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M o t l o c k at the Ontar io Cr ipp led 

Children's Center, T o r o n t o , Canada , has 
proven to be a useful orthosis for chi ldren 
with paralysis f rom the waist d o w n ( 1 ) . 
T h e h ip and knee lock design, however , 
has been difficult to manage , particularly 
in the case o f young chi ldren. 

Because the h ip and knee controls re­
quire use o f bo th hands, the disabled 
chi ld often finds the maneuvers necessary 
to get in and out o f a chair m u c h too dif­
ficult as well as frightening. 

T o sit, the ch i ld must lean b a c k in an 
incl ined posi t ion against the chair , and 
the knee and h ip locks are rotated so that 
bo th joints flex simultaneously and he 
can col lapse into a partially sitting 
posi t ion. T h e simultaneous release o f 
bo th h ip and knee locks is frightening to 
most chi ldren under 10 years o f age . T h e 
h ip and knee lock design also compl ica tes 
the stand-from-sit m o t i o n , since the b o d y 
o f the ch i ld must b e c o m e fully ex tended 
before any locking is possible. A g a i n , this 
locking requires the use o f bo th hands. 
For some chairs, particularly wheel­
chairs, there may be insufficient r o o m o n 
the side to permit rotat ion o f the lock ing 
levers. 

It seemed reasonable to at tempt to de­
sign a system that w o u l d separate the h ip 
and knee l o c k controls , in order to permit 

the chi ld to un lock and flex his hips when 
sitting while the lower por t ion o f the 
b race remains r igid and support ive. T h e 
knees c o u l d be un locked by a subsequent 
act ion. A t the same t ime the new design 
wou ld also a l low both h ip locks and bo th 
knee locks to be released by a single lever 
act ion with the cont ro l possibly loca ted 
o n the child 's dominan t side, thus freeing 
o n e a rm for cont ro l o f ba lance . Lock ing 
c o u l d be m a d e automat ic u p o n 
extension. It was felt that these features 
wou ld simplify the sitting and standing 
maneuvers by al lowing the chi ld to con­
centrate o n o n e locking or un locking ac­
tion at a t ime, while mainta in ing support 
with o n e hand . It was felt that such a fea­
ture wou ld el iminate m u c h o f the fear 
observed when the young disabled chi ld 
attempts to sit o r to stand in the T o r o n t o 
P a r a p o d i u m . 

Des ign 

T h e object ive was to redesign the para­
p o d i u m with independent knee and h ip 
locks, single lever act ion for knee and h ip 
lock release, and au tomat ic lock o n exten­
sion. It was in tended that the lateral 
upright supports be mod i f i ed f rom the 
T o r o n t o design for connec t ion to c o m ­
mercia l ly available hinges. Other c o m p o ­
nents o f the orthosis were to be designed 





Fig. 2. Close-up view o f the hip lock, right side. 
Fig. 3. Close-up view of the knee lock, right side. 
Part of the flexible pull strap attached to the 
superior anterior edge of the pretibial band can be 
seen at the extreme right. 

for fabricat ion in a wel l -equipped or tho­
paed ic shop . 

T h r e e mode l s were constructed. T h e 
fo l lowing descript ion and figures are 
l imited to the third m o d e l . 

T h e redesigned p a r a p o d i u m is shown 
in Figure 1; the patient is 10 years o ld 
and 101 c m tall. 

Details o f the h ip and knee locks are 
shown in Figures 2 and 3. 

T h e hip jo in t assembly (Fig. 2) is based 
o n stainless steel 17B23 Ot to B o c k knee 
joints, right and left outside. These joints 
flex anteriorly when released by anterior 
m o t i o n o f manua l lever " A " . T h e release 
lever, " C " can engage detents at 105 deg, 
145 deg, and 185 deg angles o f f lexion. A 
standard triple-swivel connec t ion , pro­
jec t ing superiorly, is silver-soldered to the 

release lever. A standard cab le with cab le 
housing assembly as used in arm pros­
theses connects to the oppos i te h ip release 
lever through a second triple swivel, so as 
to al low bo th joints to be locked and un­
locked in unison. T h e manua l lever can 
be m o u n t e d o n either the right or left 
side. 

A base b l o c k with bullet ca tch , " B " , 
at tached to the manua l lever, maintains 
the hip joints in the un locked condi t ion 
until the manua l lever is returned to the 
upright posi t ion. This permits the chi ld 
to m o v e a round into a full sitting posit ion 
without the h ip b e c o m i n g re locked . 
Lock ing is au tomat ic u p o n extension to 
the standing posi t ion when the manual 
lever is upright. 

T h e knee joint assembly (Fig. 3) is 



Fig. 4. Initiating the sitting maneuver. The hip 
locks are released while weight remains supported 
by the orthosis. 

