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Approximately 6-10,000 upper-extremity 
amputations are performed each year in 

the U n i t e d S t a t e s ( 6 , 9 , 1 8 ) . S u c c e s s f u l 
r e h a b i l i t a t i o n a f t e r u p p e r - e x t r e m i t y 
amputation has significant economic impact 
both to the amputee and society, since most 
upper-extremity injuries occur in young 
working males (5,11). 

Although the success rates for fingertip, 
finger, and hand replantation exceed 9 0 per­
cent in most centers, the success rate for replan­
tation above the wrist averages 50 percent or 
less in most institutions (2 ,4 ,8 ,13,14) . 

The current success rate for rehabilitation 
after upper-extremity amputation with fitting 
of conventional prosthetic devices is 50 percent 
or less (1,3,5,7-9,15) . Although slightly more 
than 100 cases of rapid or immediate post­
surgical prosthetic fitting after upper-extremity 
amputation have been reported, there appears 
to be a relative lack of interest in this area (9). In 
addition, although there have been many 
significant improvements in the quality, func­
tion, and reliability of externally powered 
upper-extremity prosthetic devices during the 
last five years, most of this technological ad­
vancement has been lost on contemporary 

surgical and prosthetic care. The purpose of this 
report is to review our experience with upper-
extremity immediate postsurgical fitting utiliz­
ing conventional, electric, and myoelectric 
components. 

MATERIALS AND METHODS 

PATIENT DATA 

Between April 1, 1979 and December 31 , 
1980 , twelve patients with traumatic or elected 
upper-extremity amputations were treated 
with immediate postoperative prosthetic com­
ponents (Table 1). The etiology for upper-
extremity amputation included trauma (eight), 
stroke (two), brachial plexus injury (one), and 
tumor (one). The one patient with a brachial 
plexus injury required simultaneous shoulder 
arthrodesis in order to obtain shoulder stability 
for elbow control. 

During this same period seven additional pa­
tients, all of whom were prior users of conven­
tional prosthetic devices, were fitted with elec­
tric and myoelectric components for testing 
and evaluation (Table 2). 



SURGICAL T E C H N I Q U E 

Although maximum limb length was usually 
preserved, amputation stumps were modified 
as needed at the lime of surgery to permit optimal 
fitting and fabrication of the prosthetic com­
ponents to be used. All amputations were 
closed primarily when possible, and a myo­
plasty, myodesis, or both were performed in all 
cases. The postoperative prosthetic devices 
used immediately after surgery were con­
structed so that they could be removed to allow 
frequent wound inspection and permit rapid 
prosthetic modification or repair (Fig. 1). 

P R O S T H E T I C T E C H N I Q U E 

Standard immediate postoperative prosthetic 
techniques (IPOP), as utilized in lower-extrem­

ity amputation, form the basis for the initial up­
per extremity cast (11,12) . The IPOP cast con­
sisted of Owen's silk against the skin as a 
separating agent, lamb's wool for distal stump 
padding, felt pads for relief for bony prom­
inences, a Spandex stump sock, and Elastiplast 
for construction of the outer plastic shell. An at­
tempt was made to provide cosmesis in con­
structing the original plaster prosthesis at all am­
putation levels (Fig. 1). Below-elbow prosthetic 
devices were attached to the IPOP cast using a 
f lexible acryl ic- laminate shell which was 
secured to the cast with tape or plaster or both 
(Figs. 2 and 3). Above-elbow prosthetic devices 
were attached to the IPOP cast through the use 
of a flexible polypropylene sleeve which was 
secured to the elbow turntable by metal band 
clamps and the IPOP cast with tape and/or 



F i g . 1. S t a n d a r d a b o v e - e l b o w L i b e r t y M u t u a l / O t t o B o c k 
r e m o v a b l e prosthesis . 

Fig . 2 . A preassembled be low e lbow immediate ly pos toperat ive prosthesis with electric 
hand and flexible acrylic laminate f o r e a r m . 

Fig. 3 . Be low-e lbow prosthet ic c o m p o n e n t s are a t tached t o the 
I P O P cast via flexible laminate acrylic shell with either tape o r 
plaster. 



plaster (Figs. 4, 5, and 6). All IPOP prosthetic 
limbs were constructed to allow interchange of 
hand and hook. 

