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Spi�nal� mu�scu�lar� atro�phy� (SMA)� is� a he�re�di�ta�ry

usu�al�ly� au�to�so�mal� re�ces�si�ve� neu�ro�mu�scu�lar� di�se�ase

cha�rac�te�ri�sed� by� de�ge�ne�ra�tion� of� the� an�te�rior� horn

cells�of�the�spi�nal�cord�and�oc�ca�sio�nal�ly�of�the�mo�tor

neu�rons�of�the�cra�nial�ne�rves 5�to 12.�The�ge�ne�tic�lo�-

cus� for� spi�nal�mu�scu�lar� atro�phy�has�be�en� iden�ti�fied

on�chro�mo�so�me 5q�and�the�ge�ne�pro�duct�is�the�su�rvi�-

val�mo�tor� neu�ron� (SMN)� pro�te�in.�The� in�ci�den�ce� of

SMA�is�ap�pro�xi�ma�te�ly 1�in 15,000�to 1�in 20,000�live

bir�ths,� and� the� pre�va�len�ce� of� the� car�rier� sta�te� is

1�in 80�[1].�Pro�xi�mal�and�ra�re�di�stal�forms�of�SMA

are�ob�se�rved.�The�re�are�fo�ur�dif�fe�rent�ty�pes�of�pro�xi�-

mal�SMA�(Tab. 1):�acu�te�(SMA�I),�in�ter�me�dia�te�(SMA

II),�mild�(SMA�III)�and�adult�(SMA�IV).�Ty�pe II SMA

is�usu�al�ly�iden�ti�fied�be�twe�en�birth�and�age 18�mon�ths.

The�chil�dren�achie�ve�head�con�trol,�de�ve�lop�the�abi�li�-

ty�to�sit�but�they�are�una�ble�to�stand�or�walk�and�requ�-

ire�a whe�el�cha�ir.�Con�trac�tu�res�of�the�up�per�and�lo�wer

extre�mi�ties,� hip� sub�lu�xa�tion� or� di�slo�ca�tion� and� the

de�ve�lop�ment�of�sco�lio�sis� re�qu�ires�or�tho�pa�edic� tre�at�-

ment�in�chil�dren�with�SMA II.�Ad�di�tio�nal�ly�ap�pa�rent

chest�ca�ge�de�for�mi�ties�ag�gra�va�tes�to�ge�ther�with�sco�-

lio�sis�the�re�spi�ra�to�ry�pro�blems�cau�sed�by�the�mu�sc�le

we�ak�ness.�The�in�ci�den�ce�of�sco�lio�sis�in�SMA II is�ne�-

ar�ly 100%.�The�sco�lio�sis�starts� in�age�of� in�ave�ra�ge

2.1�to 4.3�years�and�has�a pro�gres�sion�of�ap�pro�xi�ma�-

te�ly 8°� Cobb� angle� year�ly� [2].� Se�ve�re� pro�gres�si�ve

sco�lio�sis� al�re�ady� in� ear�ly� chil�dho�od� in� the� age� of

3�or 4�years�can�be�fre�qu�en�tly�ob�se�rved.�Long�c�-for�-

med�tho�ra�co�lum�bar�cu�rves�are�most�com�mon,�sel�dom

tho�ra�cic,�lum�bar�or�do�uble�ma�jor�cu�rves.�Pro�gres�si�ve

sco�lio�sis� (col�lap�sing� spi�ne)�with� pe�lvic� ob�li�qu�ity� in

SMA II pa�tients�(Fig. 1)�can�not�be�in�flu�en�ced�ef�fi�-

cien�tly�by�con�se�rva�ti�ve�tre�at�ment�[3].�The�se�sco�lio�ses

re�qu�ire�sur�gi�cal�sta�bi�li�sa�tion�to�cor�rect�the�cu�rve,�ba�-

lan�ce� the� trunk� and� to� di�mi�nish� pe�lvic� ob�li�qu�ity� in

order�to�im�pro�ve�sit�ting�qu�ali�ty.

