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INTRODUCTION 
T h e ind iv idua l needs o f pa t ien ts re­

q u i r i n g knee -ank le - foo t o r t h o s e s w i t h 
locked k n e e jo in t s a n d the a t tempts of orthotists to mee t these needs has y i e lded an 
array o f devices all de s igned to a c c o m ­
pl i sh a l ike goal : the voluntary lock ing 
a n d r e l e a s i n g o f t h e o r t h o t i c k n e e 
jo in t . T h e commerc ia l ly avai lable locking 
m e c h a n i s m s to date share the unfor tunate 
character is t ic of r equ i r ing an uncont ro l led 
and often greater than des i red a m o u n t o f 
force to re lease the k n e e uni t for f lexion. 
T h o u g h m a n y sys t ems reduce the mag­
n i tude of force v ia a first o r s e c o n d class 
level sys t em, o r b y pai r ing d i s s imi la r sur­
face mater ia ls b e t w e e n the lock and j o i n t , 
the o u t c o m e often falls short o f g iv ing the 
w e a r e r i n d e p e n d e n t a n d s p o n t a n e o u s 
control o f the o r thos i s . 

T h e ch i ld w h o can ' t b e cons tant ly m o n i ­
tored b y an adult and has n o " h e l p i n g 
h a n d s " readi ly ava i lab le to ass is t in the 
often difficult task o f lock ing and un lock­
ing the knee j o i n t s , wil l invar iab ly e n ­
coun te r r es i s t ance in per forming a dai ly 
rou t ine . There fore , an al ternate des ign o f 
knee lock that offers adequa te s tabi l i ty 

w h e n locked b u t requ i res a m i n i m u m ef­
fort to control can g ive the ch i ld us ing an 
or thos is a funct ional i n d e p e n d e n c e h e 
migh t o the rwise b e den ied . 

DESCRIPTION OF THE 
SYSTEM 

T h e k n e e jo in t lock ing sys t em is c o m ­
p o s e d o f two steel pla tes b r idged toge ther 
b y three an ter ior and two pos te r io r o n e -
e igh th inch d iamete r s teel dowe l p ins . 
Each p in serves as a shaft for a quar te r inch 
d iamete r roller bea r i ng m a d e of h a r d e n e d 
steel . V i e w e d in the frontal p lane a n d in the 
locked pos i t i on the Rol ler Bea r ing D r o p 
L o c k rests at the distal e n d o f the p rox ima l 
upr ight , jus t super io r to the m e c h a n i c a l 
jo in t axis . T h e roller bea r ings are ho r i zon­
tal a n d the s ide plates appear ver t ical . A n 
an te ro-super ior sec t ion o f the distal up­
r ight ex tends a b o v e the j o in t axis a n d 
serves as the lever a rm for the two antero-distal roller bea r ings to rest aga ins t . T h e 
r e m a i n i n g antero-proximal bea r ing re­
m a i n s in contac t w i th the an ter ior surface 
o f the p rox imal upr ight , w h i l e the two 



Figures 1, 2, and 3. Roller bearing drop lock. Figure 1: anterior view; Figure 2: lateral view; Figure 3: posterior 
view. 

pos te r ior bea r ings b r idge across the pos te ­
r ior surface of the upr ight (Figures 1, 
2 a n d 3 ) . 

RATIONALE FOR DESIGN 
T h i s des ign o f drop lock p rov ides an ex ­

t remely s table locked pos i t ion as the lever 
arm of the distal upr igh t appl ies a hor i ­
zontal ly d i rec ted force agains t the roller 
b e a r i n g s w h i c h on ly travel ver t ica l ly . 
W h e n re leas ing the k n e e jo in t for f lexion, 
the roller bea r ings greatly reduce the 
a m o u n t o f res i s tance incurred b y force 
appl ied through the lever arm. D u e to the 
des ign of the roller bea r i ng drop lock 
( R . B . D . L . ) , s l id ing friction is replaced b y 
rol l ing friction w h e r e the anter ior por t ions 
o f the p rox imal a n d dis tal upr igh ts a n d the 
pos te r io r por t ion of t he p rox imal upr ight 
have contac t w i th the roller bea r ings . T h e 
advantage o f such a sys tem can b e i l lus­
trated so : 

T h i s fundamenta l e q u a t i o n expresses a re­
la t ionsh ip b e t w e e n the force r equ i red to 
m o v e the drop lock (F) and the pe rpend i ­
cular force res is t ing mo t ion (N) . T h e G r e e k 
let ter u. (mu) represen ts the coeff ic ient o f 
friction and is def ined as the rat io: 

T h e impor t ance o f this re la t ionsh ip b e ­
c o m e s apparen t w h e n the averages for u 
are g iven for s l id ing and roll ing fr ict ion: 

S l id ing fr ict ion for s teel 
on steel 0 .180 

Rol l ing friction for b e a r i n g 
on steel 0 .002 

and the forces at w o r k are e luc ida ted (Fig­
ure 4 ) . 

