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INTRODUCTION 
A p e r s o n wi th quadr ip legia , para lys is o f 

all four l i m b s caused by l e s ions at h i g h 
levels o f the sp ina l cord , has ex t remely 
complex needs for rehabi l i t a t ion care . 
Quadr ip leg ia has a devas ta t ing effect o n a 
pe r son ' s en t i re l i fe . E v e n after successful 
rehabi l i t a t ion , the formerly independen t 
pe r son in termi t tent ly requ i res the he lp o f 
an a t tendant for m a n y act iv i t ies o f daily 
l iv ing a n d ac t iv i t ies r equ i red for gainful 
e m p l o y m e n t o r for a t tending school . 

B e c a u s e a t tendant care is the s ingle 
greates t cost o f l iv ing , exceed ing e v e n 
medica l cos t , for a pe r son w i t h quadr ip le 
g i a , 9 any in te rven t ion that improves i nde 
penden t funct ion of a pe r son w i t h quadr i 
p leg ia e n o u g h to reduce th is n e e d for at
t endan t care shou ld b e i n v e s t i g a t e d . 2 , 3 , 5 

Fur the rmore , i f a dev ice can allow a quad
r ip legic pe r son to b e gainfully employed , 
the cos t to the ind iv idua l a n d to soc ie ty 
w o u l d b e further r educed and the person 
wi th quadr ip leg ia could b e m u c h m o r e 
self-rel iant . 

O u r early expe r i ence ind ica tes that the 
u s e o f a B rea th Ac t iva t ed S w i t c h i n g 

M e c h a n i s m ( B . A . S . M . ) , ra ther than the 
swi t ch ing m e c h a n i s m s that are n o w avail
ab le , m a y improve the abi l i ty of quadr i 
plegic pe r sons to use t he electr ic powered 
p r ehens ion o r thoses that are a l ready avail
ab le . Fu r the rmore , the ex tent of th is i m 
p rovemen t m a y b e s igni f icant e n o u g h to 
reduce the n e e d for a t tendant care and to 
improve the out look for gainful employ
men t . 

Cer ta in types o f adapt ive a ides have 
b e e n u sed to subs t i tu te for h a n d funct ion. 
S o m e quadr ip leg ic pe r s ons have rece ived 
au toma ted dev ices , such as env i ronmen ta l 
control u n i t s 8 ( E C U ) that p rov ide s o m e 
m e a s u r e o f i n d e p e n d e n c e in such act iv i t ies 
as the tu rn ing o n and off o f l ights a n d ap
p l iances a n d a n s w e r i n g the t e l ephone 
(F igure 1 ) . W h i l e E . C . U . s p rov ide m u c h 
ass i s tance to the h o m e b o u n d quadr ip leg ic 
person , t h e y c a n n o t b e m o v e d from place 
to p lace . T h e use r r equ i res a t tendant care 
for m o s t ac t iv i t ies ou t s ide the h o m e . Fur
the rmore , au toma ted dev ices do no t g ive 
the use r the pe rsona l sa t isfact ion o f u s ing 
the h a n d in a " n o r m a l way . " 

M o u t h s t i c k s have b e e n used to ex tend 
the funct ional i n d e p e n d e n c e o f those w i th 



Figure 1. Environmental control units (ECU) provide 
some measurement of independence, such as the 
turning on and off of lights and appliances and an
swering the telephone. 

Figure 2. The 
wrist-driven fin
ger prehension 
orthosis. 

Figure 3. A static orthosis. 

the m o s t severe paralysis of the uppe r ex
t r e m i t i e s . 4 H o w e v e r , they do no t pe rmi t 
i n d e p e n d e n c e from a n a t tendant a n d are 
often poor ly accep ted b y pat ients w h o have 

e n o u g h uppe r ex t remi ty s t rength to m o v e 
the i r hands abou t . 