Fig. 5. When seated, the knee locks are released by 
a slight rotation of the pretibial band provided by 
a pull on the strap on the anterior surface. 

based o n stainless steel 17B23 Ot to B o c k 
knee joints , right and left outside, in­
verted to flex posteriorly. A pretibial 
b a n d o f a l uminum 3.175 c m wide l ined 
with Plastizote knee blocks , pivots o n 
1 0 / 3 2 stainless steel screws and bear ing 
sleeve, " X " . T h e J-shaped locking lever 
rides o n a trip screw to release the knee 
lock when the strap loca ted o n the an­
terior aspect o f the pretibial b a n d is 
pul led upward (Fig. 1) . Spring load ing 
relocks the system u p o n full extension. 

T h e pelvic b a n d is T 3 2 0 2 3 a luminum 
1.6 m m thick, with a 6.35 m m Plastizote 
lining. V e l c r o is used for the chest strap 
closure. 

Lateral uprights are 16 or 20 m m x 4 
m m stainless steel o r a luminum, depend­
ing o n patient strength and size. Growth 
adjustment is in 1.5 c m increments for a 
7 c m range, with 8 / 3 2 screws for f ixation. 
T h e base supports for the lateral uprights 

are shaped f rom T 3 2 0 2 4 angle a l u m i n u m 
76.2 x 101.6 x 9.5 m m stock. 

T h e knee extension assist bar is m a d e 
f rom te lescoping 11.9 and 12.7 m m 
a luminum tubing, and using 6 m m d iam­
eter cords to maintain tensions for re­
turning the assembly to its or iginal posi­
t ion. T h e at tachment b l o c k is shaped 
f rom 25 x 90 m m a luminum bar stock. 

T h e foot plate is T 3 2 0 2 4 a luminum 
plate, 2 .2 m m thick. T h e plantar surface 
is covered with l ino leum to reduce fric­
t ion over carpets. 

O p e r a t i o n 

Figures 4 th rough 7 are views o f the 
critical stages in the maneuvers f rom 
standing to sitting and f rom sitting to 
standing. In Figure 4 the ch i ld has ap­
p r o a c h e d the chair , turned, and using 
o n e hand , has r emoved the manua l h ip 



Fig. 6. Beginning the standing maneuver. The 
knee extension assist bar is used to secure the knee 
locks. Fig. 7. The standing maneuver is completed by 

extending the hip to the point where the lock 
engages automatically. 

release lever forward (Fig. 2 ) . In this posi­
t ion, the h ip locks are released while the 
knee locks remain secured. T h e child 's 
weight is suppor ted by the orthosis as l ong 
as his center o f gravity is not m o v e d for­
ward . Both arms are posi t ioned in this 
figure for lifting his weight on to the seat. 
W h e n the patient is stable o n the seat 
(Fig. 5 ) , a pull o n a flexible strap l o o p 
c o n n e c t e d to the pretibial b a n d (Fig. 3) 
releases the knee lock , and the sitting 
m o t i o n is c o m p l e t e d . 

T o regain the standing posi t ion, the 
chi ld initially extends his knees by pul l ing 
b a c k o n the knee extension assist bar (Fig. 
6) until the knee lock clicks into posi t ion. 
T h e chi ld can then roll over and o f f the 
seat, again with the lower por t ion o f the 
orthosis p rov id ing full support for b o d y 
weight . If the h ip release lever is n o w re­
turned to its or iginal posit ion, the ch i ld 
can push upright with bo th arms (Fig. 7) 
to secure the h ip locks automatical ly . 

T h e tension adjustments for the h ip 
and knee locks were found to be critical 

for the youngest patients, and required 
individual fitting. This was not a p r o b ­
lem for the o lder chi ldren. S o m e special 
training in the use o f the redesigned para­
p o d i u m is indicated, o r a self-taught skill 
may have to b e relearned. 

T h e lateral uprights in this design per­
mit some lateral m o t i o n dur ing swivel 
gait . Th i s flexibility appears to aid for­
ward m o t i o n . 

T h e weight o f the new design is esti­
m a t e d to be about 10 percent greater 
than the T o r o n t o Pa rapod ium. 

Resul ts 

C A S E S T U D Y I 

T h e first chi ld to wear the redesigned 
p a r a p o d i u m , J .N. , was a girl o f three 
with a diagnosis o f approximate ly T - 1 2 
level m e n i n g o m y e l o c e l e . She had worn a 
T o r o n t o p a r a p o d i u m since the age o f 10 
months . Fol lowing fitting in the rede­
signed p a r a p o d i u m , J .N. received some 



special instruction o n the use o f the locks 
but then resumed a no rma l therapy 
schedule, which consisted o f a r e v a l u a ­
t ion o n c e a m o n t h and a task assignment 
to b e carr ied out at h o m e . After o n e 
mon th , J .N. c o u l d get to a sitting posi t ion 
in a chair and b a c k to standing with 
min ima l assistance. S o m e adjustment o f 
the tension o n the h ip and knee locks was 
needed . Fol lowing these adjustments and 
another m o n t h o f prac t ice , J .N. was able 
to sit and stand independent ly . Her 
mother , in fact, repor ted that she often 
wou ld get in and out o f her " T V " chair at 
h o m e without he lp . W i t h the original de­
sign she had been unable to even begin 
this task o f sitting una ided . 

