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SCOLIOSIS AND OTHER SPINAL DEFORMITIES 

R OBE RT B. \VI i\"TE R 

I. R E C E N T S C I E ?\ T I F I C D E V E L 0 P :\I E N ·r 

The pas t 20 yea rs h ave brought about tremendous ch ange in the 
fi eld of scoliosis and rela ted spine deformities . There h as been con­
siderabl e improvem ent in surgical technique in te rm s of th e qu ality of 
fu sion and strength of the fu sion m ass. \Ve h ave seen th e development 
of two m ajor techniques of int ern a l co rrec tion and fixati on : Har­
rington rods and Dwyer ins trument s. \Ve h ave seen the development 
of m ore powerful m ethods of exte rna l spine co rrection, including 
Co lrel trac tion, halo-fem oral traction and h alo-hoop techniqu es . \Ve 
have seen advancem ent of surgical technique into n ew a nd inn ova tive 
a ttacks upon spine deformity, mos t pa rticula rly the development of 
a nterior spine fu sion as well as co rrec tive os teo tomy of the spine. 
Finally, we h ave seen im p rovement of non-ope ra tive techniques with 
the introd uction of n ew types of braces as well as refin ement of 
traditional braces . 

Thi s wealth of n ew techniques, material s, a nd methodologies has 
brought tremendous change a nd provided a qu a lity of ca re p rev iously 
thought impossible. Previously hopeless problems have become pos­
sible, and previously diffi cult problems a re n ow routin e. 

The innovative surgical techniques of ant eri or surgery a nd wedge 
os teo tomy, as well as the more po\\·e rful co rrec tive forces in volved in 
Ha rrin gton rods, h alo-hoops and h alo-fe m o ral tracti on, have brought 
about an increase of neurologic complica ti on s rela ted to either direc t 
spin al co rd tra uma or to isch aemia of the co rd . Thus, the advancement s 
in techniques h ave n ot a lways been co upl ed with in creased safely to 
th e pa ti ent. 

II. IM PO I1 TA 1. T DA TA 

The m os t common ca use of spin e deformity, idiopa thi c scolios is, 
r ema in s as mu ch a n engim a as it has prev iously bee n. Alth ough there 
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h ave been sm all inroads into the bas ic n a tu re of this problem, th e 
ullima te cause is still unknown . 

A. Sch ool screening 

Probably the mos t s ignifican t n ew informati on rega rding idiopa thic 
scolios is has com e from th ose stu d ies involving screening of la rge 
numbers of schoolchildren fo r spine defo rmit y. T hese screenin g 
procedures h ave been done in m any di fferent areas , including J ohan­
nesburg, South Afri ca, and California, .Minnesota and Delawa re, and 
h ave shown tha t idiopa thic scolios is is a fa r m ore comm on p robl em 
in most count r ies th an was previously rea lized . Earlier studies h ad 
indi ca ted an incid ence of 0. 1 to 0.2 per cent based on the number of 
p a tient s comin g to phys icians for trea tment or for evalu a tion of mass 
X-ray screenings for tuberculos is. 

Evalu a ti on of la rge numbers of schoolchildren has revea led a n 
in cidence of scolios is of up to 12 per cent when screenin g children 
aged 10- 14 yea rs . Mos t of these pa tients h ave ve ry sm all curva tures, 
i.e. in the r ange of 5- 15 deg rees (Cobb ). At the younge r age levels, 
th a t is, ages 10 and 11 , the conditi on is found a lm ost equ ally in m ales 
and fe m ales. As the children m a ture, the percent age of significant 
curva ture ri ses m os t in the fem a le. Thus, the number of old er children 
requi r ing trea tment (h aving progress ive cu rves or cu rves g rea te r th an 
20 deg rees) shows a predomin ant fem ale in cidence simil a r to th a t 
p reviously kn own (app rox im ately 80 per cen t fem ale - 20 per cent 
male) . 

These findin gs indica te th a t perhaps the feminin e domin a nce of the 
condition is n ot a geneti c one, i.e., il is not a sex-linked domin ant factor , 
but r a th er the in cidence is th e sa me but th e tend ency towa rd s pro­
gress ion m ay be govern ed by horm onal fac to rs. Thu s, inves tigati ons 
int o growth and sex h orm ones have ass um ed a grea ter signi ficance in 
the search for the ca use of idi opa thi c scoli os is . 

The school sc reeni ng studies in South Afri ca revea led a signifi ca nt 
diffe rence be tween Neg roes and Ca ucas ians, th e inc id ence in Neg roes 
bein g app roxi ma tely 2 per cen l and th a t in th e Ca ucas ia ns app rox­
im a tely 6 per cent. Bo th of th ese studies w ere condu cted in th e 
J oh ann esb urg school sys tem, so the qu alit y of ana lys is appea rs to be 
t.he sa me in th e two g roups. Th ese resull s in d ica te a very definit e 
ethnic rela ti onship of thi s conditi on . 

The school sc reening p rog ram has not onl y given · us intri guin g 
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information regarding cause of idiopathic scoliosis, but h as, from the 
point of view of practical applica tion of trea tment , given us the ability 
to control idiopa thic scolios is \Yithout surgery in the maj ority of 
patients. 

It h as become increasingly evident tha t n on-operative brace trea t­
ment, r egardless of wha t type of brace is u sed, is effect ive only when 
curvatures can be detected ea rly in the course of the curve before 
significant rigid stru ctura l deformity develops. The only way to find 
children \Yhen they are in thi s early, trea tabl e s tage is by m ass 
screening techniqu es. 

B. Surgical lrealm enl of' idiopathic scoliosis 

The s ignificant data tha t h ave evolved during the pas t 5 year s 
concerning surgical trea tment of idiopathic scolios is are primarily 
related to the quality of the correcti on as well as the qu ality of th e 
fusion mass creat ed. There is now a good guarantee of permanent 
stability of correc tion . Opera tive techniques have gradu ally been im­
proved to the point '"here the surgical trea tment of idiopa thic scolios is 
in the adol escent should yield correction of between 50 and 60 per cent 
of th e original curYe, with an infec tion rat e of 1 per cent or less, a 
p seudarthrosis r a te of 2 per cent or less, and a minimum of other 
compli cation s. 