Mos t people w i th quadr ip leg ia re ta in 
s o m e use o f the upper ex t remi t i e s . T h e per
son w i t h C-5 level quadr ip legia ( in this 
paper , the level o f les ion is n a m e d by the 
lowest normally funct ioning sp ina l seg
mental level) , the mos t c o m m o n level of 
t raumat ic quadr ip legia , is left w i t h n o 
funct ion in the wr i s t a n d h a n d complex , 
but ha s preserva t ion o f flexion at the e l b o w 
a n d s o m e abi l i ty to e levate a n d m o v e the 
shoulder jo in t . T h i s pe r son can m o v e the 
h a n d to different pos i t ions in space ; but 
ha s n o grasp-re lease funct ion o f the h a n d . 
S o m e C-4 level quadr ip leg ic pe r sons have 
e n o u g h s t rength o f the shoulder girdle and 
e lbow to m o v e the h a n d abou t ; but , l ike the 
C-5 quadr ip leg ic pe r son , they also h a v e n o 
grasp-re lease funct ion o f the wris t or h a n d . 
M a n y pe r sons w i t h C - 6 level quadr ip leg ia , 
the next m o s t c o m m o n level , have insuffi
c ien t wr is t ex t ens ion p o w e r to b e ab le to 
use a wr is t d r iven f inger p r e h e n s i o n or tho
s i s 6 (F igure 2 ) . 

M o s t o f the peop le wil l b e fitted w i t h a 
static o r thos i s (Figure 3 ) . A static o r thos i s , 
w h e n proper ly des igned and f i t ted, wi l l 



Figure 4. An electric powered prehension orthosis (EPPO) that provides a three-jaw type finger prehension. 

Figure 5. A butterfly switch operated by movements 
of the shoulders or the contralateral limb, respec
tively. 

al low the user to do some act iv i t ies o f dai ly 
l iv ing ( A D L ) . 

H o w e v e r , it is imposs ib le for the use r to 
accompl i sh m a n y o f these tasks , o r to 
swi tch from o n e act ivi ty to ano ther , wi th 
out the ass i s tance o f ano the r pe r son . 

If p r e h e n s i o n a n d re lease cou ld be pro
v i d e d to a quadr ip leg ic pe r son w h o is ab le 
to m o v e h i s or h e r h a n d to different pos i 
t ions in space , m o s t o f the funct ional tasks 
n e e d e d for e m p l o y m e n t at a desk j o b , per
forming school work , act ivi t ies o f dai ly 
l iv ing, a n d par t ic ipa t ing in socia l act ivi t ies 
could be accompl i shed wi thou t an y n e e d 
for an a t tendant . A few people h a v e b e e n 
fitted w i t h an electr ic p o w e r e d p r e h e n s i o n 
o r t h o s i s ( E . P . P . O . ) 7 t ha t p r o v i d e s a 
" t h r e e - j a w - c h u c k " type f inger p rehens ion 
(Figure 4 ) . T h e E .P .P .O. has b e e n perhaps 
the m o s t p romis ing deve lopmen t to i m 
prove funct ion for quadr ip leg ic pe r sons 
w h o are appropr ia te cand ida tes . H o w e v e r , 
the usefulness o f the E .P .P .O.has b e e n 
l i m i t e d b y the a w k w a r d n e s s o f t he 
swi t ch ing m e c h a n i s m s normal ly suppl ied 
w i th these or thoses . T h e s e m e c h a n i s m s are 
normal ly pull o r but terf ly- type swi tches 
that are opera ted b y m o v e m e n t s o f the 
shoulders or the contralateral l i m b , re
spect ive ly (Figure 5 ) . 

M a n y users canno t ach ieve a good func
t ional resul t w i t h an E .P .P .O. because these 
swi t ches do no t al low t h e m to fully con
centra te o n the task at hand . T h e major 
p rob l ems assoc ia ted wi th these swi tch ing 
m e c h a n i s m s are due to the users ' impa i red 
sensa t ion , as wel l as the i r l imi ted and 

poor ly control led m o v e m e n t s . T h e but ter
fly swi tch can b e especia l ly difficult to use 
w h e n visual i npu t is the only avai lable po
s i t ion s ense . T h e user mus t cons tant ly shift 
h i s /he r a t ten t ion from the task at h a n d to 
the opera t ion o f the swi tch b y the o ther 
a rm ( a s suming a funct ional contralateral 
l i m b ) . 6 T h e pull-type switch requi res the 
use r to h a v e ve ry f inely coord ina ted 
m o v e m e n t because the three m o d e s — 
o p e n , c lose , and off—are in c lose se 
q u e n c e . Lack of f ine control or maladjust
m e n t m a y cause the or thos is to react i m 
properly. 

