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Because of the anatomical structure of the 
cervical spine, a C-5 on C-6 vertebral frac­
ture with resulting C-6 neurological deficit is 
commonly observed. The residual muscle 
functions for this level, as described by 
McKenzie (1), are the shoulder flexors and 
abductors, scapular muscles, and elbow flex­
ors. 

Owing to improved medical care, the sur­
vival rate of individuals acquiring a high-
level cervical lesion has increased over the 
past few years. For example, at the Rancho 
Los Amigos Hospital Spinal Injuries Center, 
a total of 985 quadriplegic patients were ad­
mitted from 1964 to 1974. Of these, 32 per­
cent, or 314 patients, had C-5 on C-6 lesions. 

Orthotic management of the involved up­
per-limb patient has historically presented 
the rehabilitation team with an enigma, 
especially in the case of traumatic quadriplegia. Level of independence and activity 
are closely related to level of lesion. Restora­
tion of function involves many factors, in­
cluding the application, acceptance, and 
utilization of orthotic systems. 

When the lesion is complete, the sensory 
deficit wi l l be complete. Incomplete lesions 
wi l l display mixed evidence of both motor 
and sensory loss or function. Individual pa­
tient evaluations must be thorough if full ad­

vantage is to be taken of the residual func­
tions. 

The involvement of the radial wrist exten­
sors is of great importance, for this muscle 
group can be utilized through the application 
of a wrist-driven flexor-hinge orthotic sys­
tem to provide force for prehension. 

The individual suffering a fracture of C-4 
on C-5 lacks the residual functional mus­
culature to power a wrist-driven orthosis. A t 
this level of neurological deficit, the radial 
wrist extensors are absent, and the patient is 
forced to seek additional mechanical assis­
tance. 

Previous attempts to utilize external 
power systems have resulted in non-ac­
ceptance for a number of reasons. Both the 
electric and compressed gas systems pre­
viously described require a substantial 
amount of familiarity and expertise by the 
orthotist to achieve a functional application 
for the patients' needs (2) (3). In addition, 
the gadgetry of the systems required too 
much effort by the patient, and many were 
quickly discarded after the patient left the 
rehabilitation center. 

Beard and Long (4) have conducted a 
12 l/2-year follow-up on the use of externally 
powered orthoses. Their findings indicate an 
overall usage rate of 33 percent, and that 



"both the p o o r qual i ty of p e r f o r m a n c e a n d 
the small n u m b e r of activit ies which can be 
accompl i shed , due to limited range of m o ­
tion and lack of forceful m o v e m e n t , lead to 
d isuse . Without g o o d p r o x i m a l a r m func­
tion, the external ly p o w e r e d h a n d splint is 
a p p a r e n t l y of little va lue to these pat ients . 
T h e addi t ional time required for app l i ca t ion 
of the entire sys tem is not justif ied. P o o r 
qual i ty of p e r f o r m a n c e of activit ies w a s the 
reason most frequently cited by pat ients for 
d isuse of ex ternal ly -powered or thoses ." T h e 
p r i m a r y reasons for d i scarding the orthos is 
are: 

1. T i m e required for app l i ca t ion . 
2 . P o o r qua l i ty of p e r f o r m a n c e of act ivit ies . 
3. S l o w speed of p e r f o r m a n c e of act ivit ies . 
4 . H i n d r a n c e dur ing other activit ies . 
T o remedy these shor tcomings , the ratchet 

principle first d e m o n s t r a t e d at W a r m 
Spr ings , G e o r g i a (5) w a s utilized. In the 
original des ign, the ratchet sy s t em s imply 
a l lowed the patient to mainta in prehension 
of an object over a n y given per iod of t ime re­

qu ired to c o m p l e t e a task . H o w e v e r , it left 
m u c h to be des ired with respect to a d a p ­
tabi l i ty a n d a d j u s t m e n t . 

T h r o u g h a sequence of clinical app l i ca ­
tions, the ratchet (Fig. 1) has u n d e r g o n e 
several modi f i ca t ions . T h e first m a j o r 
change of the original des ign invo lved con­
vers ion of the ratchet principle to the ex­
isting wrist driven wr i s t -hand orthos is . Th i s 
des ign utilizes o p p o s i t i o n of the thumb a n d 
the first two fingers. A friction wrist joint 
w a s then appl ied to ma in ta in stabi l i ty , yet 
a l low s o m e adjus tment of flexion a n d exten­
s ion in a clinical sett ing. 

T h e spr ing-ac t iva ted ratchet lock in itself 
(Fig. 2) prohib i t s re lease of an object until 
the user s o des ires . A t this point , pres sure 
app l i ed to the re lease lever of the ratchet bar 
frees the object held in g r a s p . Finger open ing 
is a c c o m p l i s h e d through the app l i ca t ion of a 
return spr ing sys tem. It w a s noted that in a 
n u m b e r of cases , objects had a tendency to 
sl ip under firm prehens ion . T o remedy this 
p r o b l e m , a prehens ion c o m p r e s s i o n spr ing 

Fig. 1 . Ratche t o r t h o s i s in M P extens ion ind ica t ing full p o s i t i o n a l o p e n i n g of f inger p ieces . 