This high deg ree of success ha s come from a combina tion of face t 
j oint excision , r epl acement of the facet j oint with autogenous iliac 
cancellous hone, thorough decortica ti on of the entire fu sion area, and 
addition of further autogen ous iliac bone. These r esulls arc bein g 
duplicated by m an y scoli os is su rgeons throughout th e world at thi s 
time. The days of conside ring a 10 per cent pseudarthrosis rate as 
acceptable are past. 

C. Early ambulation 

Rep orts from several centres n ow indi cate th a t early ambulati on 
following surgery can produ ce r esults equ al to o r bell er tha n those 
obtained by 3- 6 months of bedres t. E a rly ambul a tion h as hecn possible 
by a combination of secu re internal f ixa ti on with Ha rring lon or Dwyc r 
instrument s followed by appli cation of snug, well-filling, co mfortabl e, 
total contact cas ts or expertly des ign ed braces. Stati s ti ca l anal ys is of 
such treatment indica tes an ave rage loss of onl y 5 deg rees from th e 
time of surgery until 1 yea r la ter in . adolescent idi opathic scolios is. 
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The a rthrodesis appea rs to h eal more strongly with vertical loading of 
the spine. Th u , th e fu sion appears to be stronger a t the lim e of cas t 
removal a nd th ere is less tendency for loss of correc tion foll owin g cas t 
rcmoyaJ. Furtherm ore, there a re tremendous psych ologic benefit s to 
the child in bein g abl e to leave the h ospit al, to r eturn to regul ar sch ool, 
and to pa rti cipa te in m os t ac tiviti es with hi s or h er peers. 

D. Dwyer inslmmenlalion 

The Dwycr procedu re h as ga in ed in creasing accepta nce during the 
pas t 5 yea rs. It is s till consid ered to be in an experimental phase with 
rela tively few s ta ti s ti cs avail abl e as to th e result s, but some fac ts arc 
clea r. It is a ve ry powerful correcting device. It is mos t applicable to 
the th oracolumbar area, th a t is, between T 9 and L 4. The ins truments 
lhcmse lYes a rc suffi ciently s t rong and durable to m aintain co rrec tion, 
providing th a t firm ext ern al support is al so u sed in the form of a cas t 
or brace. 

The m ajor probl ems with th e Dwycr procedure h ave been: a) the 
n ecessit y for an ant erior approach ; b ) th e inability to fu se ex tens ive 
areas of the sp in e, as one is limited by convenience to approximately 
six levels ; c) th e s till somewha t awkwa rd design of the in strum e1; ts 
of in sertion; d ) inability to reach and an chor wcii in th e sacrum. In 
mos t centres, th e Dwycr procedure is u sed predominantl y in n euro­
muscul a r probl ems, usu ally combin ed with a seconda ry pos teri or 
operati on of great er length , and usuaiiy with Ha rring lon in st rumenta­
tion . The ri sk of pa ralys is du e to interrupti on of the bl ood supply to 
the spinal co rd was felt by many to be a s trong contra indica tion to the 
Dwyc r procedure. Thi s has, h owever, n ot proved to be a signifi cant 
fa ctor to dat e. 

E. A nterior spinal surgery 

Ant eri or spinal surge ry, initi a ted primarily for th e treatment of 
tuberculos is of the spine, h a · come to pl ay a signifi cant role in the 
trea tm ent of many other ca uses of kyphosis. Progress ive or severe 
l< yph osis i se ldom perm anently s tabilized by pos terior a rthrodesis. 
From a biomcchani cal point of view, a pos teri or arthrodesis is under 
tens ion or di stracti on fo rces and does n ot knit solidly . However, an 
ant erior a rthrodes is is under compress ion forces and tend s to knit 
s trongly. 

Therefore, for such conditions as n eurofibromat osis kyphosis, ad-
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van ced Scheuerm ann 's kyphosis, the kyphosis of va rious os leoch ondro­
dys trophies, congenita l kyph osis, and posllaminectomy kyph osis, an­
terior spinal fu sion has become virtually routine. 

The most sign ificant role of the a nte rior app roach bes ides that of 
anterior fu sion has been anterior decompress ion of th e spina l co rd 
when the cause of the compression of the co rd is anterior. There are 
a multitude of reasons for anterior co rd compress ion , bul s ta ti s tically 
the most common are: a) congenit al kyphosis; b ) trauma ; c) neuro­
fibromatosis kyphoscolios is, d ) posllamineclomy kyphosis; e) the 
kyphosis due to var ious types of os leochondrodys lrophies and f) 

tuberculosis. The pioneering work of the tuberculos is physicians which 
achieved such excellent resull s in the decompression of th e spin a l 
cord has led to grea ter recognition of the role anterior cord decom­
pression plays in other aetiologies. The transthoracic route has been 
the mos t beneficial, since it is possible to perform an adeq uate anterior 
arthrodesis at the sam e lime, thu s stabilizing the kyphosis and prevent­
ing continued collapse. The Capener cos trotransverseclomy approach 
does not provide adeq ua te exposure for ar throd es is or ahccss excis ion . 

F. Brace treatm ent 

Sta ti s ti ca l anlyses of the resulls of the Milwaukee brace and other 
braces in trea tment of idiopathic scolios is are now available. Three 
independent review articles· indicate th a t the Milwaukee brace is most 
effective in adolescent idiopathic sco lios is of between 20 and 40 
degrees. Between 40 and 50 degrees, the resulls arc only fair and above 
50 deg rees the res ull s a re poor. Curva tures of 50- 60 degrees in 
juveniles (ages 3- 10 ) can well be trea ted by braces. These are less 
frequen t patients. The average res ulls from three different centres 
indicated approxima tely 20 per cent improvement of th e curve at th e 
conclusion of trea tm en t. Analys is by Dr. Blount of patients who had 
been out of thei r braces several years h as indi ca ted th a t there is a 
tendency to lose a few degrees of correction, par ti cularly following 
pregnancy. At the present lime, no sta ti s ti cal rcsulls a re available on 
patients several yea rs af ter the comple tion of brace trea tm ent. 

