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The Prosthet ic and Orthotic Division of the 
Universi ty of Virginia with the coopera t ion of 
the Depar tment of Or thopedics has conducted 
over the past eight months a limited investigation 
of the t rea tment of femoral fractures with a tem­
porary or thosis made from prefabricated com­
ponents and plaster of Par is . Until recently it 
had been generally held that the only suitable 
method for good os teosynthes i s of fractures was 
rest and rigid fixation. If the fixation could not 
be achieved by external means , internal fixation 
would have to be accompl ished. There has been 
good laboratory evidence showing the detri­
mental effect on healing of motion at the fracture 
site (5). H o w e v e r , it is well known that the cla­
vicle and ribs heal very nicely while under fairly 
cons tant mot ion. 

With this in mind, there were some advoca tes 
of early ambulat ion and weight-bearing on the 
fractured tibia. During the 1950s the United 
States Army conduc ted a study of this concept 
that resulted in the closed weight-bearing treat­
ment becoming the one choice in the military 
(1). Sa rmien to ' s work (6, 7) with the functional 
below-knee cast for tibial fractures that resulted 
in the deve lopment of the functional be low-knee 
brace has now almost completely eliminated any 
need for open t rea tment of tibial fractures. The 
concept that the soft t issues of the leg act as 
a " f l u i d " and the ends of the fractured tibia are 
pis tons within this " f l u i d " defines a hydraulic 
sys tem (7): that is, when a snug-fitting cast or 
brace imposes definite boundar ies on the soft 
t i ssue, the soft t issue then acts as a rigid cylinder 
when loaded. This rigid cylinder then is in-

herent ly stable and no appreciable shortening or 
d isplacement can occur . This principle has been 
proven adequate ly in the case of the tibia, and 
can also be applied to the femur. 

The femur, however , poses a problem more 
difficult than the tibia. The thigh contains con­
siderably more soft t issue than the tibia and has 
a much greater cross-sect ional area at each end 
allowing the soft t issue to escape from the rigid 
cone that is formed by an enclosing cast or brace 
when the leg is loaded, thereby allowing some 
shortening. Fu r t h e rmo re , the femur is con­
siderably more lateral to the line of force from 
the center of gravity of the body than is the tibia 
so that there is a greater force present to cause 
angulat ion. Consequent ly , t rea tment of the frac­
tured femur while ambulat ion is permit ted is not 
as satisfactory. Sarmiento has been somewhat 
disappointed with functional bracing of femoral 
fractures when compared to tibial fractures (7). 
Mooney et al. (4) have found that this form of 
t rea tment is superior to the conventional spicacast treatment for distal femoral fractures. 

The major difference in treating the two types 
of fractures is that in the femur some inherent 
stability of the fracture through healing must 
have taken place before ambulat ion is en­
couraged . This is accomplished by applying trac­
tion for a period of t ime sufficient to obtain sta­
bility, usually about seven weeks for adul ts . The 
best resul ts occur when the distal half of the 
femur is involved. F rac tu res more proximal will 
angulate because of the impossibility of providing 
a cone of support high enough to counterac t the 
natural t endency for lateral angulat ion. As in the 
case with the tibia, the cast about the thigh pro­
vides a t runcated cone with the soft t issue be­
coming rigid when loaded. The addition of a 
quadri la teral-socket contour to the thigh piece 
provides some rotational stability. 

Only the thigh port ion of the orthosis is func-
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Fig. 1. Prefabricated plastic quadrilateral-type socket 
brim used to provide rotary stability about the thigh. 

Fig. 2. Alignment fixture, upper left, and sketches of two of the major components . The connecting slide-bar 
is simply brass stock 1/2" x 1/2" about 13" long. 

t ional, the remainder of the or thosis being used 
only to hold the thigh port ion in place. Most 
of these o r thoses are suppor ted from below by 
knee hinges a t tached to a cast about the shin 
or by a cable a t tached to the shoe . Deyerle (2) 
suspends the thigh piece from a wais tband leav­
ing knee and leg entirely free. 

T h e use of the cast b race permits the pat ient 
to get out of bed and to leave the hospital sooner 
and in a more functional capaci ty than is the 
case when a spica cas t is used . The risk of os teo­
myelitis from internal fixation is el iminated and 
the healing t ime is shor tened . In a s tudy by 
M o o n e y (4), the average t ime of t rea tment was 
14.5 weeks compared to 24.7 weeks using spica 
cas t s . 