Fig . 2 . Ratche t e lement inc lud ing c o m p r e s s i o n p r e h e n s i o n c o m p o n e n t , ratchet b a r , s p r i n g 
a c t i v a t e d lever, a n d re turn s p r i n g s y s t e m . 

w a s dev i sed to mainta in cons tant pres sure . 
T h a t which has been presented to this 

po int p r o v i d e s a general o v e r v i e w to ac­
qua int the orthot is t with the ratchet princi­
ple . It must a l so be e m p h a s i z e d that this 
funct ional level of q u a d r i p l e g i a requires a d ­
dit ional f o r m s of ass i s t ive devices to attain 
proficient levels of act iv i ty . T h e ratchet is 
o n e p r i m a r y c o m p o n e n t of an entire sy s t em 
which w o u l d ordinari ly include radia l m o ­
bile a r m s u p p o r t s , a p o w e r e d wheelchair , 
l a p trays , m o u t h st icks , special seat cush­
ions, etc. It is b e y o n d the s c o p e of this 
d i scuss ion to detail these items, but the p r a c ­
titioner m u s t be a w a r e if their i m p o r t a n c e in 
the care of the quadr ip leg ic . A m o r e detai led 
d i scuss ion of fitting indicat ions for the rat­
chet is required if the pract i t ioner is to 
benefit the pat ient . It m u s t be kept foremost 
in m i n d that a high rejection ra te of devices 
is preva lent in this c a t e g o r y of pat ient . 

A c c e p t a n c e d e p e n d s pr imar i ly on a well-
defined p u r p o s e or rehabi l i tat ion goa l . M e ­
chanical efficiency a n d a c c u r a c y of fit are 
d e m a n d e d of the or thos i s . Rep lacement of 
lost funct ion can only b e ach ieved b y the 

k n o w l e d g e a b l e orthotist with the skill a n d 
dexterity to meet the chal lenge . 

T h e functional ratchet orthot ic sy s t em is 
c o m p r i s e d of the fo l lowing c o m p o n e n t 
part s : 

1. f o r e a r m sect ion with prox imal 
s tabi l iz ing s t r a p , 

2 . p a l m a r section with wrist s t r a p , 
3 . finger a n d t h u m b pieces, 
4. the ratchet element, 
5 . wrist a n d M P jo ints . 

T h e p u r p o s e of both the f o r e a r m a n d p a l m a r 
sect ions is to mainta in the h a n d in a func­
tional pos i t ion . Carefu l o b s e r v a t i o n m u s t be 
m a d e to ensure that the ulnar s ty lo id a n d 
M P joints are free of obs truct ion so a s to 
a v o i d p r e s s u r e a n d restrict ion of m o v e m e n t . 

Mechan ica l axes of the wrist a n d M P 
joints must m a t c h the a n a t o m i c a l a x e s a s 
precisely a s poss ib l e to a v o i d u n w a n t e d 
relat ive m o t i o n between the orthos i s a n d 
h a n d . Funct ional o p p o s i t i o n can be achieved 
only if the thumb a n d first two fingers a r e 
a l igned proper ly . Both the finger a n d t h u m b 
pieces must be a d j u s t e d to p r o v i d e direct 
finger a n d t h u m b tip o p p o s i t i o n . 



Fig. 3 . A d a p t i v e s p r i n g a l l o w s funct ional p o s i t i o n i n g of w r i t i n g i m p l e m e n t . 

Fine ad jus tment on the ratchet b a r is a c ­
compl i shed by a l lowing the spr ing-ac t iva ted 
lever to pos i t ion itself with the notched in­
crements . T o ac t iva te the ratchet a n d close 
the or thos i s , the patient s imply presses the 
finger pieces together aga ins t either the chin 
or the other hand . O p e n i n g is achieved by 
depress ing the spr ing-ac t iva ted lever a n d 
a l lowing the return spr ing to facil itate full 
M P extens ion. 

T e n s i o n of the return spring sys t em is eas i ­
ly a d j u s t e d by shortening or lengthening the 
spr ing . It shou ld be noted that an a d a p t i v e 
spr ing is p r o v i d e d to permit use of a pen or 
pencil (Fig. 3 ) . With a certain a m o u n t of 
training a n d persistence, writ ing c a n be a c ­
compl i shed effectively. 

T r a i n i n g is an essential segment of the 
overal l rehabi l i tat ion for these pat ients . T h e 
a u t h o r s e m p h a s i z e that the skil ls of a 
qual i f ied therapist be e m p l o y e d to ac ­
compl i sh the training g o a l s . 

A l t h o u g h int imate fit of the orthos i s is 
essential , fabr icat ion need not be required of 
the indiv idual pract i t ioner . Centra l fabr ica ­
tion of these s y s t e m s in c o m p o n e n t p a r t s or 

c o m p l e t e d definitive form h a v e been utilized 
with a great deal of success , a n d are n o w a 
part of the pract i t ioner's a r m a m e n t a r i u m . 

O n e point should be reiterated. Because of 
the precis ion that is the essence of the hand, 
the orthot is t is presented with his greatest 
chal lenge in a n y a t tempt t o w a r d its res tora­
tion. 
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