Statistical analysis of end res ulls of i\Iilwaukee brace trea tm ent for 
Scheuermann's d isease arc now ava il ab le. Excellen t improvement was 
obta ined in the brace and maintained af ter brace remova l. The final 
result s indica ted approx im a tely -lO per cent co rrec ti on of the kyphos is 
and a lso 40 per cent correc tion of the wedging of the apical vertebrae. 
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Ill . T 0 DAY'S LEVEL 0 F PE H F 0 1\ ~I AN C E 

A. Idiopathic scoliosis 

The trea tm ent of idi opa thic scoli os is involves only three m eth ods. 
The fir s t is controlled observation , the second is non-opera tive trea t­
m ent with a brace, and th e third is surgica l co rrec tion and fusion. The 
physician trea ting th e child h as rela tive ly few choices to make, but he 
m ay have diffi culty deciding which is th e bes t m ethod . 

Ca reful obse rva tion without active trea tm ent can be done for slight 
curves, th a t is curves of 0 to 15 or 20 deg rees. As lon g as the child is 
growi ng, periodic observation is necessa ry. Upright X-rays should be 
carefully measured to see if progression is or is n ot lakin g place. If 
th e curve is progressive, then brace treat ment is indi ca ted. 

The .choi ce then lies between which type of brace is th e m os t ef­
fec tive. At the present lime, th e i\filwa ukee brace is the trea tment of 
choice for th orac ic curves. Und erarm-l evel corrective braces appea r to 
be quite sa ti s fac tory for fl ex ibl e thor acolumbar and lumba r curves. 

A properly m ade i\filwa ukee brace has a " ·ell-filling pelvic girdl e 
with elimin a tion of lumba r lordosis in th e la kin g of the m odel and in 
th e m anufact urin g of th e brace. There a rc two posterior uprights and a 
singl e al1le rior ' upright with a meta l n eck ring cont a ining two sma ll 
occipital pads and a throa t m ole!. The old fl a t chin pad is no longer 
used due to the high in cid ence of resultin g dental abnormaliti es. The 
occ ipital pads mu st be situ a ted below the occiput a nd the re mu st he a t 
leas t 1.0 cm between the throa t mole! and the ti ss ues benea th th e chin 
wh en th e patient is s ta ndin g in a neutra l position and looking stra ight 
ahead. 

Va ri ous la te ra l hold in g pads a rc used, depending upon the na ture of 
the curve. There a re lumba •· pads, ova l pads, L-shaped thorac ic pads, 
should er rin gs and trapeziu s pads. Th e lumba r pad is used onl y for 
lumbar curves. Fo r lh oracolurnba r curves, a lumbar pad plus an ova l 
pad on th e lowe r-mos t rihs (both on th e sa me sid e ) is th e prefe rabl e 
application . For th e usua l th oracic curve, th e L-shaped thoracic pad 
is used plus an ax ill a ry sling on the opposite side to ba la nce th e neck 
in th e centre of th e brace. The ax ill a ry slin g is a balancing device, not a 
curve co rrec ti on device. Th e trapezi us pad and should er ring are used 
fo r high tho racic or cc rv ico tho racic curves. 

Th e i\lilwaul<cc brace is co mbin ed with an ac ti ve exercise program 
which obt a in s a bett e r cor rec tion of the curve due to ac ti ve curve­
correc tin g exe rcises, and ma int a in s good spinal mu scle lone so th a t 



-106 HOBEI\T B. \VI:\TEI\ 

2 



SCOLIOSIS AN D OTH ER SPINAL DEFOmiiTIES 407 

Figure 3. A- B. Front and back v iews of a patient will! a brace f or a lumbar 
idiopathic sco lios is . ller 25 ° left lumbar curve is r ed uced to 6° in this brace. 

at the lime of brace removal , good mu scles are ava ilable to maintain 
the upright and correc ted position. 

Exercises without brace lrca lm cnl arc of no valu e in the treatment 
of any kind of sco li os is. They do n ot correc t a curve and they delude 
th e pati ent and physician into thinkin g th at something positive is 
being cl on e. 

For th oracolumbar and lumbar curves, th e new und erarm-level 
corrcc tiYc braces appea r lo be excell ent. l\'cwcr des igns are made of 
s trong p lastic mat eri als and arc psycho logically very pleasing to the 
pa ti ent s. These arc made with the patient in the correc ted position and 

Figure 1. A m ode rn Milwaukee brace. Th e pelv ic girdle is made of a plas tic 
(po lypropy len e). 

Figure 2. A. An 8- uear-o ld girl will! a 57° right llroracic idiopathic sco lios is. 
n. After 1 y ea r of treatm ent in a Milwauk ce brace, lir e cume has been correct ed to 
:ero d eg rees . C. Age 17 fJ Ca rs , 5 m onths. On e uea r aft er complete brace r em oval. Th e 

cu rve m eas ures 20°. 
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must elimin ate lumbar lordosis. For this reason, they must be brought 
low in the region of the bullocks but cut high in the front to pe rmit 
comfortable silting. The abdomen mu s t he kept firmly supported to 
prevent lumbar lordosis, thu s allowing the lateral co mpon ent of the 
corrective force to he effec tive against the lumbar spine. These braces 
are not effective for curves greater than 40 degrees. 

The experiences of the past 5 years would indi ca te that a ll types of 
braces are primarily devices to prevent curves from increasing rathe r 
than devices to correct an already significant curvature. Therefore, to 
be effective, any type of brace mu s t be applied ·whcn the curve is mild, 
with the thought tha t it will keep the curve mild . The phys ici an who 
believes that he can correct a 60-degree curve with a brace is only 
deluding himself. There may be som e application for braces in the 
traatment of 60-d eg ree curves in idiopa thic, infantil e and juvenil e 
idiopathic curves- but certainly not for the trea tment of adolescent 
idiopathic scoliosis. 

The main problem areas confrontin g the phys ician using brace 
treatment are the two borderline areas o f the mild curve and th e more 
major curve. In the mild curve, the ques tion arises, should the child 
be observed or braced ? Curves of less than 20 degrees usually arc not 
braced unl ess it is known th a t they a re prog ress ing. For exa mple, if 
a child is seen for the fir s t time \Yith an 18-deg rce curve and is 13 years 
of age, then trea tment is usually postponed until a chec k-up 3 month s 
later can show whether progression has taken place. If it is progrcssiYc, 
then a brace will be applied. 

