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INTRODUCTION 
It is the in ten t ion o f the authors o f th is 

pape r to in t roduce a revolu t ionary n e w 
foot dev ice w h i c h m a y b e e m p l o y e d as a 
p r imary o r adjunct ive m e t h o d o f t rea tment 
for a myr iad of painful foot and leg cond i 
t ions . T h e T U L I ' s dynamic hee l c u p is the 
cu lmina t ion o f three yea rs ' deve lopmenta l 
research and cl inical expe r imen ta t ion di
rec ted towards r educ ing the p h e n o m e n o n 
of shock at hee l s t r ike . 

D u r i n g the evolu t ionary p rocess , pr i 
mates unde rwen t n u m e r o u s phys io log ic 
changes in a relat ively shor t pe r iod o f t ime . 
In an arboreal ex i s t ence , b o d y l ocomot ion 
is d i s t r ibu ted to b o t h the uppe r and lower 
ex t remi t i e s , often w i th the former p lay ing 
the d o m i n a n t ro le . As pr imates evo lved to 
a terrestr ial ex i s t ence , b i p e d i s m rep laced 
quad r iped i sm. " T h u s , w i t h the en t i re 
funct ion o f b o d y locomot ion t ransferred 
u p o n the lower ex t remi t i e s , not on ly were 
they [ the lower ex t remi t ies ] r equ i r ed to a s 
s u m e all o f the s tress o f b o d y w e i g h t , b u t 
also they h a d b e c o m e adapted to ma in t a in 
the vert ical pos tu re o f the b o d y in s tab le 
e q u i l i b r i u m over a great ly r educed area o f 
g round s u p p o r t . " 1 

T h e n u m e r o u s m u s c u l o s k e l e t a l func
t ional ly-adapt ive c h a n g e s that took place 
in the foot, leg, pelvis, and spine , m a y in n o 

uncer ta in t e rms b e a t t r ibu ted to the reac
t ive forces o f gravi ty and the perfec t ion o f 
locomotory advan tage . W e are all aware o f 
the b o d y ' s effort in i ts marve lous adapta
t ion to reduce the forces o f shock t rans
mi t t ed through the lower ex t remi t ies dur
ing ambula t ion . T h e s e adapta t ions range 
from the deve lopmen t o f accentua ted m u s 
cular dece lera t ion to sub- ta lar j o in t pro
na t ion , a n d f lexion at the k n e e . Bu t the 
ama lgamat ion o f these evolu t ionary adap
ta t ions in h u m a n locomot ion are ineffec
t ive , and m o s t ce r ta in ly c o m p r o m i s e d in 
m o d e r n c iv i l i za t ion ' s uny ie ld ing wa lk ing 
surfaces. 

T h e l o w e r e x t r e m i t y w a s d e s i g n e d 
ne i t he r to b e p laced into res t r ic t ive s tock
ings and shoe gear , n o r to ambula te o n 
mi les o f concre te , asphal t , t i le , and hard
w o o d floors. It is n o surpr ise that o r thope
dis ts , podia t r i s t s , and genera l prac t i t ioners 
are s ee ing increas ing n u m b e r s o f pa t ien ts 
w i t h musculo-ske le ta l compla in t s . It i s our 
con ten t ion that the vast major i t ies o f these 
cond i t i ons , w h i c h w e shall d i scuss briefly, 
are in t imate ly related to one par t icular as
pect of the gait cyc le , this b e i n g hee l s t r ike . 

N o mat te r h o w effective the muscula ture 
o f the an te r io r a n d pos te r ior groups is in 
l imb dece le ra t ion , o r the soph is t i ca t ion o f 
its j o in t s in the i r lock ing and un lock ing 
m e c h a n i s m to reduce shock , mic ro - t r auma 



Figure 1. Lower extremity dur
ing heel strike. Arrows indicate 
various segments of the lower 
extremity: heel, subtalar joint, 
ankle, knee, hip, and lower 
back. 