F rom this obse rva t ion it b e c o m e s apparent 
that g iven any r easonab le force N , the 
m a g n i t u d e of force F to o v e r p o w e r the re­
s i s t ance is cons i s ten t ly reduced . 



Figure 4 . Schematic of roller bearing drop 
lock illustrating forces F and N and their re­
spective vectors. 

CASE STUDY 
J . R . w a s d i a g n o s e d as h a v i n g Duchenne's Muscu la r Dys t rophy in 1981 at the 

age o f four years . At th is t ime h e exh ib i t ed 
difficulty w i th gross and f ine mo to r skil ls , a 
pos i t ive G o w e r ' s s ign , and genera l c lumsi ­
ness in h i s gait . T h e r e was no s ignif icant 
decrease in musc le s t rength unt i l Apr i l , 
1982 w h e n h e b e g a n to exh ib i t i nc reased 
lordos is , decreased s t rength in the rotator 
cuff and in the h ip musc le groups . T h e s e 
w e a k n e s s e s w e r e mos t ev iden t w h e n J . R . 
wou ld r ise from the floor to a s t and ing 
pos i t ion . H e also w a l k e d wi th an external ly 
rotated and abduc ted gait pat tern. In O c t o ­
b e r of 1983 J .R . b e g a n hav ing difficulty as­
cend ing and de scend ing s teps . Bo th quad­
r iceps w e r e graded poor , and h e appeared 
to exh ib i t s o m e mi ld trunk instabi l i ty . Gr ip 
eva lua t ions w e r e m a d e wi th a L a m a r Dynanometer. His left hand m e a s u r e d two 

pounds and h i s r ight h a n d measu red three 
p o u n d s gr ip s t rength . 

B i l a t e r a l k n e e - a n k l e - f o o t o r t h o s e s 
( K A F O ' s ) were p resc r ibed in N o v e m b e r o f 
1983 to a id and prolong J . R . ' s ambu la t ion . 
Each or thos i s incorpora ted bi la teral drop 
locks that were control led by a connec t i ng 
cable w i t h i n a hous ing . T h e cable h o u s i n g s 
ran vert ical ly up the media l and lateral up­
r ights w h e r e the cable w a s e x p o s e d across 
the anter ior aspect of the th igh . Pul l ing up 
o n the cab le elevated the drop locks and 
a l lowed k n e e f lexion. Th i s sys tem p o s e d a 
funct ional difficulty for J . R . because o f h i s 
gr ip s t rength and precar ious t runk ba l ­
ance . Later , the grip m e c h a n i s m s w e r e 
modi f i ed , bu t the s t rength requ i red to op ­
erate the locks still d e n i e d J . R . the conven i ­
ence of i ndependen t funct ion. A s ing le 
roller bea r ing was t r ied o n each anterodistal sec t ion of the drop locks and h e w a s able 



to cont ro l this lock ing sys t em, b u t in ter ­
mi t t en t b i n d i n g con t inued to occur . 

In 1984 n e w o r thoses were p resc r ibed 
due to growth , and a m o r e radical approach 
to reduc ing the a m o u n t of s t rength re ­
qu i r ed to control the knee j o in t s w a s de­
c ided upon , so the R B D L s w e r e incorpo­
rated in the o r thoses . To date , J . R . ha s ex­
h i b i t e d comple te au tonomy in lock ing and 
un lock ing h i s K A F O ' s . The re is n o longer 
any doub t o f w h e t h e r h i s k n e e lock wil l 
re lease th i s t ime . 

SUMMARY 
T h i s pape r p resen ts a typical p r o b l e m 

encoun te red b y or thot is ts w h o h a v e a great 
deal o f exposure in pediat r ic or thot ics . 
C o n v e n t i o n a l knee lock ing sys t ems often 

r e q u i r e h i g h l y v a r i a b l e a m o u n t s o f 
s t rength to opera te successful ly on a dai ly 
b a s i s . M a n y ch i ld ren (and s o m e adults) do 
no t posses s the s t rength o r adro i tness to 
deal w i t h t he se unpred ic t ab le and often 
stressful lock sys t ems . Such p rob l ems can 
b e avo ided in o r tho t ics , a n d do ing so can 
offer the ch i ld us ing an or thos is a greater 
au tonomy, and reduce the s tress a n d frus­
t ra t ion assoc ia ted wi th ex tens ive b rac ing . 
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