If, however, th e patient has previously been seen \Yith a 10-dcg rcc 
curve and on follow-up has progressed to 18 degrees, th en brace trea t­
ment would he in s tituted without further delay. 

The reason for usi ng 20 o as the dividing lin e is th at schoo l screenin g 
examinations of large numbers of children have indica ted a very large 
number of ch ildren \Yith curves of under 20 o that arc n on-prog ressive 
or even self-resolvin g. Above 20 °, however, th e curves usuall y progress 
and do not reso lve spontan eo usly. 

The other maj or a rea of difficult decision-making is that of th e 
more significant curve and here it is a question of whether it req uires 
a brace o r surgery. The past 5 yea rs have brought the rea lization th a t 
braces cannot correc t major s tructura l curves. Thus, th e indi ca ti ons 
for the brace h ave narrowed and th e indications for surge ry have 
increased so mewh a t as compa red to 5 or 10 years ago. Curves up to 
40 degrees can easi ly be braced and curves above 50 degrees should he 
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operat ed on (adolescent idiopathi c scoli os is ) and thu s th e a rea of 
diffi cull dec ision-m a king is in th e range of -!0- 50 deg rees. Under th ese 
circum stances, the younger the child or the mo re s tructural th e curve, 
the more likely it is th a t surgery is necessa ry. Thu s, a -l5 degree curve 
which co rrects on supine sid e bending to 10 degrees a nd is associa ted 
with a 1.0 cm rih hump in a child prior to menarche would be a brace 
candidat e, whereas a -l5 degree curve in a 14-yea r-old girl 1 yea r a ft er 
the onse t of menses with sid e bending to 30 degrees and a 3.0 cm rih 
hump would be a surgical candidate. Cur\'CS a bove 60 degrees in 
adolescent s should be co rrec ted and fu sed with out question. \Vith 
curves of thi s magnitude, the incid ence of com pli ca tion s in adull life 
a re so frequ ent as to jus tify trea tm ent in the child . Curvatures above 
60 deg rees arc now known lo be prog ress ive in adult life. Thoracic 
curves above 60 degrees lend to give respira tory compli ca ti ons. Lumbar 
curves arc more controversial than th orac ic curves; many physicians 
believe that lumba r curves do not cause problems later and th erefore 
do not need surgica l co rrect ion and fu sion. Other surgeons, particul arly 
those wh o sec a la rge number of adult scolioli cs, believe th a t lumba r 
curves produce a high in cid ence of arthritis a nd progression durin g 
ad ult life and therefore should be correc ted and fu sed. The s ta ti s tics 
needed to definit ely answer th ese qu es ti ons a re n ot available at lhc 
present lime. 

Surgical trea tm en t of idiopa thic scoli os is has slowly evolved to a 
s tandardized procedure in the m ajo r centres throughout the world . 
Al th e present lim e, lhc most comm only used method is spinal fu sion 
supplemented by 1-Iarringlon in s trument a ti on . The Hauington in s tru­
ment s h ave become standardized throughout th e world and have, in 
essence, become th e routin e method of trea tm ent for adolescent 
idiopa thi c scoli os is. 

The ope ra tive procedure consis ts of a straight in cision with ca reful 
subperi os tea l dissection of the entire fu sion area of lh c intended 
:uthrodcsis. With ex tremely ca reful subperios teal dissection, bl ood loss 
can be maintained a t a minimum lc,·e l, a level whi ch pre\'iously h ad 
not been thought possible. After careful expos ure and removal of all 
sof t ti ss ues from lhc sp in e, from th e lip of th e tran sverse process to th e 
tip of the op pos ite transverse process, the facet joint s a re th en excised 
compl etely and all ca rtil ag in ous surfaces removed . The a rea of th e 
excised joint is then fill ed with a bone graf t of au togenous ma terial, 
while others prefer to use plugs of a ut ogenous iliac can cell ous bone. 
The author mu ch prefers th e aut ogenous iliac bone plug in each and 
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every face t joint throughout the fu sion area . Aft er these h ave been 
inserted, the entire fu sion a rea is decortica ted thoroughl y down into 
the cancellous bone, aga in from tip of transverse process to tip of 
transverse p rocess . The Ha rrington in strument is then in se rt ed , plac ing 
the dis traction rod along the con cave side of the curve, the upper h ook 
being inserted into the face t j oint and the lower h oo k being in serted 
underneath the lamin a of the end ve rt ebra in the fusion a rea . The 
Ha rrington contracti on assembly is a more controver sial part of the 
in strumentation. Some phys icians a re routinely u sing it and others 
routinely n ot u sing it. The Co trel transverse os teo tom y to correct the 
rib hump h as been adopted by m any s·urgeons and does give a m ore 
s ignificant improvement in the rib hump than can be achieved by any 
other mean s. 

The use of an abundant autogenous iliac bon e graft in each and 
every case h as provid ed a fu sion mass of con sis tently high quality. The 
pseudarthrosis rate h as s teadily dropped th anks to competent surgeons 
and is n ow approximately 1 per cent in the m aj or centres healing 
idiopathic scolios is . 

After insertion of the Harrington rod and p lacement of the bone 
graft, the incision is then closed with a careful cosmetic suture of the 
skin using intra-cuticul ar wire or other suture m a terial. Heavy, tight 
sutures in the skin p rodu ce an ugly scar a nd thwart the cosmeti c 
intentions of the surgery. 

Approximately 1 \veek a fter su rgery, the pa tient is p laced in a ve ry 
snug type of cas t tha t u ses trac tion , derotati on and la teral fl exion 
forces at the time of cas t applica tion. If the Harringlon instruments 
h ave been p roperly applied , they will n ot be loosened by appli ca tion of 
the cas t. A ve ry snug form-fitting plas ter p rovides total contac t and 
permits early ambul a tion . Ambul a tion is begun du ring the second week 
a ft er surgery and the p las ter is ma intained fo r 6- 9 m onth s, depending 
on the age of the child , the quality of the fu s ion and the ex perience of 
the surgeon . A cas t time of less than 6 m onths is to be condenmed, as 
bone sim ply does n ot m a ture in less time th an th a l. Large windows 
are pl aced anteriorly in the thorax to allow m ax im al inspiration and 
expira tion . This permit s the ribs to continue moving and avoids a 
" frozen thorax" . It also avoids press ure on the breas t · and maintains 
a n ormal vital capacity. 