occurs and wil l con t inue to occur on un
y ie ld ing surfaces un less pro tec t ion is of
fered at the po in t o f contac t . T h i s is e s p e 
cially t rue in the case of a thletes w h o are 
sub jec t to far more s t ress than the ind i 
v idual engag ing in no rma l ac t iv i t ies . It ha s 
b e e n est imated that the force exerted at the 
po in t o f hee l contac t in j o g g i n g o n a level 
terrain is approx imate ly 3 G ' s , wh i l e i t m a y 
b e inc reased to 4 G ' s o n a downhi l l c o u r s e . 2 

A s s u m i n g that 4 G ' s equa ls four t imes the 
b o d y we igh t a n d the average m a n w e i g h s 
150 l b s . , t hen the force exer ted u p o n hee l 
s t r ike is 600 l b s . / sq . i n . Fu r the rmore , t he 
hee l s t r ike occurs an e s t ima ted 1600 t imes 
in the course o f o n e mi l e , p roduc ing 
9 6 0 , 0 0 0 l b s . p ressure at the po in t o f contact 
ove r an average j o g g i n g t ime o f e igh t m i n 
u tes . 

T h e t r e m e n d o u s force o f s h o c k dur ing 
hee l s t r ike is d i s s ipa ted proximal ly to the 
sub- ta lar j o i n t , ank le , k n e e , h i p , a n d lower 
b a c k (Figure 1 ) , and is con t r ibu tory in pro
d u c i n g m a n y o f the fo l lowing cond i t i ons : 

1. C a l c a n e a l a p o p h y s i t i s — ( c h i l d r e n 
8-13 years ) . A l so k n o w n as Seve r ' s d i sease . 
T h i s cond i t ion , accord ing to Tachd ja in , is 
not an os t eochondros i s . It is an " i r regular 
ity o f oss i f ica t ion and sc leros is o f the apo
phys i s and is a normal roen tgenograph ic 
f i n d i n g . " 3 O ' D o n o g u e d isagrees and states 
that apophys i t i s o f the ca l caneous is 
asept ic necros i s o f the calcaneal ep iphys i s . 

"Faulty circulation is manifested by sclero
sis of the epiphysis, frequently accompanied 
by fragmentation, but the condition is self-
limited and usually does not demand drastic 
treatment. Symptomatically, there is pain at 
the posterior point of the heel, usually some
what below the actual attachment of the ten-
do-Achilles. Pain is elicited by a forcible ac
tivity, so that the adolescent can usually go 
about his regular activity without trouble, 
only to have recurrence of pain if he starts to 
run or jump or violently exercise his foot."4 

2. Hee l spu r—an exos tos is of the plantar 
calcaneal tuberosi ty, the et iology of w h i c h 
is a t t r ibuted to plantar fascial s t rain often 
assoc ia ted w i th a b n o r m a l p r o n a t i o n . 5 

3. Hee l neu roma—per ineu ra l f ibros is o f 
the media l ca lcaneal nerve as desc r ibed b y 
Dav idson is the result o f mic ro t r auma . T h i s 
cond i t i on can b e ex t remely painful and 
n e u r e c t o m y is the t r ea tment o f c h o i c e . 6 

O t h e r cond i t ions w h i c h are re la ted to the 
shock o f hee l s t r ike are d i s tu rbances of the 
forefoot such as meta tarsa lg ia , p lantar fas
cial s t rain, sh in sp l in t s , chondromalac ia , 
a n d h ip a n d low b a c k pa in . In the past w e 
have t reated the a fo remen t ioned cond i 
t ions w i t h n u m e r o u s conse rva t ive , m e 
chan ica l , a n d surgical m e t h o d s . The re are 
t imes w h e n surgery is ind ica ted , e .g. , 
chronica l ly symptoma t i c calcaneal spurs , 
ne rve en t r apmen t s y n d r o m e , hee l n e u 
r o m a , k n e e pa in due to a torn m e n i s c u s , 



etc . ; h o w e v e r , surgica l in te rven t ion is n o 
panacea and cer ta inly n o subs t i tu te for ag
gress ive conserva t ive t rea tment . 