Im�ba�lan�ced� pro�xi�mal� mu�sc�le� we�ak�ness� le�ads� in

a lot�of�chil�dren�with�SMA II to�co�xa�val�ga�with�hip

sub�lu�xa�tion�and�di�slo�ca�tion�and� in�so�me�of� them�to

uni�la�te�ral�di�slo�ca�tion� [4].�Sur�gi�cal� re�con�struc�tion�of

sub�lu�xa�ted�or�di�slo�ca�ted�hip�by�in�ter�tro�chan�te�ric�and/

or�pe�lvic�oste�oto�my� in�non�-am�bu�la�to�ry�pa�tients�has

be�en� de�scri�bed� but� con�tro�ver�sial�ly� di�scus�sed� [5,6].
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Sum�ma�ri�sing� hip� di�slo�ca�tion� or� sub�lu�xa�tion� se�ems

not�to�be�the�ma�in�cau�sal�fac�tor�for�the�pe�lvic�ob�li�qu�-

ity�and�sit�ting�di�scom�fort.�The�de�ci�si�ve�fac�tor�for�the

de�ve�lop�ment� of� pe�lvic� ob�li�qu�ity� is� the� pro�gres�si�ve

sco�lio�sis.�The� cor�rect� sit�ting�po�si�tion� is�most� im�por�-

tant�for�non�-am�bu�la�to�ry�pa�tients�and�the�loss�of�sit�ting

abi�li�ty�has�to�be�pre�ven�ted�by�ear�ly�sur�gi�cal�sta�bi�li�sa�-

tion�of�sco�lio�sis�and�pe�lvis.�

con�Se�RvA�TI�ve�And�

ope�RA�TI�ve�TRe�AT�MenT

The�con�se�rva�ti�ve�tre�at�ment�of�sco�lio�sis�in�SMA�II is

dif�fi�cult�and�in�ef�fec�ti�ve�[7].�A sit�ting�sup�port�can�be

used�for�smal�ler�chil�dren�wi�tho�ut�sit�ting�ba�lan�ce�with

col�lap�sing�ky�pho�-sco�lio�sis�in�or�der�to�con�trol�sit�ting

po�si�tion� but� not� to� cor�rect� spi�ne� de�for�mi�ty.�Cor�sets

are�mo�re�use�ful�to�ma�ke�sit�ting�easier�in�the�ti�me�be�-
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Ta�b. 1.�Clas�si�fi�ca�tion�and�pro�gno�sis�of�dif�fe�rent�ty�pes�of�au�to�so�mal�re�ces�si�ve�pro�xi�mal�spi�nal�mu�scu�lar�atro�phy

Fig. 1.�Ma�in�cli�ni�cal�pro�blems�of�sco�lio�sis�in�in�ter�me�dia�te�spi�nal�mu�scu�lar�atro�phy:�col�lap�sing�spi�ne�(a)�and�pe�lvic

ob�li�qu�ity�(b)