For the patient with adolescent idiopa thi c scoli os is, it is not 
n ecessary to apply a brace or other dev ice once th e cast is removed 
a t the end of the h ealing period. A olid fusion in an adolescent will 
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not regress unl ess there is a pseud arthrosis. P seud arthroses sh ould be 
surgically repaired. 

Ju venile idiopa thi c scolios is, tha t is idiopa thic scolios is occurring 
between th e ages of th ree and _the onse t of p uberty, continues to be 
m ore ra re th an adolescent scoli os is, parti cul a rl y in the United Sta les. 
The l\l ilwaukee brace has proven Lo be extremely valu able in the trea t­
ment of these children by preventing rapid de terior a tion of the curve. 
In some pa tient s with idiopa thic scolios is th e l\lilwaukee brace p rovides 
such superi or co rrecti on th at surgery is perm anently avoided. Other 
children do not benefit as well , in tha t the brace delays the need for 
surgery until th e age of 10- 12 but th en, with the gro\Ylh sp urt, the 
curve begins to deteriora te and surgery cann ot be delayed furth er. 
Surgery shoul d never be delayed until th e end of grO\Ylh and should 
always be cl one pri or to thi s lime. 

Infantil e id iopa thic scolios is continu es to rema in an enigma. The 
mos t benefi cia l recent development is l he " rib ver tebral angle dif­
ference" meas urement of l\lehl a, wh o clemons lra lecl th at one can u se 
this specia l measurement technique to predic t wheth er th e curve will 
he progress ive or not. A difference of more th an 20 deg rees in the 
rela ti onship of the angle of the rib to the ve rt ebral body when 
compa ring the two sides is a n indica tion of a prog ress ive curve. It is a 
meas urement of the s tru ctural ch a rac ter of the curve. Infantil e 
idiopa thi c curves whi ch arc p rogress ing or whi ch have gone more than 
30 deg rees o r h ave a rib-vert ebral angle d iffer ence of g rea ter th an 20 
deg rees, sh ould be treated by brace, preferably th e i\Iilwaukee brace. 
It is n ow possible to trea t chil d ren as youn g as 6 months of age with 
a well-filling l\fil wa ukec brace. 

B. Congenital sp ine def ormities 

\Vith th e di sappea rance of poliomyeliti s scolios is from m any parts of 
the world , congenit al spine defo rmiti es h ave assumed a more promi­
nent pl ace in scoli os is clinics. With in creasin g surgical ability, it h as 
been poss ibl e to do m a ny more things fo r con genital spin e deformity 
than h as p rev iously been thought possibl e. 

The fund a mental trea tmen t of congenital scoli osis s till rem ain s 
s tandard cas t correction an d pos te rior spine fu sion a t an early age 
before th e curva ture becomes seve re. In congenit al scoli os is, the severe 
curva tures res is t correc tion a nd , therefore, surge ry mu s t take place 
ea rly. Ea rly fu sion is n ot as harmful in con genital sco li os is as in 
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oth er scoli oses, sin ce th e fu sion a rea ca n be rela tively shorl and 
the anomalous a rea does n ot grow norm a lly a nyway, thu s lakin g away 
th e potentia ll y n ega tive growth effects of surgical arthrodesis. 

Sometimes a four or fi ve level a rthrodesis at the age of .J. or 5 yea rs 
can solYe a curve probl em for life. In such circum stances, il is th e id eal 
thin g to do, thu s avo idin g years and years of brace trea tm ent or 
prog ress ive curva ture. Brace trea tm ent rem ain s rela tive ly poor for 
congenital scoli os is, bein g app li cable only to th ose curves whi ch arc 
long and fl ex ibl e. Short, ri gid cur\'CS should be fused promptly. 

Conge nit a l kyphosis h as been in creas ingly recognized as a very 
dangerous probl em beca use of th e high in cid ence of spinal co rd in volve­
m ent. Stati s ti cs from seve ral centres have indi cated that th e s in gle 
m o ·t co mm on ca use of spinal co rd compress ion due to spine deformity 
(excludin g tubercul os is ) is congenit a l l< yph osis. Il may be ei th er 
congenit a l kyphosis or congenital kyphoscolios is. 

Th e essence of trea tment of thi s dange rous probl em is ea rly recogni­
ti on and ea rly, prompt and abundant post erior fu sion . Once beyond 
50 deg rees of J,yphosis, th ese deformiti es a rc ve ry diffi cult to con·cct 
and to fu se by pos te rior arthrod esis a lone. Over 50 deg rees and beyond 
age fiYe, both anterior and pos terior spine fusion a re required. 

Ant erior spine fusion h as co me to play a very importan t role in any 
neglec ted and diffi cult cases of congenital kyphosis . IL offe rs an 
opportunity not only to obtain a stable arthrodesis, but a lso to do 
ant erior os teo tomy and co rrec t the spin e deformity as well. 

Wh en th e pa tient with congenital kyphosi s develop parapl egia, 
ant e ri or tran sth oracic spin al co rd decompress ion and ant eri or spine 
fusion plu s pos terior spin e fu sion is the procedure of choice. Laminect­
omy mu s t be aYoidcd. 

FiourP \. ..1. C.S. A 14-uear 10-m onlh-o ld girl w ith a 62 ° rigltl thoracic idiopa thic 
srolio.< is. This am ount o f cu m e req uirl's s urgcrr1 and cann ot be treated bu braces. 
1/ . C.S. :!9 m onl/ts f ollowitt (J suroeriJ. Th e curv e has been perman enllu co rrec ted to 
2 \ 0

• J\' f,l c lit e use of both d is tractin g and co ntractin g in strum ents. C. T h e patient 
before s uroeru. D. Th e patient I ucar a ft er surgeru . 