Our initial patients were fitted with com­
ponents with either electric or myoelectric con­
trols, but we now fit our patients with com­

ponents that have been adapted for both switch 
(electric) and myoelectric control systems. 

Below-elbow IPOP casts are locked at 9 0 
degrees of flexion to obtain a self-suspending 
below-elbow prosthesis. A single axillary 
harness is used for switch and/or cable control. 

Fig. 4. A preassembled above-e lbow immediate pos topera t ive prosthesis . 

Fig. 5. T h e above -e lbow prosthesis is a t tached to the prosthet ic cast by incorporat ing the flexible 
po lypropylene sleeve into the I P O P cast after appropr ia te length and posit ion adjustment 
utilizing t a p e a n d / o r plaster. 



Fig. 6. In o r d e r t o maintain a d e q u a t e above-e lbow suspension, the locat ion o f our three point 
harness is crucial and the usual locat ion o f the harness center point is shown in this p h o t o g r a p h . 

Harnessing for above-elbow amputees usu­
ally involves a figure-of-eight harness with ax­
illary strap, but is individualized as required. 
Switch control is obtained from any point on 
the harness which will allow maximum patient 
function. 

Myoelectric control points for all amputation 
levels are determined by standard myotesting 
procedures with the Ot to Bock myotest unit. 

For all amputation levels, switch control 
mounting sites are located carefully for hand 
and elbow components so that the standard 
physical motions required for utilization of a 
conventional hook and cable prosthesis are the 
same as required to utilize our electric com­
ponents. When this type of standardized ap­
proach to training is used, all patients fitted with 
IPOP electric or myoelectric components can 
also be fitted with conventional hook-and-cable 
components and thus achieve immediate func­
tion of the conventional devices while waiting 
for their first temporary powered prosthesis 
which is provided in 4-6 weeks. 

In general, we do not fit myoelectric pros­
thetic devices with electrodes at the time of 
surgery, but wait until the IPOP cast has dried 
for 24 hours or the time of first cast change 
(7-14 days postamputation). This approach has 
been adopted in order to avoid water damage 

to the electronic components during casting 
and to allow time for myotesting and deter­
mination of adequate electrode sites. 

Our basic prosthetic components include the 
Liberty Mutual "Boston" myoelectric elbow 
which has been modified to allow switch con­
trol, United States Manufacturing/Fidelity Electronics/VANU electric 12-volt hand and the 
Ot to Bock electric/myoelectric 6-volt hand. 

O C C U P A T I O N A L T H E R A P Y 

Occupational therapy is begun on the first 
postoperative day and is continued on a daily 
basis throughout the patients' entire hospital 
course. The primary goal of occupational 
therapy is accelerated training of the patient to 
use the prosthesis, which is followed by train­
ing in the use of the prosthetic device in a two-
handed manner for activities of daily living and 
job training, rather than teaching one-handed 
skills and use of the prosthesis as an assistive 
device. 

CENTER A P P R O A C H 

All patients are treated in a dedicated am­
putation rehabilitation center (9-12). While in 
the hospital, all patients are seen daily by all 
members of the amputation-rehabili tation 
team. When discharged from the hospital, pa-



tients are fol lowed longitudinally by all 
members of the team. Outpatient care is 
organized by and is under the direction of the 
amputation-rehabilitation team coordinator 
(SJC). Our program coordinator also supervises 
the educational training that the patient and his 
family receive during the pre- and postopera­
tive periods as well as provide liaison between 
our program and other community agencies. 

RESULTS 
All wounds that were closed primarily 

healed primarily (12/12, 100). None of the pa­
tients treated with immediate postoperative 
prosthetic casting techniques had any injury to 
the amputation stump due to the cast or the im­
mediate fitting of prosthetic devices. 

There were no operative deaths and no acute 
morbidity. O n e late stump revision (1 yr) was 
performed for ectopic bone formation. 

All three above-elbow amputees fitted with 
immediate postsurgical conventional hook-
and-cable prosthetic devices had complete 
function with the ability to lock the elbow in all 
positions as well as open and close the terminal 
device in all positions within an average of 
seven days (range 2-14 days). Patients fitted 
with immediate postsurgical electric hands and 
elbows were functional after 10-15 minutes of 
training, and patients fitted with myoelectric 
elbows and hands were functional within 12-48 
hours after initial training and practice. 