In our 15 years o f c l in ical expe r i ence in 
shock absorp t ion , w e have tr ied n u m e r o u s 
mater ia ls a n d c o m b i n a t i o n s o f mater ia ls 
wi th less than sat isfactory resul ts . T h e s e 
inc lude 76 types o f padd ing mater ia ls in 
c lud ing felt, s ponge , a i r foam, polyurethane, and a var ie ty o f polymer/ca ta lys t 
prepara t ions . It was due to ou r frustrat ions 
in the conserva t ive t rea tment and m a n 
agemen t o f the a fo rement ioned cond i t i ons 
that w e set out to deve lop a " t r u e " shock 
a b s o r b i n g dev ice . 

In the pas t , p r imary e m p h a s i s has b e e n 
placed on the b i o m e c h a n i c a l control o f 
pronatory forces, ra ther than the reduc t ion 
o f shock at hee l s t r ike . After three years o f 
scient i f ic research and mechan ica l tes t ing , 
w e have deve loped a u n i q u e dev ice , de
s igned to reduce shock to all s egmen t s of 
the lower extremity. 

T h e dev ice i tself r e s emb le s a hee l cup . 
H o w e v e r , i ts key feature is a r i b b e d des ign 
on the p lantar-poster ior aspec t , w h i c h ef
fec t ive ly c r u s h e s u p o n i m p a c t . C o n 
structed o f a h igh qual i ty natural latex rub
ber , it comple te ly r e b o u n d s w i th 100 per
cent m e m o r y (Figures 2 and 3 ) . 

Figure 2. Demonstrating (cross section Tuli) ribs de
pressed in heel strike. 

Figure 3. Tuli as applied to bottom of foot. 

Figure 4. Tuli may be placed in any shoe. 

Figure 5. (left) Cross-section side view, showing Tuli rib 
structure, (right) Complete Tuli, back view. 



Figure 6 . 





S o m e shoe gea r today, especia l ly athlet ic 
foot gear , has b e e n des igned to inc lude 
shock abso rb ing qual i t ies . But the p lace
m e n t o f these shock abso rb ing devices has 
b e e n t radi t ional ly o n the ou ts ide of the 
s h o e . In ter ior shoe sponge mater ia ls are 
no tor ious ly too hard , or have no repea ted 
long- te rm memory . T U L I ' s fit ins ide any 
s h o e , aga ins t the foot , w h e r e the shock a b 
sorp t ion is m o s t n e e d e d (Figure 4 ) . 

W e are not sugges t ing that the device b e 
u s e d as a subs t i tu te for the control of b i o -
mechan i ca l faults, n a m e l y p rona t ion , b u t 
ra ther that i t b e emp loyed as an adjunct ive 
or p r imary therapy. In addi t ion , the T U L I ' s 
hee l cup (Figure 5) m a y b e ut i l ized in con
junc t ion w i t h a cus tom or thos is . 

F igure 6 is a graphic representation of our 
p re l imina ry c l in ical trials and results . T h e 
major i ty o f our pa t ien ts in th i s s tudy w e r e 
invo lved in s o m e recreat ional or compe t i 
t ive spor ts activity. W e feel that two f ind
ings in this s tudy are s ignif icant : 

• All pa t ients had s o m e i m p r o v e m e n t 
w i t h i n the first two w e e k s o f treat
m e n t . 

• N o n e o f the ch i ldren p resen t ing wi th 
calcaneal apophys i t i s r equ i red cas t ing 
and all re turned to comple te activity, 
inc lud ing those w h o par t ic ipated in 
a thlet ic even t s . 

W h e n cons ide r ing hee l pa in , howeve r , 
o n e m u s t not prec lude sys temic disorders 
as a causat ive factor. D iabe t e s mel l i tus , 
gout , a l coho l i sm, rheumat ic ar thr i t is , and 
the use o f Th iaz ide diuret ics and o ther 
drugs have all b e e n i m p l i c a t e d . 7 A thor
ough h is tory and cl inical examina t ion is 
essent ia l in ruling out such en t i t i es . 

In summary , this pape r e lucidates the 
p rob lems of hee l s t r ike shock and d i scusses 
some of its c o m m o n cl inical mani fes ta 
t ions . W e have in t roduced the T U L I ' s dy
n a m i c hee l cup to b e used as an al ternate 
m e t h o d o f aggress ive conserva t ive treat
m e n t a n d prophylax is . 
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