fo�re�the�ope�ra�tion�or�when�sur�ge�ry�of�the�spi�ne�is�im�-

pos�si�ble,�be�cau�se�of�high�car�dio�pul�mo�na�ry�risk,�po�or

ge�ne�ral�con�di�tion�or�high�neu�ro�lo�gi�cal�risk�li�ke�pa�ra�-

ple�gia�after� cor�rec�tion�of�ve�ry� se�ve�re�ky�pho�-sco�lio�-

sis.�Cor�sets�can�not�stop�the�cu�rve�pro�gres�sion.�Ma�ny

chil�dren� do not� to�le�ra�te� or�tho�ses.�Ve�ry� im�por�tant� is

that� cor�sets� in�SMA II ha�ve� to�di�stri�bu�te� the� for�ces

over� a lar�ge� area� and� pre�vent� chest�wall� de�for�mi�ty

whi�le�sta�bi�li�sa�tion�sit�ting�po�si�tion�du�ring�growth�[3].�

In�spi�nal�sur�ge�ry�of�sco�lio�sis�in�SMA II dif�fe�rent

in�stru�men�ta�tions� are� used� li�ke� Lu�que�-,� Ga�lve�ston�-,

Co�trel�-Du�bo�us�set�- or�Iso�la®-in�stru�men�ta�tion.�The�spe�-

cial�ad�van�ta�ge�of�Lu�que´s�seg�men�tal�spi�nal�sta�bi�li�sa�-

tion�or�its�mo�di�fi�ca�tions�(Ga�lve�ston�or�Unit�-rod�-seg�-

men�tal�spi�nal�sta�bi�li�sa�tion)�is�the�po�sto�pe�ra�ti�ve�tre�at�-

ment�wi�tho�ut�cor�set�or�pla�ster.�The�rods�can�be�ada�p�-

t�ed�to the�phy�sio�lo�gi�cal�cu�rves�of�the�spi�ne.�The�Co�-

trel�-Du�bo�use�set�(CD)�in�stru�men�ta�tion�ena�bles�a so�lid

fo�un�da�tion�in�the�spi�ne�and�a bet�ter�cor�rec�tion�of�ro�-

ta�tion� in� com�pa�ri�son�with�Lu�que´s� in�stru�men�ta�tion.

The�most� im�por�tant� ad�van�ta�ge� of� Iso�la®� sys�tem� is

the� for�ce� trans�mis�sion� in� three� di�rec�tions.� Po�ste�rior

spi�nal�fu�sion�with�mul�ti�seg�men�tal�spi�nal�in�stru�men�-

ta�tion�and�pe�lvic�fi�xa�tion�is�the�tre�at�ment�of�cho�ice�in

pa�tients�in�SMA II.�The�in�stru�men�ta�tion�has�to�extend

from�up�per�tho�ra�cic�spi�ne�(Th2�or 3)�to�the�sa�crum�or

to� the� pe�lvis� [6,8,9].�An�te�rior� fu�sion� is� usu�al�ly� not

car�ried�out�be�cau�se�of�the�high�sur�gi�cal�risk�for�in�ju�-

ring�the�dia�ph�ragm�as�the�most�im�por�tant�re�spi�ra�to�ry

mu�sc�le�in�the�se�pa�tients.