M a n y a t tempts have b e e n m a d e to solve 
such swi t ch ing p rob l ems , because these 
p rob l ems can m a k e the s imples t task frus
trat ing, unnecessa r i ly fa t iguing, or impos 
s ib le . A swi t ch ing p rob lem can m a k e the 
difference b e t w e e n accep tance a n d re jec
t ion o f a n o the rwise functional o r thos is . 
For example , as far back as the early 1950 ' s , 
surface E . M . G . e lect rodes have b e e n used 
to opera te swi tches o n or thoses a n d pros-



Figure 6. A schematic diagram for an interface control for a "breath activated switching mechanism" using two 
Fairchild Ultralow differential pressure sensors, Basic Model PSF 100 A, manufactured by Dumont. 

Figure 8. (right) The switch senses as little as .002 PS1 
of air pressure. 

t h e s e s . 1 H o w e v e r , because o f p rob l ems in 
loca t ing appropr ia te p lacement s i tes a n d 
p r o b l e m s wi th a t t ach ing the e lec t rodes , 
th is m e a n s o f opera t ion has ach i eved on ly 
l imi ted success in pract ical c l in ica l set
t ings . 

T h e R e h a b E n g i n e e r i n g I n s t i t u t e 
(R.E . I . ) at T h e Univers i ty o f Texas Heal th 
S c i e n c e C e n t e r at S a n A n t o n i o (U.T.H. 
S . C . S . A . ) b e c a m e interes ted in ano th 
er approach to the swi t ch ing p r o b l e m 
for external ly p o w e r e d uppe r ex t remi ty 
p ros theses w h i l e conduc t ing a n eva lua t ion 
procedure for a ma le quadr ip leg ic pa t ien t . 
H i s neuro log ic level for mo to r a n d sensory 
funct ion w a s C-5 spared o n the r ight a n d 
C-4 o n the left. T h e p e r s o n h a d b e e n fitted 
prev ious ly w i th a n E .P .P .O. H o w e v e r , h e 
w a s no t ab le to opera te the butterfly swi tch 
a n d consequen t ly w a s no t u s ing h i s or tho
s is . O n e o f the t e a m m e m b e r s sugges ted 
that a " s i p and puff" sw i t ch ing m e c h a n i s m 
m i g h t b e a w a y for th is person to effectively 
u se h i s o r thos i s . T h i s sys t em proved to be 
so clearly super io r to o the r swi t ch ing 
m e c h a n i s m s that it ha s n o w b e c o m e a 
s tandard part o f all E .P .P .O.s fabr icated in 
our cen te r . 

DESIGN AND 
DEVELOPMENT OF THE 
BREATH ACTIVATED 
SWITCHING MECHANISM 
(B.A.S.M.) 

After c o n s u l t i n g r e h a b i l i t a t i o n e n 
g inee r s a n d t ry ing out several d e s i g n s , a 
schemat i c d iagram for an interface control 
w a s d rawn up for a "b rea th act ivated 
swi t ch ing m e c h a n i s m " us ing two Fair-
ch i ld Ul t ra low differential p ressure sen
sors , Bas ic M o d e l P S F 1 0 0 A , manufac tured 
b y D u m o n t (Figure 7 ) . T h i s swi tch senses 
as little as .002 PSI of air p ressure (Figure 8 ) . 



T h e fol lowing in format ion is taken b y 
p e r m i s s i o n from D u m o n t ' s p r in ted form 
# P S F 7 8 2 / 3 7 3 7 1 P O . 