This form of t r ea tment can be used in children 
but should be restr ic ted to those under the age 



Fig. 3. Ankle "joint" developed at the University of 
Miami. 

Fig. 4. Application of cast-fracture sock. 

of ten with a wel l -contoured leg after at least 
four weeks of t ract ion. If angulation is noted 
after ambulat ion it should be cor rec ted , or it will 
progress (3). 

T H E T E C H N I Q U E 

T h e or thos is is applied to the pa t i en t ' s limb 
after a per iod of t ract ion to gain bony stabili ty, 
usually about seven w e e k s . The design of the 
or thosis is intended to crea te a total-contact 
appl iance that will give stability to the fractured 
femur . A quadri la teral - type socket brim is used 
to provide rotary stability about the long axis 
and a close fit about the thigh (Fig. 1). The 
or thosis is only intended to be partially weight-
relieving. 

Careful al ignment of the knee joint is obta ined 
by the use of an al ignment fixture designed and 
fabricated by the Biomedical Engineer ing 
Depar tmen t at the Univers i ty of Virginia (Fig. 
2). In most cases no ankle joint is used . H o w e v e r , 

when one is used , it is the one developed by 
Sinclair a t the Univers i ty of Miami (Fig . 3 ) 3 . 

M A T E R I A L S A N D C O M P O N E N T S 
N E E D E D F O R A P P L I C A T I O N 

1. O n e cast-fracture sock 4 

2. One split quadri lateral socket 
3 . Five rolls , res in- impregnated 

plaster of Paris 
4 . Four rolls , elastic plaster of Paris 
5 . T w o malleolar pads 
6. One calcaneal pad 
7. One pair of knee hinge jo in ts 
8. One al ignment fixture (Fig. 2) 
9. One can , medical adhesive 

10. One fracture boot 

A P P L I C A T I O N O F T H E O R T H O S I S 

When tract ion is discont ined the cast or thosis 
is applied to the pat ient in the following manner : 
a cast-fracture sock, a prefabr icated, split, quad­
rilateral socket brim, and a pair of convent ional 
or thot ic knee jo in ts with d rop locks are selected, 
and the jo in ts are p repared and at tached to the 
al ignment f ixture. If an ankle joint is to be incor­
pora ted into the o r thos i s , it is a lso selected at 
this t ime. 

After the tract ion equ ipment has been 
r emoved , the cas t fracture sock is slipped over 
the pa t i en t ' s limb while he is still in bed (Fig. 
4). He is then transferred to the fracture table . 
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Fig. 5 Appl ica t ion of the quadri la teni l -sockel brim 

Fig 6. Making sure that the cast sock adheres to the 
skin t o . in turn, insure that total contact between east 
and limb will he obtained, 

Fig. 7. Rectangular sect ions are cut out of the cast 
i n the area cor responding to t h e k n e e joint. 

( T h e u s e o f t h e f r a c t u r e t a b l e is r e c o m m e n d e d 
b e c a u s e it a l l o w s t h e p r a c t i t i o n e r c o m p l e t e f r ee ­
d o m to w o r k a r o u n d t h e l i m b . If a f r a c t u r e t a b l e 
is n o t a v a i l a b l e , t h e p r o c e d u r e c a n b e c a r r i e d 
o u t on a b e d o r a s t r e t c h e r . ) T h e q u a d r i l a t e r a l -
s o c k e l b r i m is a p p l i e d a s h igh a s p o s s i b l e on 
t h e th igh a n d is s e c u r e d by t w o c i r c u l a r w r a p s 
o f r e s i n - i m p r e g n a t e d p l a s t e r ( F i g . 5) . 

T h e p r a c t i t i o n e r m u s t a t t h i s t i m e m a k e s u r e 
t h a t t h e q u a d r i l a t e r a l s o c k e t is p r o v i d i n g t o t a l 
c o n t a c t . T h e m a l l e o l a r a n d c a l c a n e a l p a d s a r e 
a p p l i e d , a n d t h e e x t r e m i t y is he ld w i t h t h e k n e e 
in s l igh t f l ex ion a n d t h e a n k l e a t 90 ( F i g . 6) so 
tha t t h e c a s t s o c k a d h e r e s c l o s e l y to) t h e sk in 
a s t h e w r a p is m a d e . 