Exten�si�ve� pul�mo�na�ry� pre�-,� pe�ri�- and� po�sto�pe�ra�-

tive�ca�re�is�ne�ces�sa�ry�to�avo�id�re�spi�ra�to�ry�com�pli�ca�-

tions�such�as�pneu�mo�nia�and�the�ne�ed�for�pro�lon�ged

me�cha�ni�cal�ven�ti�la�tion.�The�pre�ope�ra�ti�ve�as�ses�sment

has� to� in�c�lu�de� lung�func�tion�exa�mi�na�tion�and�blo�od

ga�ses�ana�ly�sis.�In�ter�me�dia�te�SMA�pa�tients�with�li�mi�-

ted�lung�func�tion�sho�uld�be�ada�pted�to�as�si�sted�ven�ti�-

la�tion�prior�to�spi�nal�sur�ge�ry,�sin�ce�pe�rio�pe�ra�ti�ve�lung

com�pli�ca�tions�can�be�de�ci�se�ve�ly�re�du�ced.�The�po�ssi�-

ble�ri�sks�of�spi�nal�sur�ge�ry�in�the�se�ve�ry�pa�tients�can

be�re�du�ced�if�spe�cial�po�ints�are�fol�lo�wed.�The�car�dio�-

pul�mo�na�ry�si�tu�ation�has�to�be�exac�tly�exa�mi�ned�pre�-

ope�ra�ti�ve�ly.�Du�ring� the�ope�ra�tion� the�pro�ne�po�si�tio�-

ning�for�sur�ge�ry�has�to�avo�id�a di�rect�pres�su�re�aga�inst

the�ster�num�and�a he�art�com�pres�sion.�The�ana�este�sio�-

lo�gi�cal�re�gi�me�has�to�re�gard�the�spe�ci�fic�de�mands�for

pa�tients� with� mu�sc�le� di�sor�ders.� Suc�ci�nyl�cho�lin� and

ha�lo�tha�ne�are�ob�so�le�te.�In�tra�ope�ra�ti�ve�mo�ni�to�ring�in�-

c�lu�des�EKG,�non�-iva�si�ve�and�in�va�si�ve�blo�od�pres�su�re,

cen�tral� ve�no�us� pres�su�re,� ar�te�rial� blo�od� ga�ses,� pulse

oxy�me�trie,� cap�no�me�trie,� pa�tient's� co�re� tem�pe�ra�tu�re,

re�la�xa�tion�and�air�way�pres�su�re.�Ve�ry�im�por�tant�is�the

cor�rect� and� con�se�qu�ent� re�gi�me� of� vo�lu�me� sub�sti�tu�-

tion,� di�lu�tion� du�ring� the� usu�al�ly� long� sur�ge�ry� ti�me

with� the� con�se�qu�en�ce� of� par�tly�mar�ked� blo�od� loss.

Cell�-sa�ver�has�to�be�used�in�tra�ope�ra�ti�ve�ly.�Ho�we�ver,

in�tra�- and�po�sto�pe�ra�ti�ve�ly� sub�sti�tu�tion�with�ery�th�ro�-

cy�te�con�cen�tra�tes�and�fresh�fro�zen�pla�sma�is�mo�stly

re�qu�ired.� Spi�nal� sur�ge�ry� of� in�ter�me�dia�te� SMA� pa�-

tients�is�not�sel�dom�a ha�zar�do�us�sur�ge�ry�and�re�qu�ires

ap�pro�pria�te� fa�ci�li�ties� with� expe�rien�ced� sur�ge�ons,

anae�ste�sio�lo�gi�sts�and�in�ten�si�ve�ca�re�unit�espe�cial�ly�in

tho�se�pa�tients�with�li�mi�ted�pneu�mo�car�dial�ca�pa�ci�ty.

Ope�ra�ti�ve�sta�bi�li�sa�tion�of� the�spi�ne�in�SMA II is

in�di�ca�ted�in�pro�ved�pro�gres�si�ve�cu�rves�mo�re�then 20°

Cobb�an�gle�and�for�ced�vi�tal�ca�pa�ci�ty�(FVC)�of�at�least

20-30%�and�no�wa�days�the�tre�at�ment�of�cho�ice.

pRo�BleMS�oF�SpI�nAl�

SuR�ge�Ry�uSIng�THe�

Te�le�Sco�pe�Rod

Na�umann 1993�de�ve�lo�ped�a spe�cial�te�le�sco�pe�rod

for�non�-fu�sion�sur�gi�cal�spi�ne�sta�bi�li�sa�tion�in�or�der�to

ena�ble� a leng�the�ning� of� this� in�stru�men�ta�tion� du�ring

growth�for�young�chil�dren�pri�ma�ry�in�Du�chen�ne�mu�-

scu�lar�dys�tro�phy�(DMD).�Amo�re�fle�xi�ble�sys�tem�with

ro�ta�tio�nal�sta�bi�li�ty�and�pre�se�rved�lon�gi�tu�di�nal�mo�bi�-

li�ty� com�pa�red� with� Lu�que�-in�stru�men�ta�tion� was

achie�ved.�This� sys�tem�con�si�sts�of�a so�lid�up�per� rod

sli�ding�in�a cau�dal�hol�low�rod,�which�each�con�nec�ted

to�ge�ther�on�the�ir�cra�nial�and�cau�dal�end�with�La�bitz�-

ke�-wi�res� (Fig. 2).�The� te�le�sco�pe� rods�we�re� fi�xed�on

the�spi�ne�with�po�ly�fi�le�ste�al�cords� (La�bitz�ke�-wi�res).