S P E C I F I C A T I O N : 
Mechanica l 

Switch Type— S P S T , Normal ly O p e n , 
D o u b l e Break 

Switching Medium—Air 
Actuation Pressure—Refer to table o f 

s tandard ac tua t ion ranges for P S F 
100A mode l s 

Proof Pressure—PSF 100A 1 0 0 A - 1 . 5 , P S F 
1 0 0 A - 3 8 P S I G , " C " S e r i e s 15 P S I G 

Mechanical Life—More than 10 mi l l ion 
cycles 

Weight—Less than 10 g rams 
Shock and Vibration—At zero o r a b o v e 

ac tua t ion pressure , wi l l no t m a k e o r 
b reak a t 5 0 G ' s shock . Wi l l no t m a k e or 
break at l 0 G ' s shock , 50 to 2000 H z 
v ib ra t ion . 

Physical 
Mounting—Eyeletted for N o . 2 screws 
Case Material—Polycarbonate 
Contact Materials—Gold inlay o n 

p h o s p h e r b ronze 

Electrical Connections—Terminals—3/16" 
male t ab- type , for use w i t h 3 / 1 6 M female 
qu ick d i sconnec t s (ref. A M P 6 0 9 7 2 2 L P 
or equ iva len t ) 

Pressure Ports—Two 3 / 16" d i a m e t e r 
b a r b e d ports for u se wi th 5/32" ID 
tub ing . S u g g e s t e d mater ia l s : S i l i c o n e , 
N e o p r e n e , Po lyure thane 

Electrical 
Current Rating—10 M A , res i s t ive , D C 

normina l 
Operating Voltage—AC/DC 30V or less 

w i th res is t ive load , 120 V A C n e o n 
lamp load (Use w i t h S R F 100B Sol id 
Sta te Relay for h i g h e r loads) . 

A pro to type B . A . S . M . w a s fabr icated 
u s ing two (2) P S F 1 0 0 A sensors , one (1) 
R C A in teg ra t ed c i rcu i t # S K - 9 0 9 4 - 2 0 1 4 
Dar l ing ton Array, C M O S / P O M S interface , 
and two (2) Archer ' s submin i a tu r e PC re
lays # 2 7 5 - 2 4 3 . T h e s e w e r e a t tached to a 
bas i c in tegra ted c i rcui t boa rd (Figure 10) . 

*Schematic by Calvin P. Franke, Engineering Technician III, 
Department of Physiology, The University of Texas Health 
Science Center at San Antonio. 

With no differential pressure 
applied, the diaphragms do not 
exert a force on the moveable 
contacts (see Diagram 1). A n 
external force may cause one 
contact to close, however, the 
other contact moves in parallel 
and remains open (see Diagram 
2 ) . There is still no circuit 
closure. With pressure applied 
(see Diagram 3 ) , air enters at the 
high pressure inlet port and is 
routed directly to Cavi ty A and 
through the manifold (C) to 
Cavi ty B. T h e applied pressure 
actuates the diaphragms inward, 
deflects the f lexible contacts, 
and completes the circui t . 



T h e B . A . S . M . w a s connec t ed to the 
E .P .P .O. a n d fitted for use . T h e only 
p r o b l e m w i t h th is B . A . S . M . w a s occa
sional failure o f the h a n d wi r ed integrated 
c i rcui t boards due to faulty so lder ing 
t e chn iques . T h e wired c i rcui t board has 
been replaced wi th a cus tom pr in ted 
board , w h i c h is n o w in use in n i n e 
E .P .P .O.s . N o failures have occurred s ince 
the p r in ted c i rcui t boa rds were in t roduced 
(Figure 11). 

FABRICATION OF THE 
BREATH ACTIVATED 
SWITCHING MECHANISM 

T h i s sec t ion cons i s t s o f de ta i led in
s t ruct ions for fabr icat ion of a b rea th act i 
va ted swi t ch ing m e c h a n i s m . 

A) At tach the t w o (2) P S F 100A sensors , 
o n e (1) R C A in tegra ted c i rcui t # S K - 9 0 9 4 -
2014 , and two (2) Arche r submin i a tu r e re 
l ays # 2 7 5 - 2 4 3 to t he p r i n t e d c i r c u i t 
board** as s h o w n in F igure 12 . 

