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CUSTOM FIT CARBON FIBER COMPOSITE 
FOREARM CRUTCH 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority of the ?ling date of 
Provisional Application Ser. No. 60/267,237 ?led Feb. 8, 
2001, the entire contents of Which are incorporated by 
reference herein. 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured and 
used by or for the Government of the United States for all 
governmental purposes Without the payment of any royalty. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to medical assis 
tance devices for assisting the disabled, and more particu 
larly to an improved custom ?t carbon composite forearm 
crutch. 

Contemporary forearm crutches presently available com 
mercially in the domestic U.S. marketplace are typically 
con?gured for use by persons With long-term disabilities in 
their loWer extremities. The forearm crutch provides the 
means for a disabled person to transfer their body Weight to 
their hands and arms While Walking. A forearm cuff is 
usually attached to the crutch in order to provide lateral 
stability to the user of the crutch. The design, structure and 
constituent materials of conventionally available crutches 
have been substantially the same for many decades. The 
conventional crutch is heavy, and comprises a double tele 
scoping aluminum tube con?guration having spring-loaded 
pins and holes along the length of the telescoping tubes for 
overall length adjustment of the crutch. The tube structure of 
the conventional crutch is subject to substantial corrosion 
and Wear, particularly at the hole locations that receive the 
spring-loaded pins, With the result that the crutch becomes 
noisy in use usually after only a feW months of use. As a 
consequence, most users replace the crutch after intervals of 
use of about tWo months to one year. In addition, conven 
tional metal (aluminum) crutches have an unattractive, 
institutional, appearance that may be of little consequence to 
the short-term user but is not pleasing to long-term users. 

The invention solves or substantially reduces in critical 
importance problems With prior art medical assistance 
devices as just described by providing a durable, lightWeight 
forearm crutch comprising a carbon composite. The crutch 
of the invention is con?gured of three graphite/epoxy tubes, 
one each for the long doWn tube, the handle and the cuff 
support, all adhesively bonded to a single central metallic 
(aluminum) ?tting, With appropriate attached tube end 
?ttings, rubber foot, handle end and cuff support. The crutch 
of the invention is about one-half the Weight of and about 
20% stronger than the conventional aluminum crutch, has a 
substantially longer life With substantially less Wear than the 
conventional crutch by reason of feWer mechanical joints 
and therefore quieter in use than the conventional crutch, 
and is more aesthetically pleasing than conventional alumi 
num crutches. 

The invention ?nds substantial use by persons With loWer 
(leg) extremity disability, either temporary or permanent, in 
commercial, military and government operated medical 
facilities and in veteran medical and rehabilitation centers. 

It is a principal object of the invention to provide an 
improved crutch for use by the disabled. 
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2 
It is another object of the invention to provide an 

improved forearm crutch. 
It is another object of the invention to provide a forearm 

crutch that is signi?cantly stronger than a conventional 
crutch. 

It is another object of the invention to provide a substan 
tially safe forearm crutch. 

It is another object of the invention to provide a light 
Weight forearm crutch that substantially reduces the fatigue 
factor for the user of the crutch. 

It is another object of the invention to provide an 
improved forearm crutch that is substantially corrosion 
resistant. 

It is another object of the invention to provide an 
inexpensive, aesthetically pleasing, long lasting forearm 
crutch. 

It is a further object of the invention to provide an 
improved forearm crutch that may be custom ?tted to the 
user. 

It is a further object of the invention to provide a forearm 
crutch that is substantially quieter than conventional 
crutches. 

These and other objects of the invention Will become 
apparent as a detailed description of representative embodi 
ments proceeds. 

SUMMARY OF THE INVENTION 

In accordance With the foregoing principles and objects of 
the invention, a durable, lightWeight carbon composite fore 
arm crutch is described that in its essential components 
includes three graphite/epoxy composite tubes consisting of 
a main support tube, a handle tube and a cuff support tube, 
all adhesively bonded to a single central substantially 
T-shaped metallic, preferably aluminum, ?tting con?gured 
to dispose the handle and cuff support tubes at a comfortable 
angle for the user greater than 90° and preferably about 101° 
to 103°, a cuff attached to the upper end of the cuff support 
tube for receiving the arm of a user, and a slip resistant foot 
member at the distal end of the main support tube. 