To�avo�id� im�plant�fa�ilu�re,�cor�ro�sion,�me�tal�we�ar�and
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Fig.�2.�Original�telescope�rod



fo�re�ign�bo�dy�re�ac�tion�the�wi�res�we�re� le�aded�aro�und

pla�stic�rolls.�To�avo�id� the�osse�ous�re�sorp�tion�and�to

de�cre�ase�the�risk�of�wi�re�pull�out,�the�wi�res�we�re�con�-

duc�ted� in� a me�tal� cap�su�le� thro�ugh� the� ba�sis� of� the

pro�ces�sus� spi�no�sus.�This� kind�of� trans�-/in�ter�spi�no�u�-

sly� an�cho�ring�has� lo�we�red� the� risk� for� neu�ro�lo�gi�cal

com�pli�ca�tions�in�the�spi�nal�cord�and�the�blo�od�loss.�

For� the� tre�at�ment� of� SMA�pa�tients�we�mo�di�fied

the�te�le�sco�pe�rod.�To�avo�id�di�scon�nec�ting�of�the�cer-

c�la�ges�at�the�up�per�and�lo�wer�end�of�the�rod�pa�ir,�the

ends�of� them�we�re� fir�stly�we�lded� to�ge�ther�and� la�ter

on�pro�du�ced�in�one�pie�ce.�For�bet�ter�fi�xa�tion�of� the

ends� of� the� rods� to� the� spi�ne� ad�di�tio�nal� trans�ver�se

rods�we�re�ad�ded�at�the�cra�nial�and�cau�dal�end.�La�te�-

ral� flat�te�ning� of� the� so�lid� rods� was� do�ne� to� re�du�ce

twi�sting�and�can�ting�of�the�rods�aga�inst�each�other.

Heu�ser� (2003)� re�ports� abo�ut 20� con�se�cu�ti�ve� pa�-

tients� with� SMA II ope�ra�ted� using� te�le�sco�pe� rods.

The� age� at� spi�nal� sur�ge�ry� was� ave�ra�ged 6.8� years

(SD 1.7,�ran�ge 4.6-10.8�years)�and�the�length�of�post�-

o�pe�ra�ti�ve� fol�low�-up� was� on� ave�ra�ge 3.6� years

(SD 0.7,� ran�ge 2.5-4.7�years).�Pre�- and�po�sto�pe�ra�tive

X�-rays,� stan�dar�di�sed� an�te�ro�po�ste�rior� and� la�te�ral

views�we�re�ana�ly�sed.�The�de�ve�lop�ment�of�the�Cobb

an�gle�was�eva�lu�ated.�Ope�ra�ti�ve�cor�rec�tion�of�the�Cobb

an�gle�of 46.5°�on�ave�ra�ge�(SD 16.8°,�ran�ge 28°-83°)

was�achie�ved�(pre�ope�ra�tion 62°�on�ave�ra�ge,�SD�19.2°,

ran�ge 25°-90°;�po�sto�pe�ra�tion 16°�on�ave�ra�ge,�SD�10.1°,

ran�ge 0°-38°).�Cli�ni�cal�ana�ly�sis�sho�wed�a me�an�loss�of

po�sto�pe�ra�ti�ve�cor�rec�tion�of 9.6°/year,�va�rio�us�si�gni�fi�cant

crank�shaft�phe�no�me�na�and�an�in�cre�ase�of�pe�lvic�ob�li�qu�i�-

ty�(Fig. 3).�Be�cau�se�of�the�se�cli�ni�cal�re�sults�te�le�sco�pe�rod

im�plan�ta�tion�in�SMA II pa�tients�was�stop�ped.