B) After the c o m p o n e n t s are a t t ached to 
the circui t boa rd , the fol lowing par ts are 

Figure 10. A prototype B.A.S.M. attached to a basic 
integrated circuit board. 

Figure 11. A custom printed board is now in use. No 
failures have occurred. 

Figure 12. **Available on request from UTHSCSA for $50. 



u s e d to a d a p t t he B . A . S . M . to t h e 
E .P .P .O. : 

1. T w o p ieces 5 / 3 2 " t ransparent plast ic 
t ub ing 5 c m . long . 

2 . O n e p iece 5/32" t ransparent plast ic 
t ub ing 9 0 c m . long . 

3. O n e p iece " T " connec to r 5/32". 
(No te : T h e above i t ems are avai lable at 

m a n y pe t s tores . ) 
4 . O n e p iece 5 c m . w i d e co t ton w e b 

b ing abou t 3 0 c m . long . 
5. O n e p iece 5 c m . w i d e h o o k a n d ad

h e s i v e - b a c k e d loop Velcro® a b o u t 
5 c m . long. 

6. O n e p iece 1/2" adhes ive -backed loop 
Velcro® 5 c m . long . 

7. O n e p i e c e 1/2" a d h e s i v e - b a c k e d 
h o o k Velcro® 5 c m . long . 

(Note : T h e a b o v e i t ems are avai lable at 
P E L S u p p l y Company , 4666 Manufac tur 
ing Road , C leve land , O h i o 44135 . ) 

8. O n e set E .P .P .O. connec to r w i re s . 
9 . Bat tery pack for E .P .P .O. 
(Note : T h e a b o v e i t ems are avai lable 

from Or tho t i c S y s t e m s , Inc . , P.O. Box 
20262 , Hous ton , Texas 77025 . ) 

10 . O n e plast ic p ipe t te t ip (avai lable 
t h r o u g h m a n y s u r g i c a l s u p p l y 
houses ) . 

1 1 . Expe r imen te r B o x , CAT # 2 7 0 - 2 3 2 
(avai lable at m a n y R a d i o S h a c k 
s tores) . 

12 . T w o 4 / 40 m a c h i n e sc rews 1" long 
wi th nu ts a t t ached . 

T h e a s s e m b l y o f the B . A . S . M . / E . P . P . O . 
is s h o w n in I l lustrat ions A - M . I t em n u m 
bers in ins t ruct ions refer to i tems in the 
a b o v e list. 

T h e B . A . S . M . can eas i ly b e adap ted for 
use w i t h any external ly p o w e r e d or thos is 
or pros thes i s that opera tes on a 6-volt 
sys t em. It can be adapted to opera te a 12-
volt sys t em b y subs t i tu t ing 12-vol t re lays 
a n d in tegra ted c i rcui ts . 

PRECAUTIONS 
A few precau t ions mus t be taken by 

users of the B . A . S . M . T h e B . A . S . M . wil l 
no t opera te proper ly if the p ressure intro
duced th rough the a i r h o s e to the sensors 
is no t expel led . Expel l ing the a i r vo lume is 
eas i ly accompl i shed by : 

1. R e m o v i n g the t ube from the mou th ; 
or 

2 . R e m o v i n g the tube from the " T " 
connec to r . 

Care mus t be taken to e l imina te sal iva 
and food part ic les f rom the tube to p reven t 
its interferr ing w i t h open parts o f the sen
sors w h i c h mus t no t be b locked . Spec ia l 
a t ten t ion m u s t b e g iven to th is p recau t ion 
w h e n the B . A . S . M . / E . P . P . O . is u sed for 
ea t ing ac t iv i t ies . S i m p l e , c o m m o n sense 

Figure 12-A. Attach Items #1 ,2 ,3 to pressure sensors. 

