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T he spina bif ida chi ld who has an in­
tact l u m b a r neurosegment at the 

L3-4 level without distal m o t o r funct ion 
has a high risk o f h ip dis locat ion dur ing 
the first year o f life because the h ip flex­
ors and adductors are not ba l anced by 
h ip extensors and abductors . These chil­
dren have funct ioning quadr iceps , and 
when this set o f muscles develops suffi­
cient strength, the patient has potential 
for ambula t ion . There fo re every effort 
should be m a d e to mainta in h ip reduc­
tion for better mechan ica l support and 
gait eff iciency. 

Neurosegmenta l lesions be low L4 m a y 
also result in h ip subluxat ion that p ro ­
gresses to dislocation, and should thus b e 
r educed . Lesions above L 2 with only h ip 
flexors and h ip adductors and without a 
funct ioning quadr iceps , and those w h o 
have little o r n o h ip muscle activity d o 
not require operat ive h ip reduct ions, es­
pecial ly when the cond i t ion is bilateral. 
T h e degree o f ambula t ion is necessarily 
l imited, and whether the hips are re­
d u c e d o r dis located has not been d e m o n ­
strated to inf luence eventual gait perfor­
m a n c e . 

A t the Birth Defects Center at the Uni­
versity o f Rochester , we are fo l lowing 95 
chi ldren with spina bif ida, as a multidisciplinary team effort. Or thopaed ics is in­
volved, often pr ior to back closure, in the 
initial comprehens ive evaluation. A c o m ­
plete examina t ion is pe r fo rmed with spe­
cial emphasis o n the musculoskeletal sys­
tem. Funct ioning muscle g roups in the 
lower l imbs and any significant spinal, 
h ip , knee or foot deformities are d o c u ­
men ted . 

Serial cast cor rec t ion o f foot deformi­
ties is begun when the patient is first seen. 
Physical therapy is initiated and parents 
are given specific instruction for exercise 
o f the hips, knees, and feet. Faradic mus­
cle st imulation is pe r fo rmed early in de­
terminat ion o f baseline data, and is re­
pea ted at pe r iod ic intervals. 

Th i s article is a prel iminary report o n 
the use o f a new variable abduc t ion h ip , 
knee, ankle, foot orthosis ( H K A F O ) in six 
spina bif ida patients. 

T h e orthosis was designed originally 
because there was no adequate p r o g r a m 
for mainta in ing h ip reduct ion without 
p r o d u c i n g resistant h ip f lex ion-abduc-



Fig. 1. Variable abduction HKAFO in neutral po­
sition showing Velcro foot plates. 

Fig. 2. Side view of variable abduction HKAFO in 
neutral position. Note variable hip position joint, 
drop lock knee, and 45-deg. knee flexion stop. 

t ion contractures . O u r hypothesis is that 
h ip a l i gnment can alternate between the 
reduced a n d adducted-ex tended position 
to accompl i sh reduct ion a n d prevent flex­
ion-abduct ion contractures . 

T h e orthosis (Figs. 1 & 2 ) has bilateral 
uprights which are at tached to a Plexi­
glass or po lypropylene b a c k support . T h e 
h ip posit ion is control led by a bi-direc­
t ional stainless steel h inge with pre-set an­
gles (Figs. 3 & 4 ) . T h i g h a n d calf sup­
ports are m a d e f rom either sheepskin or 
K y d e x l ined with Pelite f o a m . V e l c r o 
straps are used to restrain the legs. N o 
p e r m a n e n t p a d d i n g is used o n the back 
support in order to avoid soilage p r o b ­
lems . T h e knee joints are the single axis 
type with d r o p locks that al low flexion 

from 0 to 4 5 deg . T h e lateral bars are at­
tached to a polypropylene foot piece. 
A n k l e joints are not provided . T h e shoes 
are a t tached to the footplate with Ve l cro 
tape . 

T h e entire orthosis can be converted 
into a s tanding brace by at taching it to a 
p lywood f r a m e with m e t a l uprights that 
ho ld the b a c k port ion rigid. T h i s f r a m e 
m a y be used prior to the age that they c a n 
satisfactorily use a m o r e convent ional 
s tanding brace or P a r a p o d i u m . 



Fig. 3. Anterior view of the variable abduction H K A F O showing flexion, abduction, and internal rotation 
features. The exact position is determined by the clinical examination. 

Fig. 4. Lateral view of flexion, abduction, and internal rotation o f the variable abduction H K A F O . Note 
hip lock tab is now down. 



Pat ient Mate r i a l 

1. K . P . (97-39-49) , is a 13-month-o ld 
white female with a lumbar men ingo ­
myeloce le and an L4-5 neurosegment 
level who underwent back closure o n the 
third day o f life. At three months o f age, 
right h ip subluxat ion was noted and the 
variable abduc t ion H K A F O was fitted. 
Initially, she was in the orthosis for 16 
hours in the flexed abduc ted and intern­
ally rotated posit ion and then four hours 
in the neutral posi t ion and four hours out 
o f the orthosis. She began Pa rapod ium 
ambula t ions at 13 months o f age, but has 
con t inued to use the variable abduc t ion 
H K A F O for 15 hours per day in the 
f lexed posi t ion. She will require hip sta­
bil ization surgery to maintain reduct ion . 