Figurt• :i . • ·1. S .G. A H-u ear-old girl with a 71. 0 right thoracic idiopathic scolios is . 
8 . S.G. A s pin e :t:- ra11 taken lit e dau o f surgery showing correction to 20° 
ulili ~ inrl a Jlrt' nperali v e Risscr cas t and a sinol · dis traction rod. C. S.G. 19 m onths 
afl <' r s ur{l l' riJ. Cum e is solid at 20° . ll er pos lo p f•ra liue cas t was appl ied on th e 6th 
pos lo pernlitJC da11; s he tvas ambu lat ed Oil th e 7/h pos l operaliue dau , was d ischarged 
from 1/w hosp ital on lit e 101/t postoperative dau and return ed to schoo l on th e 

1GI h pos lopera l il!e day. 

27 ACTA OHT II O!'. 4(i, 3 



Figure 6 . . -\. /) . \\'. .-1 I S-ueu r-o ld mule with co n aen i lal l;!J J>h os is, l!uc/; v iew ( tll ll i, •nl 

o f Dr .. lloe's) . B . l .o l ercli s upin e .1:- rau , ku t>hosis 1:!.; 0
, C. l .a lera l s landinu .r- ruu 

1 u enr a fl er s urgeru ( an t erio r releas e, os leolo mu, s ib uraflina // arriny/t)/1 in s ln /1/ll'll ­

/a/ion and halo cas / ). f) , l 'os lerio r IJit' IU I ueur la/er. 



Fiaure 7. A . F.M. A 3- m onllr-o ld infant with a 32° co n genital scolios is du e to an 

unseg m enl rcl ba r. S o le /Ir e s in gle kidrr eu, lt udrourel er ancl lr ucl ron eplrros is. Th ere is 

o !Jslru clion a t th e urelero- ucsicle j un cliou . S he w as serious lu ill with a urin aru 
/ rud infect ion a/ th is lim e, but w as saved bu urel ero plas tu and autibiolic tlt erapu . 

13. F.M. at 11(1<" 2 ucars , 2 m on th s. 1\"o l e th e rap id in creas e in h er scoliosis , n ow 

G.\ 0
• A pos terio r fu s io n wa., do n e• else wh ere nl aac 3. C:. F . .ll. Aac 9 uears. Curv e 

m eas urem ent 7.\ 0
• The~ curue is i'. rl ell!lin(J bo th up ward t o 1' 1 and dow n w ard t o L 3. 

IJ . F . .lf. T w o ucars aft er ant erior w ed(J e os teo tomu at T G am/ L 1 on th e left , f o l­
lowe•cl 2 w ee /; s /ntu !Ju pos terior w ecla c os t co tomu a111 l lt nlo-turn buckle cas t 

co rrect ion . /·.' . F .. ll. Front v iew a t age 9, bef ore suraeru. F . F .M. Front v iew at 
aa e 11 , 2 uears aft er s urgeru . 

2i' 
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Osteo tom y of th e spine or hemi ve rt ehra exc ision ha s been perform ed 
increasingly oft en during th e pas t 5 yea rs. Ind ica tions s till rem ain d if­
fi cult to defin e p recise ly. As an absolut e indi ca tion , ''"edge os teo tomy 
is indica ted in fi xed deformiti es whi ch arc lifc-t rea tcnin g if thi s 
procedure is n ot ca rried out. It is n ot ind ica ted purely as a cosm etic 
procedure. It seem s to be m os t helpful in those p a ti ent s with lumb a r 
h emivertebra \Yhich crea te a m a rked la te ra l t ra nsla ti on of th e thorax 
rela tive to the pelvis. In th ese cases, the h emivcrtebra is u sually in th e 
L 5 a rea, below the conu s, and therefore less dange rous to rem ove. 

Single-s tage ant erior-pos teri or h emivcrt cbra excision has been per­
fo rmed but ca rri es a ve ry hi gh ri sk as the incid en ce of pa ralys is h as 
been three or four limes high er th an with l\Yo-s tagc removal. Therefore, 
the two-stage excision techniqu e as recommended by Lcalherm_an is th e 
procedu re of ch oice if h em ive rl ebra excision is deemed necessary. The 
procedure cons is ts of a n ant erior app roach , either trans thoracic if th e 
h emivertebra is in th e thorac ic spin e or re troperit oneal if it is in the 
lumbar spin e, exc ision of the body po rtion of th e h cmi ve rt cb ra and 
excision of the pedicle. ::\folhing is cl one for 2 weeks, and then th e 
midlin e p os teri or approach is m ade, excising the la min a, rem ainder of 
the pedicl e and th e tran sver se process. The wedge is then closed , 
u suall y by a Ha rrington compress ion assembly, and a fu s ion of th e 
app ropri a te leng th , depend ing on th e n a ture of the curve, is performed . 
Hemiverlebra removal without fu sion is n ot recomm ended. It should 
be unders tood th a t thi s procedure does involve s ignifi cant ri sl<, as 
h em orrh age can be signifi cant and th ere is a lways a ri sk of pa ralys is . 
It sh ould be pe rformed only by indi vid uals ex tremely co mpetent in 
anterior spin al surgery . 

The Ha rrin glon in strum ent s h ave been used fo r congenit a l scoli os is, 
but appea r to ca rry a signifi cant r isk of pa ralys is. Ana lys is of pa raly ti c 
comp lica ti ons f rom Har r ing ton ins t rument a tion s shows th a t a very 
high per centage \Yerc pa tients with congenital sco li os is. It appea rs that 
the spina l co rd is oft en tethered eith er by di as tem a tomyeli a or oth e r 
te thering s tructures and th a t the spin al cord doe not h ave n orm al 
elas ticity . Thus, a rela tive ly high pe rcent age of pa tient s h avi ng h ad 
Harring ton ins trum ent a tion fo r congenit a l scoli os is have had va ry in g 
deg rees of para lys is. Thu s, Ha rrington in str um ents a rc not reco m­
m ended as a m eth od to obt ain co rrec ti on in patient s with congenit a l 
scolios is. Ha rrin gton in s tr umen ts can be u sed , providing co rrection is 
obt a in ed by other m eth ods, either cas t or tracti on and th e Harrin gton 
in s! rum en t is in serted onl y as a suppor ting s tru cture w ith out a lt cmpt 
to ga in fu rthcr correct ion. 
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C. Paralytic scoliosis 

Allhough there h as been a continu ed declin e in the in cid ence of 
poliomyeliti s, there continues to be a s igni fica nt number of polio­
myeliti s pati ent s in the world , and there continues to be a significant 
number of other types of neurologic disorders producing scolios is. The 
m aj or improYement s h ave concerned trea ting pa tient s previously 
thought untrea table because of respira tory in sufficien cy. Thi s h as been 
done through the use of positive r espiratory su pport mech anisms. Thi s 
requires a very soph isti ca ted medical techn ology and the assistance of 
people knowledgeabl e in respiratory man agem ent, pa rti cul arly positive 
pressure and resp ira tor care . 