DESCRIPTION OF THE DRAWINGS 

The invention Will be more clearly understood from the 
folloWing detailed description of representative embodi 
ments thereof read in conjunction With the accompanying 
draWings Wherein: 

FIGS. 1a and 1b are front and side elevational vieWs of a 
composite forearm crutch according to the invention; and 

FIG. 2 is an exploded elevational vieW of the composite 
forearm crutch shoWn in FIGS. 1a and 1b illustrating the 
essential components thereof. 

DETAILED DESCRIPTION 

Referring noW to the draWings, FIGS. 1a and 1b shoW 
front and side elevational vieWs of a composite forearm 
crutch 10 according to the invention, and FIG. 2 shoWs an 
exploded elevational vieW of the crutch 10 of FIG. 1. In FIG. 
2 are illustrated the essential components of crutch 10 in an 
exploded vieW thereof. 

Crutch 10 includes essentially three load bearing mem 
bers 11,12,13 each of Which, in a preferred embodiment of 
the invention comprises thermally cured graphite/epoxy 
composite tubes of composition described more fully beloW. 
In tWo non-limiting representative crutch models built and 
tested in demonstration of the invention, main tube 11 and 
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arm support tube 12 Were sized to correspond With the 
physical size of the individual for Which each demonstration 
model Was built. Typically, tube 11 is up to about 34 inches 
long, and tube 12 up to about 8 inches long. Handle tube 13 
Was typically about 4% inches long. In the demonstration 
models tubes 11,12,13 Were 0.768 inch ID by 0.900 inch 
OD, siZe, hoWever, of the tubes not considered limiting of 
the invention. 

In the demonstration models, tubes 11,12,13 comprised 
13 plies of graphite/35% epoxy resin including 8 plies along 
the length of the tube and 5 circumferential plies in order to 
avoid splitting of the tubes When joined together as 
described beloW. The tubes Were uniform in cross section 
and fabricated from graphite ?ber reinforced epoxy tape 
(T50 graphite ?ber, std modulus 33 Msi and 150 ?ber 
Weight, from FORTAFIL Carbon Fibers, Knoxville Tenn., 
and #403 epoxy resin, NeWport Adhesives and Composites, 
Inc, Irvine Calif.) using a table rolling process. The outer 
surfaces Were sanded smooth and painted With black poly 
urethane paint. It is understood that other processes for tube 
fabrication may be used as Would occur to the skilled artisan 
Within the scope of these teachings and the appended claims, 
the speci?c fabrication process not considered limiting of 
the invention as de?ned in the appended claims. 
A substantially T-shaped metallic ?tting 15 is siZed and 

con?gured to snugly receive and interconnect tubes 11,12,13 
substantially as shoWn in FIGS. 1a,1b,2.In a preferred 
arrangement of the invention embodied in the demonstration 
models, ?tting 15 Was die cast (356) aluminum to Which 
tubes 11,12,13 Were adhesively bonded. In the demonstra 
tion models, ?tting 15 Was designed so that arm support tube 
12 Was inclined at 102° to handle tube 13 in consideration 
of the comfort of the user. Generally, the comfort of the user 
is served by maintaining the angle at greater than about 90° 
and preferably about 101° to 103°. Further, in the demon 
stration models, a high strength aerospace quali?ed RT 
curing adhesive EA9394 (Hysol Corp) Was used to bond the 
tubes and ?tting. Other commercially available adhesives 
may also be suitable for bonding ?tting 15 to tubes 11,12,13 
including 3M 1838, the same not limiting of the invention. 
The adhesive bond Was preferred over a mechanical con 
nector as having less Weight and improved appearance. 
Fitting 15 Was speci?cally designed by computer simulation 
for the demonstration models so that should the handle tube 
13 become overloaded, the aluminum ?tting Would yield 
predictably prior to failure (breakage) of the composite tubes 
11,12,13. Yielding of ?tting 15 prior to failure of the 
composite tubes Would provide to the user some advance 
notice of impending failure of the crutch in suf?cient time to 
obtain a replacement crutch. Fitting 15 may be fabricated 
using conventional metal Working techniques. It is noted 
that ?tting 15 could comprise composite material such as 
that of Which tubes 11,12,13 are fabricated, though less 
preferably because of the geometry to Which a composite 
Would need to be laid up and cured in order to fabricate the 
?tting. 