S t a r t i n g a t t h e d i s t a l e n d o f t h e q u a d r i l a t e r a l 
s o c k e t , t h e l i m b is w r a p p e d wi th e l a s t i c p l a s t e r -
o f - P a r i s b a n d a g e s . F a c h w r a p o v e r l a p s o n e ha l f 
o f t h e p r e v i o u s w r a p . U s e o f e l a s t i c p l a s t e r b a n d ­
a g e is e s s e n t i a l t o i n s u r e t o t a l c o n t a c t . T h i s w r a p 
is c a r r i e d all t h e w a y to t h e hee l a n d t o e s . 

P a r t i c u l a r c a r e m u s t be g i v e n t o t h e a r e a s u r ­
r o u n d i n g t h e f o o t - t i n k l e c o m p l e x b e c a u s e t h e 
e l a s t i c p l a s t e r b a n d a g e will s h r i n k a s it h a r d e n s , 
a n d m a y c a u s e e x c e s s i v e p r e s s u r e in t h i s a r e a . 
Af t e r t h e e l a s t i c p l a s t e r h a s h a r d e n e d , two l a y e r s 
o f r e s i n - i m p r e g n a t e d p l a s t e r t o p r o v i d e a d e q u a t e 
s t r e n g t h a r e a p p l i e d s t a r t i n g a t t h e m o s t p r o x i m a l 
s e c t i o n of t h e o r t h o s i s a n d c a r r i e d all t h e way 
to t h e t o e s . 

A f t e r t h e c a s t h a s h a r d e n e d , r e c t a n g u l a r s e c ­
t i o n s on b o t h t h e m e d i a l a n d l a t e r a l s i d e s a t t h e 
l eve l o f t h e k n e e a r e c u t o u t o f t h e c a s t ( F i g . 
7) a n d t h e k n e e j o i n t s a r e a t t a c h e d u t i l i z i n g t h e 
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Fig. 8.Attachment of the knee joint by use of the align­
ment fixture (Fig. 2). 

Fig. 9. Partial weight-bearing is generally allowed after 
24 hours. 

Fig. 10. View showing trim lines on proximal and distal 
portions of cast made approximately 48 hours after 
application. 

alignment fixture (Fig. 8). The axis of the knee 
hinge should be as close to the axis of the knee 
joint as possible. 

After twenty-four hours , the pat ient may be 
allowed to bear partial weight with c ru tches using 
-his or thosis (Fig. 9). After forty-eight hours the 
remainder of the knee section is r emoved to allow 

knee motion (Fig. 10). The Orion cast sock 
should not be cut because it helps to prevent 
edema around the knee . 

At this t ime it is important to assure a good 
range of motion of the knee by cutt ing away plas­
ter in the popliteal area if necessary . After two 
weeks of training with c ru tches , knee exerc ises , 
and cast adjustments for comfort , the pat ient usu­
ally may be discharged. The average patient will 
require no more than two to three mon ths of 
use of his or thos is . After this t ime if X-ray and 
clinical signs show good healing, he may walk 
with c ru tches but without any other means of 
external suppor t . 

C O N C L U S I O N 

As stated previously , the ambula tory treatment of fractures of the femur with a cast or thosis 
is considered to be a reliable method. Our ex­
per ience with more than 30 pat ients closely paral­
lels that of Mooney (4). Shor tening should remain 
the same as accep ted dur ing tract ion. Knee 
edema if present should disappear in a m o n t h ' s 
t ime; however , all pat ients should e levate the 
limb for approximate ly ten minutes each hour . 

The indication for use of the cast or thosis is 
any patient with a fracture of the distal femur 
with a wel l-contoured thigh who has no other 
injury that would preclude ambulat ion. Contra-
indicated is the patient with a short obese thigh 
unless he has a very low fracture. Epiphyseal 
fractures should not be treated by weight 
bearing. If angulation is accepted during traction 
it will probably worsen in the fracture brace. 
This form of t rea tment allows the patient to get 
out of the hospital sooner and to better care for 
himself as well as shorten the overall healing 
t ime. 
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