The methods of correc tion h aYe also improved and the use of halo­
hoop and h alo-femoral trac tion h as given remarkably grea ter co r­
rec tions for eve r0. scoli os is tha n prcYiously th ought possible. Cas t 
correct ion in paralytic patients is of ve ry limit ed usefulness because 
these patients cannot tolera te correc tive cas ts. 

Patients with signifi cant lumba r curves (ove r 60 deg rees ) a rc quite 
oft en benefit ed by a combin ed ant erior and posterior approach using 
hal o-femoral trac ti on to ob ta in the maximum correc ti on , followed by 
Dwyc r instrumen tation anteriorly of th e T 10 or 11 to L 4 a rea , 
foll owed 2 weeks later by posterior fu sion with or withou t Ha rring ton 
ins I rumen tal ion. Thi s has p rovided magni I udes of correc t ion previously 
thought impo sibl c and a very secure internal fixation. The inl crbody 
arthrodesis accompli shed by the Dwyer reduces s ignifi cantl y the 
pse ud a rthrosis problem, but th e need for posterior fu sion in addition 
to the Dwyc r ca nnot be urged s trongly en ough . It is ve ry temp ting to 
feel th a t th e Dwye r procedure antc ri orl y is suffi cient by itself for 
th ese paralytic cun·es, but it is no t. Pos lc1·i or fu sion mu st a lso be 
accomplished nnd is the eas ies t way to obta in lumbosacral fusion. 

Previously, pa ti ent s with pnralytic curves fused to th e sacrum were 
kept in bed fo r a t leas t 6 months and in pla s ter for up to 12 month s. 
\Vith the c new man agement technique , it h as been possible to return 
a patient to an upright nmbulatory po.· ition in a well-fitting cas t or 
moldcd plas ti c brace 2 wee ks a ft er the second opera ti on . This cas t or 
brace in co q lO rat cs only the pelvis and does n ot immobilize either hip 
j oint. 

Thi s program does not totally elimin ate lhe possibility of pseud­
arthro ·is, but pseud a rthrosis h as been n o more frequent under thi s 
prog ra mme th an it h as previously been with a cas t down th e legs and 
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with prolonged bcdres t. The upright position seem s lo s timulat e better 
fusi on m ass and ca n result in u red uced cas t lim e hy stim ul a tin g 
verti cal trabecu la r fo rma tion. The halo-hoop h as of ten been recom­
m ended for paralytic curves, but il carr ies with it a s ign ificant problem 
of making it very difficult lo fu se the lumbosacral a rea when the 
device is in place. It is recommended th a t the co rrection he obt a in ed by 
halo-femoral trac tion if s trong tract ion techniques arc n ecessa ry a nd if 
ambul a tory ca re in the h alo-hoop is des ired, th e pelvic halo sh ould 
be applied approximately 3 \Yecks aft er the ar throdes is. Beca use 
of thi s problem, the h alo-hoop is m os t appli cable to th ose types of 
problems where arthrodesis lo the sacrum is n ot necessa ry. 

Braces h ave con tinued to be u seful in paraly ti c curves providing the 
curve is small and fl exible. Orth oti c trea tment of paralytic scolios is 
is not r ecommen ded for curves above 50 degrees, rigid curves or 
patients over 12 yea rs of age. Arthrodesis is usually preferable in such 
cases. Brace trea tment seldom provides permanent correc tion of the 
curve, but it is quite u se ful for delaying surge ry until the op timal age. 
The l\Iilwaukee brace is most effective for thoracic curves and th e 
molded plas tic brace seems to be the mos t effective for lumbar curves. 

D. Ne urofibromatos is 

Xeurofibrom a tosis continues to remain~ a very troublesome cause of 
spinal deformity. The incidence of pseudarthrosis rem ains high and th e 
incidence of paraplegia is second only to congenital kyph osis ( tubercul­
osis excluded ). Paralysis is most likely to occur in those cases which 
have a kyphotic component in addition lo the scolios is. The Milwaukce 
brace or other braces do n ot appear appropriate sin ce statistical 
analysis of brace-trea ted patients h as shown th em lo be not 
effec tive in controlling the curve. The procedure of choice remain s 
a rthrodesis. There is a more than usual pseudarthrosis rate, and for 
most patients it is recommended that the fusion mass be explored 
6 months after surgery and add itional autogenous bone added rega rd­
less of h ow good the fu sion appears to be at the lime of the exploration . 
A period of 1 yea r in a cast followed by Milwaukcc brace or other brace 
trea tment is recommend ed until the end of growth. Patients with 
neurofibrom atosis appea r to eas ily tolera te correction with halo­
femoral traction, Colrcl trac ti on or halo-hoop trac tion. Harringlon 
ins trumentation in addition to the above fu sion technique is a good 
method for neurofibrom a tosis curves provided the se rious curves have 
previously been corrected by trac ti on techniques . 
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Figure 8. A . A 13-u ear-old bou with a 100° sco liosis du e to cerebral palsu. JJ. in 
halo- f em oral traction , co rrec tion to 42 ° . C. Dau o f Drvu er ins trum entation and 
antaior fu siou , T11 - l.!>. D. On e y ear a ft er posterio r fusi on , T 4 to sacrum with 
Ilarrin gt on instrum entation from T 4 to !. 3 (sh ould have gon e to S 1) . Cu rv e : 18 ° . 