Figure 12-B. Attach Item # 8 (battery and orthosis con
nector wires) to printed circuit board. 



practices such as swal lowing drinks, food, 
or saliva pr ior to ac t ivat ion o f the swi tch 
should protect the swi tch and should no t 
interfere w i th ac t iv i t ies . 

RESULTS 
Al though formal ized cl inical evaluat ion 

us ing an evalua t ion protocol w h i c h w e 
have deve loped is still underway, informal 
obse rva t ions reveal a clear super ior i ty o f 
the B . A . S . M . over o ther swi tch ing m e 
c h a n i s m s w e have tr ied for the E.P .P .O. 
T h e B . A . S . M . / E . P . P . O . , by offering the 
pat ient s o m e direct use of h is hands , 

Figure 12-C. Using Items # 4 and # 5 , make arm band. 

Figure 12-D. Take Item # 6 and place on E.P.P.O. as shown above. 

Figure 12-E. Take Item # 1 0 and place small end of tip into the end of 5 / 3 2 " transparent tube (Item # 2 ) . 

Figure 12-F. Take Item # 7 
and wrap around the trans
parent tube (Item # 2 ) where 
it joins the tip. 



Figure 12-G. Place Item # 9 in Item #11, mark location 
of battery charger plug and battery connector wire 
Plug-

Figure 12-H. Use a 3/8" H.S. drill to drill a hole for 
plugs. 

Figure 12-I. Attach Item # 9 to Item #11 by drilling a 
1/8" hole as shown and inserting item #12. 

Figure 12-J. Place the B.A.S.M. into Item #11, locate 
the position for the 5/32" transparent tube, mark and 
drill with a 9/32" H.S. drill. 

Figure 12-K. Replace the bottom to Item #11, attach 
the arm band to the transparent tube and orthosis 
wire connector as shown. 



Figure 12-L. The assembled B.A.S.M./E.P.P.O. 

s e e m s to encourage the pa t ien t ' s par t ic i 
pa t ion in s t r eng then ing funct ions (e .g . , 
shoulder a n d e l b o w m o v e m e n t ) that have 
b e e n spared . 

T h e B . A . S . M . is m u c h eas i e r for pa t ien t s 
to learn to use than are the o ther sw i t ch ing 
m e c h a n i s m s . A l t h o u g h r e h a b i l i t a t i v e 
t ra in ing is still impor tan t to assure opt i 
mal funct ion and a c c e p t a n c e , 5 , 6 m o s t o f 
our pa t ien t s have b e e n able to opera te the 
or thos is w i thou t difficulty after on ly o n e 
t ra in ing sess ion . T h e ease o f use s e e m s to 
encourage pa t ients to try n e w tasks o n 
thei r o w n wi th the i r n e w or thos i s , for 
example , ea t ing fragile f inger foods such 
as po ta to ch ip s o r s andwiches . 

O n e o f the p r imary ob jec t ives has been 
to reduce the need for a t tendant care . It 
r e m a i n s to b e f o r m a l l y d e t e r m i n e d 
w h e t h e r th is ob jec t ive can be ach i eved to 
a suff icient ex tent that it wi l l improve the 
pa t ien t ' s ab i l i t ies to a t t end school o r en 
gage in gainful e m p l o y m e n t . H o w e v e r , 
our pa t ien t s agree that the i r n e e d to re
ques t he lp from o thers has b e e n reduced . 

CONCLUSIONS 
A B . A . S . M . can be s imply a n d e c o n o m 

ically adapted for use w i th the E .P .P .O. to 
p rov ide quadr ip legic persons w i t h eas i ly 
control led f inger p rehens ion . Ope ra t ion o f 
the B . A . S . M . does no t r equ i re the musc l e 
effort, p ropr iocep t ion , use o f contralateral 
l i m b s or ex tens ive t ra in ing that are n e c e s 
sary for the use o f o ther swi t ch ing sys t ems 
avai lable for E .P .P .O. use . Therefore , the 
B . A . S . M . should b e a useful tool to pro
v ide ear ly res tora t ion o f i n d e p e n d e n t 
funct ion to cer ta in quadr ip legic pe r sons . 
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