At one month after amputation, all of our pa­
tients were wearing their new prosthetic de­

vices effectively (12 /12 , 1 0 0 % ) . Longterm 
followup shows the following: one above-
elbow amputee died six months after hospital 
discharge in an automobile accident; however, 
at the time of death he was wearing his pros­
thesis 12-14 hours a day and using it for work 
and activities of daily living; one patient has 
quit wearing his forequarter prosthesis because 
of complicated medical and psychological prob­
lems which have required repeated hospitaliza­
tion; all other patients (10/10, 1 0 0 % ) continue 
to wear their prosthetic devices 8-18 hours per 
day (average 12 hrs) and use them in all ac­
tivities of daily life and work. 

The rate of employment after traumatic or 
elective upper-extremity amputation for our 
group of patients is demonstrated in Table 3: 
Four of six patients employed before amputa­
tion have been successfully reinstated at their 
same job after amputation; two patients are in 
training for new jobs; three patients were 
students when injured and all three have re­
turned to school; two patients were in retire­
ment at the time of injury and have gone back 
to their postretirement activities; and one pa­
tient who was unemployed when injured was 
temporarily rehabilitated and employed. All 
e m p l o y e d pa t ien t s use their e x t e r n a l l y 
powered prosthetic devices rather than their 
conventional prosthetic components for work 
and most activities of daily living. Time from 
amputation to work ranges from one week to 
one year (mean 3.8 months), and the length of 
time at work ranges from 3-18 months (mean 
8.4 months) (Table 3). 



None of our surgical patients have de­
veloped painful phantom syndromes. In fact, 
many of these patients have transformed all 
sensory feeling from their phantom limb to 
their prosthetic device. This sensory transforma­
tion of phantom sensation to the prosthetic limb 
applies only to those patients fitted with im­
mediate postsurgical prosthetic devices (fitted 
within one month of amputation) and was not 
seen in our seven patients who were fitted 
months to years after their original amputation. 

Evaluation of our seven amputees who were 
prior wearers of conven t iona l prosthet ic 
devices and then provided externally powered 
prosthetic components is shown in Table 2. All 
seven patients are employed and all preferen­
tially use their externally powered prosthetic 
devices for work, recreation, and/or activities 
of daily living. 

Comparison of hand-versus-hook function 
by patients suggests that electric and myoelec­
tric prosthetic hands provide increased function 
when compared to standard prosthetic hooks. 
Those patients doing heavy manual labor had 
some difficulty with their electr ic hands 
because of component failure and breakage. A 
few of these patients have returned to using 
their hook for heavy work; however, none of 
these patients want to give up their hand for 
light work, social functions, or activities of 
daily living. 

As might be expected, all patients are ex­
tremely pleased with the cosmetic value of 
their externally powered components. 

DISCUSSION 
The success rates for rehabilitation after 

upper-extremity amputation vary with the 
quality of surgery, type of prosthetic fit, quality 
of fit, and the patient. In general, the success 
rates for rehabilition after upper-extremity am­
putation are highest when the patient is fitted as 
rapidly as possible after injury (3,5,7,16-20) . 
Conventional (soft or rigid dressing without fit­
ting the terminal device until after complete 
wound healing and complete stump matura­
tion) upper extremity-amputation and rehabili­
tation often result in late fitting of upper-ex­
tremity amputees. By the time an amputee is fit­
ted with a prosthetic device in most settings 
where mean delivery time of the prosthesis is 

six months (6), he has become skilled at being a 
one-handed individual and sees very little use 
for "assistive" prosthetic devices. 

In a previous publication we noted that the 
overall rehabilitation data on 109 published 
cases of rapid and/or immediate postsurgical fit­
ting for upper-extremity amputation docu­
mented a rehabilitation time which averaged 
ten days, a mean fitting time for permanent pro­
stheses of approximately 12 weeks, and most 
importantly, an overall amputee rehabilitation 
rate greater than 9 0 % (100/109) (9). During the 
past 20 months, our group has fitted all levels of 
traumatic upper-extremity amputation from 
below-elbow to forequarter with immediate 
pos topera t ive convent iona l , e lec t r ic , and 
myoelectric prosthetic devices. In addition, we 
have performed several elective above-elbow 
amputations with the fitting of externally 
powered devices in patients with neurologic 
dysfunction of their arm due to stroke or 
brachial plexus injury. All of our patients had 
rapid prosthetic function with rehabilitation 
times ranging from 10-15 minutes to 2 weeks, 
depending upon the type of device which was 
fitted to the patient. In general, the rehabilita­
tion times for patients fitted with externally 
powered upper-ext remity componen t s is 
significantly less than that required for patients 
fitted with conventional hook-and-cable pros­
thetic devices. 