E. A dllli scoliosis 

One of ti1c most interes tin g developments in the past 5 years h as 
been in th e trea tm ent of the ad ult scolioti c. As vario us centres have 
become increasingly proficient in the trea tment of scolios is, large 
numbers of ad ults h ave come to these cen tres with problem related 
to curva ture of the spine. The most frequent compl ai nt appears to be 
pain and thi s is mos t prominent in lumbar curves. Patients with 
thoracic scoli osis a rc bein g seen because of prog ress ion of their curve 
durin g adult life. 

Previous s tat emen ts indi a tin g tha t scol io is does not progress in the 
adult h ave proven to be wrong, and va ri ous r epor ts h ave indicated a 
definite tendency for p rogrc ion in the adu lt , particularly if their 
·urvc arc grea ter th an 50 deg rees at th e end of grow th. 

Thu , an in creasin g number of adu lts arc being trea ted for loss of 
lun g capacity in th oracic cu rves or progressive pain problems in 
lumbar curves. Adults can be trea ted and a solid fu sion obta ined, but it 
is n ot a s easy as in children or adolescents. The compli ca ti on rate is 
higher and such p roblems as wound infect ion, pulmonary embolism, 
urinary tract infection and p cudarthrosis have been significanlly 
higher in almost every scri s reported. 

Never theless, the improved technologies, especially Harrington in-
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s trumentation and Dwyer ins trum enta tion , h ave allowed adult s to 
have surgery previously thou ght impossible. Adults require ambulation 
followin g surgery as they do not tolerat e bedrest well, either physically 
or psychologically. Unfortunately, they require a longer period of 
immobilization to obtain a solid fu sion and are less able to tolerate the 
ex ternal mobiliza tion. Therefo re, it is import ant that they und ers tand 
very ca refull y the length of time involved in trea tm ent program. 

F. Scheuermann's disease 

One of the mos t ignored of or thopaed ic problems has been Scheuer­
mann's disease. In the past 2 yea rs, significant se ries h ave been re­
ported in terms of both surgical as well as brace trea tment. It seems 
apparent that not all patients with Scheuermann's di sease can be 
ignored, as many both n eed and will benefit from trea tment. The hes t 
m ethods of trea tmen t are plaster cas t immobiliza tion and l\ lilwaukee 
brace trea tment ; both require correc tion of the curve and maintena nce 
of the curve in the correc ted position for a minimum of 1 year. By thi s 
time, m an y of the patients with Scheuermann's di sease will have healed 
spontaneously, and can be r em oved gradu all y from support without 
regaining their deformity. Attempts to trea t Scheuermann's disease by 
exercise a lone or by und era rm-level braces h ave universally fail ed. 

Surgical trea tmen t of Scheuermann's disease h as been a tt empt ed, 
but posterior fusion alone for the individual who h as completed growth 
and h as painful Scheuermann's disease has not been successful. The 
posterior fu sion mass is under di straction a nd usually most of the 
correction obta in ed a t the time of surgery is lost. Therefore, most 
centres treating these types of problems have concluded that both 
anterior and posterior arthrodeses are necessary if Scheuermann's 
disease is to be operated upon. Surgery is rarely necessa ry for children 
with Scheuermann's disease since adequa te brace or cast treat ment 
will u sually solve the problem in the g rowin g child. Surgery is 
recommended for the individual who h as completed grow th and has 
a significant amount of pain in the curve area . 

G. Tub erculosis of the spine 

Tubercul osis of the spin e continu es to be a maj or hea lth probl em in 
m any of the less developed a reas of the world. Even in highly civilized 
countries, an occasion al case of tubercu losis of the spin e is s till found 
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a nd the lack of famili arity with it s m anagem ent can crea te probl ems. 
Ve ry cons iderabl e p rog ress h as been m ade in the pas t 10 yea rs in 

l!·ea tin g thi s ancient and diffi cult p roblem. Controlled s tudies in m any 
a reas have indi ca ted th a t a mbul atory trea tm ent with drugs is success­
ful in many cases, but 15- 20 per cent of pa tient s s till h ave unresoh ·ed 
les ions or prog ress ing deformiti es. \Vhen surgica l faciliti es a re ava il­
abl e, i t appea rs mos t reasonabl e to excise the les ion, gra ft bone and 
immobili ze. Thi s, of course, requires an ant erior approach to th e les ion 
by th e trans th oracic rout e. The cos totransversec tom y approach pro­
vides the oppo rtunity to drain an abcess but does n ot all ow adequ a tely 
excisin g a les ion or adequ ately bone g raftin g the spine. 

For pa ti ent s with pa rapa res is or pa rap legia second a ry to tube rculos is 
of the sp in e, the p rocedure of choice is the in s titution of d rugs, stabili­
za tion of the patient's general condition , ant eri or transthorac ic excision 
of th e abscess with decomp ress ion of the spin al cord , p lu s ant erior 
spinal fu s ion . This should he foll owed by pos teri or spin a l fu s ion and 
adequ a te immobiliza tion in a cas t, usually a h a lo cas t for th orac ic 
spine, and a Ri sser cas t for lumba r spin e. Drug trea tm ent alone is not 
recommend ed. 

Drug trea tment alone is indi cat ed for ea rly and mild les ions without 
s ignifi cant collapse of ve rt ebral bodi es. If there is des tru ction of one 
or more ve rt ebra l bodi es, then surgical excis ion in additi on to drugs 
appea rs to be necessa ry. Thus, it is n ot a ma tt er of surgery ve rsus non­
surgery, but se lected pa ti ent s should h ave onl y dru gs a nd others should 
h ave both surgery and drugs. 

Severe fi xed kyphoti c deformiti es h ave been mos t successfull y 
treated in Hong J{ong by ant erior os teo tom y of th e spine, and co r­
rec ti on in hal o-h oop tracti on , pos terior closin g '"edge os teo tom y and 
fu sion, an d th en ant eri or fu sion. This is a long and ex tens i\'e se ries of 
opera ti ons, but truly as toundin g resulls ha\'e been obt ained in pa tient s 
previously cons id ered hopeless. Hopefull y, · the n eed for thi s ext ensi\'e 
·urge ry will be limina ted by a more agg ress iYe trea tm ent of tubercul­
o is in it s ea rly !ages. 
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