C A S E S T U D Y II 

T h e second chi ld fitted with the new 
lock design was K . Z . , a 10-year-old boy , 
d iagnosed m e n i n g o m y e l o c e l e approxi ­
mately at the T - 1 2 level. H e had worn a 
T o r o n t o P a r a p o d i u m since the age o f 
four . After working with his mo the r with­
out any special instruction over a pe r iod 
o f several weeks, K . Z . had learned bo th 
to sit and m o v e to a standing posi t ion 
f rom a chair independent ly , using only a 
desk for a d d e d support . Th i s new free­
d o m o f getting u p and d o w n f rom a chair 
t r iggered the learning o f several o ther ac­
tivities o f which K . Z . had previously been 
frightened. H e began an independent 
swivel gait without an assistive device and 
deve loped a m u c h m o r e conf ident swing 
gait . K . Z . received further training f rom 
his physical therapist at school , and is 
learning to sit and stand without a desk. 
H e does this with min imal assistance. H e 
can also m o v e in and out o f his wheel­
chair unassisted. 

C A S E S T U D Y III 

T h e third chi ld to receive the new de­
sign was A . C . , eight years o f age. She h a d 
worn the T o r o n t o Pa rapod ium since the 
age o f three o r four . She h a d a diagnosis 
o f men ingomye loce l e o f fairly high level. 
A . C . had previously been unable to 
m a n a g e the locks o n her T o r o n t o Para­
p o d i u m for the sitting or standing 
maneuvers . After fitting with the rede­
signed orthosis and some special instruc­
t ion in the use o f these new locks, A . C . 
con t inued her regular physical therapy 
schedule o f one -hour sessions twice a 
week in the special school she at tended. 
O f the three chi ldren p l aced in the b race 
u p to this point , A . C . had the weakest 
upper l imbs . She had some success in un­
lock ing to sit, but h a d a great deal o f dif­
ficulty using the extension assist in 
preparat ion for standing. A . C . wore the 
new Pa rapod ium for several months be­
fore entering the hospital for surgery. A t 
this point she died unexpectedly . 

C A S E S T U D Y IV 

J .D. , the fourth chi ld to be fitted with 
the new lock design, was three-years o ld 
with m e n i n g o m y e l o c e l e at approximate ly 
the L-3 level, and had worn her T o r o n t o 
Pa rapod ium since approximate ly o n e 
year o f age. She had d o n e well in all 
b race activities but h a d f o u n d sitting and 
standing difficult . After some specific 
training, J .D . also resumed her regular 
physical therepy training schedule o f 
once -a -mon th sessions. She has worn the 
redesigned p a r a p o d i u m for approx ima­
tely three months , and can n o w sit and 
stand with min imal assistance. She still 
has some difficulty with the tensions o n 
the knee lock and handl ing o f the exten­
sion assist, but is improv ing . 



C o n c l u s i o n s 

T h e objectives o f the alternate Para­
p o d i u m design were accompl i shed in the 
construct ion o f three pro to type units. 
These have been fitted successfully to 
young patients for evaluat ion. Prelimi­
nary observations indicate that in all 
cases, the patients were able to pe r fo rm 
sitting and standing maneuvers when pre­
viously they had been unable or fearful to 
d o so. D e p e n d i n g o n age and degree o f 
disability, the three surviving chi ldren de­
ve loped the skill for sitting and standing 
that was superior to that previously ac­
compl i shed . In some cases this new "free­
d o m " led to increased conf idence and 
skill in other areas. 

It appears, therefore, that addi t ional 
study and use o f the redesigned Parapo­
d i u m is justified. 

A c k n o w l e d g m e n t 

This report describes the work and 
contr ibut ions o f the m e m b e r s o f the Bio­

mechan ics G r o u p o f the Birth Defects 
Cl in ic , Depar tment o f Pediatrics, School 
o f Med ic ine and Dentistry, University o f 
Rochester , Rochester , N e w Y o r k 14642. 

Partial support for this work is f rom a 
grant by the J . M . M c D o n a l d Founda t ion , 
Cor t land, N e w Y o r k . 

References 

1. Motlock, W . M . , "The Parapodium: an or­
thotic device for neuromuscular disorders", Artif. 
Limbs, 15(2):36-47, 1971. 

Footnotes 
1Rochester Orthopedic Laboratories, Inc. Roches­
ter, New York 14618 
2Birth Defects Clinic, Department of Pediatrics 
University of Rochester, Rochester, New York 
14642 
3Department of Electrical Engineering University 
of Rochester, Rochester, New York 14627 