Optional end caps 17,18 machined to siZe from (2024) 
aluminum and bonded (in the demonstration models using 
RT curing Shell Chemical Company adhesive EPON 828) to 
tubes 11,13 at the distal ends thereof, as suggested in FIG. 
2, provided closure to tubes 11,13. Generally tubular shaped 
grip 20 comprising foam, rubber, plastic or other suitable 
material as Would occur to the skilled artisan guided by these 
teachings provided a reliable and comfortable grip for the 
user of crutch 10. Replaceable slip resistant foot 21 of rubber 
or other suitable slip resistant material Was disposed (press 
?tted) on the distal end of tube 11 substantially as shoWn in 
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4 
the ?gures in order to stabiliZe the crutch in contact With a 
Walking surface during use. 

Cuff 22 of suitable siZe and shape comprising metal (steel, 
aluminum or other), plastic, composite material, or other 
suitable material is attached to the upper end of arm support 
tube 12 and secured there to a machined aluminum ?tting 
23, siZed to interconnect cuff 22 With tube 12, using rivets 
24, bolts and nuts, adhesive or other conventional attaching 
means. Fitting 23 in the demonstration models Was adhe 
sively attached to tube 12 using EA9394 adhesive. Cuff 22 
may be custom made or conventionally procured as Would 
occur to the practitioner of the invention familiar With 
relevant prior art devices, or as Would meet the needs of an 
individual user 

An advantage of the crutch of the invention is that it can 
be easily ?tted to a potential user using personal physical 
measurements provided remotely by the user to the crutch 
manufacturer, Which can be then correlated With correspond 
ing siZes of tubes 11,12,13 in ?tting the crutch to the user, 
Without the need for personal contact betWeen the manufac 
turer and the potential user. It is further noted that the crutch 
as described herein Was con?gured to be not adjustable in 
siZe through the use of telescoping tubes or the like that 
characteriZe certain prior art devices because adult crutch 
users do not need adjustable crutches once the crutch is siZed 
to the individual user. Eliminated thereby is the need for 
adjusting pins or the like. A more durable and much quieter 
crutch in accordance With the invention is the result. For a 
child, the crutch may be easily modi?ed or inexpensively 
replaced as needed as the child groWs and matures. 

The invention therefore provides a novel custom ?t car 
bon composite forearm crutch. It is understood that modi 
?cations to the invention may be made as might occur to one 
With skill in the ?eld of the invention Within the scope of the 
appended claims. All embodiments contemplated hereunder 
that achieve the objects of the invention have therefore not 
been shoWn in complete detail. Other embodiments may be 
developed Without departing from the spirit of the invention 
or from the scope of the appended claims. 
We claim: 
1. A custom ?t carbon composite forearm crutch for use 

by persons having loWer extremity disability, comprising: 
(a) ?rst, second and third tubes of respective lengths 

selected according to the physical dimensions of the 
intended user, each of said tubes consisting of respec 
tive continuous lengths of a carbon ?ber composite; 

(b) a generally T-shaped unitary metallic ?tting intercon 
necting said ?rst, second and third tubes, said unitary 
metallic ?tting de?ning an angle greater than 90° 
betWeen said ?rst and second tubes in the assembled 
condition, said unitary metallic ?tting con?gured to 
yield predictably prior to failure of either of said ?rst, 
second and third tubes; 

(c) a cuff attached to the upper distal end of said ?rst tube 
for receiving the arm of the user; 

(d) Wherein said ?rst tube is selected in length according 
to forearm dimension of the intended user, and Wherein 
said second tube is a handle of selected length for 
gripping by the intended user and Wherein said third 
tube is of length selected according to the height of the 
user to extend to a Walking surface for support of the 
user; and 

(e) an adhesive bonding said ?rst, second and third tubes 
to said ?tting and bonding said cuff to said ?rst tube in 
order to maximiZe the strength of the joints betWeen 
said ?tting and said ?rst, second and third tubes and 
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between said cuff and said ?rst tube, Whereby a sub 
stantially unitary structure Without Wear joints is 
de?ned by said ?tting and said tubes. 

2. The crutch of claim 1 Wherein said angle betWeen said 
?rst and second tubes is in the range of 101° to 103°. 

3. The crutch of claim 1 further comprising slip resistant 
material on the distal end of said third tube for contacting a 
Walking surface by the user. 

6 
4. The crutch of claim 1 Wherein said metallic ?tting 

comprises aluminum. 