C o m m e n t : T h e hips have been main­
tained in a r educed concent r ic posi t ion 
dur ing the t ime the variable abduc t ion 
H K A F O was ued. However , she will re­
quire h ip muscle stabilization for mainte­
nance o f reduct ion . Use o f the orthosis 
has delayed the immedia te need for h ip 
surgery and has a l lowed her to g r o w . 

2 . B . I . (98 -01-32) , is a five-month-old 
white ma le with a l u m b a r m e n i n g o m y e ­
loce le and a partially intact L3-4 neuro­
segment level. H e underwent b a c k c lo ­
sure o n the third day o f life. A t birth he 
had bilateral 30-deg . h ip f lexion contrac­
tures. H i p abduc t ion was 30 deg . bilat­
erally. A t three weeks o f age, subluxat ion 
o f the left h ip was no ted radiographically, and at five weeks the variable abduc­
tion H K A F O was o rde red but was not 
used due to religious conf l ic t . A t five 
mon ths o f age passive abduc t ion had in­
creased to 80 deg . and there was no h ip 
subluxabil i ty. H e was fitted with the vari­
able abduc t ion H K A F O and a f lexed p o ­
sition was main ta ined for 15 hours per 
day . 

C o m m e n t : T h e hips remained r educed 
in spite o f his not using the orthosis ini­

tially. A b d u c t i o n will be con t inued at 
night, and he has been fitted for a Para­
p o d i u m . 

3. J . D . (93-72-57) , is a two-year-old 
white female with a l umbar men ingo­
myeloce le and an intact L3-4 neuroseg­
ment level whose b a c k was closed at two 
days o f age . T h e variable abduc t ion 
H K A F O was started initially when she 
was seen and the f lexed posit ion was 
main ta ined for 16 hours, the neutral for 
four hours , and for four hours no orthosis 
was used. A t 13 months o f age she sus­
tained a right femoral fracture, and the 
variable abduc t ion H K A F O was used as 
an external splint in the ex tended posi­
tion until heal ing was no ted . A t 15 
months o f age the right h ip , and at 20 
months o f age the left h ip no ted to be 
subluxed radiographical ly . T h e variable 
abduc t ion H K A F O was used at night in 
the f lexed posi t ion and was at tached to a 
standing brace dur ing the dayt ime. A t 
two years o f age she underwent bilateral 
h ip stabilization procedures consisting o f 
adduc to r transfer, external ob l i que 
transfers, and varus derotat ional femoral 
os teotomies . 

C o m m e n t : She is using the Pa rado ium 
n o w and has active h ip abduc t ion . T h e 
hips are reduced and are well main­
tained. 

4 . S.J. (91 -73-74) , is a three and a 
half-year-old white ma le with a l umbar 
men ingomye loce l e and an intact L3-4 
neurosegment level. He had a left h ip dis­
loca t ion at bir th. A n abduc t ion splint 
was used initially, which mainta ined the 
reduct ion , but an abduc t ion contracture 
deve loped pr ior to the deve lopment o f the 
variable H K A F O . A t six months o f age 
the variable abduc t ion H K A F O was 
fitted and used in the f lexed posit ion for 
16 hours , neutral for four hours, and out 
o f the orthosis for four hours per day. 
T h e abduc t ion contracture gradual ly re­
gressed. H e began ambula t ion with a 



Fig. 5. Four-week-old patient in the variable ab­
duction HKAFO. 

Fig. 6. Lateral view of the patient shown in Figure 
5. The sheepskin padding protects the skin from 
excessive pressure. 

Parapod ium at 15 months o f age, and 
right h ip subluxat ion was no ted at 20 
months o f age. T h e variable abduc t ion 
H K A F O was used only at night . H e 
underwent bilateral varus derotat ional 
femoral os teotomies at 27 months o f age. 
Pos topera t ive ly the variable abduc t ion 
H K A F O was used in the flexed posit ion 
for 12 hours, seven hours in the neutral, 
and five hours out o f the orthosis per day. 
At three years o f age the internal f ixation 
devices were r e m o v e d and the variable 
abduc t ion H K A F O was used at night 
with Pa rapod ium use dur ing the day­
t ime. His latest X-rays demonstrate left 
hip subluxat ion. 

C o m m e n t : T h e orthosis held his hips in 
the reduced posi t ion. However , left h ip 
reduct ion c o u l d not be mainta ined . H e 
will require h ip stabilization surgery. 