Although our patient group is small and our 
data are preliminary and further longitudinal 
evaluation is required, our data suggest that pa­
tients fitted with immediate postoperative pro­
sthetic devices and who were employed prior 
to amputation, can continue to be employed 
after amputation at their prior job in most cases. 
Several of our patients have had to undergo job 
training and have not been able to return to 
their original job, not because of physical in­
capacitation, but because of either specific in­
struction from legal counselors or because of 
local union-employer agreements regarding 
disability and rehabilitation. 

The patients we have studied who have been 
conventional prosthetic users prior to receiving 
externally powered prosthetic components all 
prefer externally powered prosthetic devices 
for all but heavy work or water related recrea­
tional activities. In addition, all of our patients 
fitted with immediate postoperative prosthetic 



components and then supplied with both con­
ventional and externally powered prosthetic 
devices after rehabilitation prefer their exter­
nally powered components for most activities. 

All of our patients who were provided with 
both an externally powered hand and a cable 
controlled hook prefer the electric/myoelectric 
hands for almost all activities. 

W e believe that, if possible, the amputation 
stump should be closed primarily with a 
myoplasty and/or myodesis technique. Ade­
quate muscle stabilization is especially impor­
tant when a myoelectric prosthetic device is to 
be fitted to the patient. In addition, we believe 
the amputation stump should be modified as re­
quired at the time of initial surgery in order to 
allow the best possible fit of the planned perma­
nent prosthetic devices. 

Early in our series, three above-elbow am­
putees were fitted with conventional prosthetic 
components. W e no longer utilize conventional 
prosthetic components for immediate postsurg­
ical fitting due to prolonged rehabilitation time 
with respect to prosthetic function compared to 
externally powered components and because 
our patients achieve greater functional capabili­
ty through the externally powered components 
than is possible through the use of conventional 
hook-and-cable prosthetic devices. 

When comparing stump wrapping after am­
putation of the upper-extremity and late fitting 
of conventional prosthetic devices to im­
mediate postoperative fitting we believe that 
there are multiple advantages to immediate 
postoperative prosthetic application of either 
conventional or externally powered prosthetic 
devices for upper-extremity amputation in­
c lud ing c o n t r o l o f e d e m a , d e c r e a s e in 
postoperative pain and phantom limb sensa­
tions, accelerated wound healing, improved 
stump stability, enhancement of stump matura­
tion, rapid patient rehabilitation, decreased 
length of hospital stay, decreased hospital costs, 
improved psychological outlook of the patient, 
increased prosthetic use, and maintenance of 
some type of proprioceptive input through the 
amputation stump. 

In using externally powered upper-extremity 
devices it is important that the total weight of 
the final permanent prosthetic arm does exceed 
the weight of the amputated limb. In our exper­

ience it is possible to construct both myoelectric 
below-elbow prostheses and electric/myoelec­
tric above-elbow prostheses (with power hand 
and 2 battery packs) which weigh the same or 
less than the amputated limb (2-2lbs, below-
elbow, 5-5lbs, above-elbow). In addition, an­
cillary suspension techniques such as suction 
socket, partial suction socket, and Silastic sleeve 
suspension are all great aids in achieving in­
creased patient range of motion and decreased 
overall prosthetic weight. 

Most externally powered prosthetic devices 
have been durabie and reliable. W e have had 
few p rob lems wi th the L ibe r ty Mutua l 
"Boston" myoelectric elbow, the Ot to Bock 
e lect r ic /myoelect r ic 6-volt hand, and the 
United States Manufacturing/Fidelity/VANU 
12-volt hand; however, the US Manufactur­
ing/Fidelity Electronic/VANU electric elbow 
and electric elbow-hand combinations have 
been very disappointing and we no longer use 
those externally powered devices. 

It is our overall feeling that further investiga­
tion into rapid rehabilitation and improved pa­
tient function with immediate postsurgical 
application of externally powered prosthetic 
devices for upper-extremity amputation is 
definitely warranted due to the potential 
advan tages to the pa t i en t and s o c i e t y . 
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