For�the�bio�me�cha�ni�cal�expe�ri�ments�we�used 7�te�-

le�sco�pe� rods� and 2� dif�fe�rent� te�sting� ap�pa�ra�tus.� The

fric�tion�for�ces�(sli�ding�and�ad�he�sion),�in�- and�out�-sli�-

ding�for�ces,�left/ri�ght�rod�tor�sion�be�twe�en 0�and 16°

in 2°�steps,�me�tal�lic�we�ar�and� rod�de�for�mi�ties�we�re

ana�ly�sed� [10].�The�expe�ri�men�tal� in�ve�sti�ga�tions�sho�-

wed�in�cre�ased�out�-sli�ding�for�ces�with�in�cre�asing�tor�-

sion� an�gle.� A fur�ther� si�gni�fi�cant� pro�blem� was� too

much�me�tal�lic� we�ar,� and� unsa�tis�fac�to�ry�ma�nu�fac�tu�-

ring�pre�ci�sion�with�po�or� sur�fa�ce�-qu�ali�ty�of� the� te�le�-

sco�pe�rods.�

SuR�gI�cAl�SpI�ne�

STA�BI�lI�SA�TIon�uSIng�THe�

ISo�lA®�In�STRu�Men�TA�TIon

Iso�la®-sys�tem�(Acro�Med)� is�a spi�nal� in�stru�men�-

ta�tion�ba�sed�on�the�„3�di�men�sions�– 6�mo�tions”�(3D�-

-6M)�prin�ci�ple.�For�spi�nal�sta�bi�li�sa�tion�a com�bi�na�tion

of� ho�oks,� sub�la�mi�nar� wi�res� and� pe�dic�le� screws� are

Fujak A. et al., Treatment of scoliosis in intermediate spinal muscular atrophy

178

Fig. 3.� Crank�shaft� phe�no�me�non� after� spi�nal� sur�ge�ry� in� SMA II using� the� te�le�sco�pe� rod.� a) 0� mon�ths� po�stop.,

Cobb 30°,�tilt 29°,�b) 14�month�po�stop.,�Cobb 75°,�tilt 56°,�c) 22�mon�ths�po�stop.,�Cobb 84°,�tilt 52°



used�and�al�lows�a go�od�seg�men�tal�cor�rec�tion�and�sta�-

bi�li�ty.� Our� tech�ni�que:� The� in�stru�men�ta�tion� in�c�lu�des

trans�ver�se�pro�cess�-la�mi�na�ho�ok�claws�at�Th2 and�Th4

or�Th3 and�Th5.�We�use�do�uble�Lu�que�-wi�res�from�Th5

(Th6)�down�to�Th12,�pe�dic�le�screws�in�L1-S1,�trans�ver�se

con�nec�tors�at�Th3 (Th4)�and�L3.�Bo�ny�fu�sion�with�bank

bo�ne�from�L1 to�sa�crum�was�used�in�the�first�few�ca�-

ses.� La�ter� on�we� per�form� au�to�lo�go�us� bo�ne� gra�fting

on�ly�be�twe�en�L5 and�S1 using�the�re�sec�ted�pro�ces�sus

spi�no�si.�Fur�ther�mo�re� a de�cor�ti�sa�tion�of� the�ver�te�bra

jo�ints�is�per�for�med�at�the�end�of�the�ope�ra�tion.�Im�me�-

dia�te�ly�after�sur�ge�ry�the�in�stru�men�ta�tion�is�so�lid�eno�-

ugh�for�sit�ting�and�trans�fers�wi�tho�ut�cor�set.�Mo�bi�li�sa�-

tion�in�whe�el�cha�ir�oc�curs�as�ra�pi�dly�as�po�ssi�ble,�mo�-

stly�wi�thin 6-8�days�po�sto�pe�ra�ti�ve�ly.�

From�Ja�nu�ary 1999�until�Au�gust 2004 17�SMA II

pa�tients�ha�ve�be�en�ope�ra�ted�for�pro�gres�si�ve�sco�lio�sis

using� the� Iso�la®-sys�tem.�The� ave�ra�ge� age� et� spi�nal

sur�ge�ry�was 12.9�years�(SD 2.9,�ran�ge 9.4-22.7�years).