5. B . M . (95-50-77) , is a two-year-old 
white ma le with a lumbar m e n i n g o m y e ­
locele and an intact L 4 neurosegment 
level w h o had early b a c k closure and re­
quired a V P shunt at four weeks o f age. 
H e underwent bilateral posterior foot re­
leases at three months o f age. He began 
using the variable abduc t ion H K A F O at 
seven months o f age for 14 hours in the 
f lexed posi t ion, three hours in the neu­
tral posi t ion, and seven hours out o f the 
orthosis per day at which t ime he was us­
ing his P a r a p o d i u m . A t 20 months o f age 



Fig. 7. Anterior view of the patient shown in Figure 5 with flexion at 30 deg., abduction at 45 deg., and in­
ternal rotation at 15 deg. Sheepskin posteriorly can be removed for cleaning. 

Fig. 8. Lateral view of patient shown in Figure 5. The 45-deg. knee flexion stop allows a natural position. 

he had rec iprocal gait . H ip abduc t ion 
was to 25 deg . passively, and he is pres­
ently using the variable abduc t ion 
H K A F O in the flexed posit ion for night­
t ime and nap use. T h e remainder o f the 

t ime he is either using his Pa rapod ium or 
has no restraints. 

C o m m e n t : N o h ip surgery is p lanned . 
H ip reduct ion has been mainta ined . 



6. J.S. (101-64-19) , is a 10-week-old 
white female with a l umbar meningo-myelecele and an intact L3-4 neurosegment level w h o underwent b a c k closure 
within 24 hours o f birth. T h e left h ip 
c o u l d be subluxed . She h a d bilateral cal­
caneal foot deformities due to u n o p p o s e d 
anterior tibial activity. Splinting o f the 
foot deformities was started. T h e variable 
abduc t ion H K A F O was appl ied at four 
weeks o f age (45 deg . abduc t ion , 15 deg . 
internal rotat ion, and 30 deg . f lex ion) . 
(Figs. 5, 6, 7, 8 ) . T h e f lexed posi t ion was 
used for 16 hours, neutral for four hours, 
and the orthosis was left o f f for four 
hours . 

C o m m e n t : She has a subluxable left 
h ip and will p robab ly sublux her right 
h ip . It is too early to evaluate the results 
o f the orthosis. Her hips should b e re­
d u c e d and main ta ined as she is potential­
ly a c o m m u n i t y ambula to r . 

Discuss ion 

Th i s is a report o f ou r first attempts at 
early external h ip stabilization by using a 
variable abduc t ion h ip , knee, ankle, foot 
orthosis. T h e neuro log ica l level can be 
well d o c u m e n t e d soon after birth, and 
the predic t ion o f h ip instability anti­
c ipated, especially in those cases where 
the L3-4 neurosegment level is intact . I f 
the posi t ion o f h ip reduct ion can b e 
main ta ined early in life, the need for sur­
gery m a y b e prevented o r de layed until 
the chi ld is o lder and the ana tomica l 
structures are o f m o r e substantial size. 

T h e reason for varying the h ip posi t ion 
is to avoid f ixed h ip f lex ion-abduc t ion 
contractures, which w o u l d m a k e Para­
p o d i u m standing impossible without fur­
ther surgical releases. H i p spica casts, 
harnesses, and static abduc t ion splints 
are used effectively for the ch i ld with h ip 
dysplasia in the absence o f muscle imbal­
ance . Chi ldren with h ip muscle imbal ­
ance secondary to spina bif ida d o not tol­
erate l o n g per iods o f t ime in o n e posi t ion. 

T h e exact degree o f h ip posi t ion is de­
termined by the cl inical and radio­
graph ic examina t ion o f m a x i m u m hip 
stability. Th i s is usally 30 to 45 d e g . flex­
ion , 30 deg . abduc t ion , and 10-15 deg . 
internal rotat ion. W e have used an initial 
p r o g r a m o f 16 hours f lexed and ab­
duc ted , 4 hours in neutral and 4 hours 
ou t o f the orthosis. T h e t iming has been 
empir ica l , the flexed and abduc ted posi­
tions be ing main ta ined to the point where 
they can just be reversed by the neutral 
posi t ion. T h e orthosis m a y be used effec­
tively even when casts o r splints are ap­
pl ied for foo t cor rec t ion . W e strive to p o ­
sition these chi ldren upright in the Para­
p o d i u m at approximate ly 12 to 15 
months o f age , which is the t ime the nor­
m a l chi ld is beg inn ing to stand and walk. 
W e w o u l d like to have the majo r surgical 
p rocedures , especially to the hips and 
feet, c o m p l e t e d as soon as possible to 
avo id repeated hospitalizations. 

S u m m a r y 

This is an initial report o f six patients 
with l u m b a r men ingomye loce l e w h o have 
been treated with a variable abduc t ion 
H K A F O as part o f their early c o m p r e ­
hensive therapy. It is too early to tell 
whether this will have a significant effect 
o n prevent ing or delaying h ip surgery, 
and further fo l low-up is currently be ing 
carr ied ou t . Our ma in object ive is to 
mainta in h ip reduct ion in those patients 
w h o will b e functional c o m m u n i t y a m b u ­
lators (intact L3-4 neurosegment level) , 
without in t roduc ing further c o m p l i c a ­
tions (h ip f lex ion-abduc t ion cont rac­
tures). 
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