Opera�ti�ve�cor�rec�tion�of�the�Cobb�an�gle�of 41°�on�ave�-

rage�(SD 17.7°,�ran�ge 2°-82°)�was�achie�ved�(pre�ope�ra�-

tion 82.7°�on�ave�ra�ge,�SD 17°,�ran�ge 54°-120°;�po�sto�-

pe�ra�tion 44.4°�on�ave�ra�ge,�SD 19.4°,�ran�ge 17°-88°).

conc�lu�SIon

Ne�ar 100%� of� SMA II pa�tients� de�ve�lop� se�ve�re

pro�gres�si�ve�sco�lio�sis�with�in�cre�asing�pe�lvic�ob�li�qu�ity

al�re�ady�in�ear�ly�chil�dho�od�in�the�age�of 3�or 4�years.

The� de�ve�lop�ment� of� sco�lio�sis� of� gro�wing� spi�ne� in

ear�ly�chil�dho�od�is�the�most�si�gni�fi�cant�pro�blem�of�or�-

tho�pa�edic� tre�at�ment� of� the�se� chil�dren.�Con�se�rva�ti�ve

tre�at�ment�of� sco�lio�sis� in�SMA II is� in�ef�fec�ti�ve.�The

pro�gres�si�ve�sco�lio�sis�with�pe�lvic�ob�li�qu�ity� in�young

pa�tients�with�SMA II ha�ve� to�be�sur�gi�cal� tre�ated�by

spi�nal� sta�bi�li�sa�tion.� The� te�le�sco�pe� rod� co�uld� be� in

prin�ci�ple�a go�od�the�ra�peu�ti�cal�ap�pro�ach�for�sta�bi�li�sa�-

tion� of� gro�wing� spi�ne,� but� its� tech�ni�cal�ma�nu�fac�tu�-

ring�has�fir�stly�to�be�im�pro�ved�de�ci�si�ve�ly.�Re�duc�tion

of�fric�tion�for�ces�(sli�ding�and�ad�he�sion),�re�duc�tion�of

me�tal�lic�we�ar,�and�bet�ter� tech�ni�cal�pre�ci�sion�of�pro�-

duc�tion�are�ne�ces�sa�ry.�Our�cli�ni�cal�in�ve�sti�ga�tion�has

shown�not�sa�tis�fac�to�ry�te�le�sco�ping�of�te�le�sco�pe�rods

in�a lar�ge�per�cen�ta�ge�of�pa�tients.�Unsa�tis�fac�to�ry�pre�-

ci�sion�of� tech�ni�cal�ma�nu�fac�tu�ring�and�po�or�sur�fa�ce�-

-qu�ali�ty�of�te�le�sco�pe�rods�co�uld�be�pro�ved�by�our�bio�-

me�cha�ni�cal� expe�ri�ments� as� cau�sal� fac�tors.� For

SMA II pa�tients�youn�ger�than 10�years�with�pro�gres�-

si�ve�sco�lio�sis�our�the�ra�peu�tic�re�com�men�da�tion�is�no�-

wa�days�a cor�set�until�the�age�of 10-12�years�and�then

the� de�fi�ni�ti�ve� sur�gi�cal� cor�rec�tion� using� other�mul�ti�-

seg�men�tal� in�stru�men�ta�tion� li�ke� the� Iso�la®� sys�tem.

From�the�tech�ni�cal�po�int�of�view�we�re�com�mend�the

in�stru�men�ta�tion�from�Th2 or�Th3 down�to�S1 com�bi�ned

with�bo�ny�fu�sion�in�or�der�to�im�pro�ve�pe�lvic�ob�li�qu�ity

for�bet�ter�sit�ting�ba�lan�ce.�Ear�ly�spi�nal�sur�ge�ry,�ho�we�-

ver,�im�pro�ves�both�sit�ting�com�fort�of�the�pa�tients�and

qu�ali�ty�of�li�fe�for�the�pa�tients�and�the�ir�fa�mi�lies.�New

in�stru�men�ta�tion� for� spi�nal� sta�bi�li�sa�tion� in� the� ear�ly

chil�dho�od� ha�ve� to� be� de�ve�lo�ped� for� the�se� ve�ry� pa�-

tients.
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