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Introduction. Functional outcome reports for people with quadrilateral amputation are
not common in the rehabilitation medicine literature. The literature describing functional
outcomes that does exist focuses primarily on people with a single or bilateral lower limb
amputation. This case report chronicles the interventions and outcomes in a single person with
amputation of all 4 limbs during an inpatient rehabilitation admission.

Case Description. The patient was a 59-year-old woman who had a quadrilateral ampu-
tation after developing disseminated intravascular coagulation. Her medical history and initial
physical therapist examination, along with preambulation interventions, gait training, and
scores from the Functional Independence Measure (FIM), are described. The results of the
10-Meter Walk Test (10MWT) and the Six-Minute Walk Test (6MWT) illustrate her progress
from novice ambulator to community ambulator over the course of 1 year.

Outcomes. The patient achieved her goal of community ambulation with her prosthetic
limbs. Her 10MWT and 6MWT results revealed significant improvement at the 1-year postdis-
charge follow-up.

Discussion. Despite the high energy levels necessary to ambulate with bilateral prosthetic
limbs, the patient achieved 86% of the predicted distance for her age and sex in the 6MWT.
In addition, she more than doubled her FIM motor score from inpatient acute rehabilitation
admission to discharge. Closed-chain exercise and a focused approach to this patient’s pre-
prosthetic training were part of her success in becoming a community ambulator.
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Q uadruple amputation is an
uncommon procedure, and the
literature on the topic is sparse.

Much of the available rehabilitation liter-
ature on amputation is concerned with
either lower limb or upper limb amputa-
tion or with amputation from trauma.1,2

One functional outcome report by Garri-
son and Merritt3 discussed the cases of 3
people with quadrilateral amputation as
an outcome of end-stage renal disease.
None of these people were fit with pros-
thetic limbs; therefore, the outcomes
reported were wheelchair-based mobil-
ity and function in compensatory activi-
ties of daily living (ADL). The authors did
include admission and discharge Func-
tional Independence Measure (FIM) data
that demonstrated functional improve-
ment without prosthetic fitting.3

Sansam et al4 identified the positive and
negative factors that can influence ambu-
lation in people with amputation.
Although Sansam et al listed specific attri-
butes influencing ambulation, their sys-
tematic review did not discuss specific
ambulation outcomes, which can vary
from unlimited community ambulation
to being bedridden. Volpicelli et al,5 in
1983, followed 21 people with bilateral
transtibial amputation through their ini-
tial rehabilitation and documented their
mobility levels.

This case report adds to the rehabilita-
tion literature by illustrating interven-
tions that can improve FIM scores and
walking outcome measures in people
with quadrilateral amputation. The pur-
pose of this case report is to describe the
inpatient rehabilitation interventions,
admission and discharge FIM scores, and
walking outcome measures in a person
with amputation of all 4 limbs. The walk-
ing outcome measures—the 10-Meter
Walk Test (10MWT) and Six-Minute Walk
Test (6MWT)—include data from both
the inpatient stay and from a follow-up
1-year after discharge.

Case Description: Patient
History
Jane (not her real name) was a 59-year-
old woman in her normal state of health
in February 2013. She was employed,
active with her family, and used the
YWCA on a daily basis for strength and

cardiovascular training. She lived alone
in her own home and cared for a dog.
Her work involved community relations
and event management at a country club.
She developed what she thought were
symptoms of influenza and arrived via
ambulance at a local emergency depart-
ment (ED). The initial diagnosis at the ED
was pyelonephritis. Jane had kidney
stones, which were blocking her ureter.
After an emergency procedure to place a
ureteral stent, she was admitted to the
medical intensive care unit (ICU). She
developed septic shock, respiratory fail-
ure, and renal failure. She then devel-
oped disseminated intravascular coagula-
tion, resulting in critical limb ischemia in
all 4 limbs. She was comatose in the ICU
for 10 days. When she awoke, her arms
and legs were gangrenous below the
elbows and below the knees.

Four weeks after admission to the ICU,
she was discharged to a long-term acute
care hospital for nutritional support and
medical stabilization. During this time,
she was non-weight-bearing on her limbs
and required assistance with all ADLs,
including feeding.

After an additional 4 weeks (a total of 8
weeks after admission to the ICU), Jane
was readmitted to the orthopedic service
at the acute care hospital. One week
later, she underwent bilateral transtibial
and bilateral transradial amputations.
Two weeks after the amputations, her
kidney stones were removed. Three
weeks after the amputations (12 weeks
after admission to the ICU), she was
admitted to the Fairview Acute Rehabili-
tation Center, a 26-bed acute rehabilita-
tion unit in the University of Minnesota
Medical Center.

Examination and Systems
Review
At the initial physical therapist examina-
tion, Jane’s vital signs were stable. Her
pain was well controlled on a regimen
that included a scheduled long-acting
narcotic and a short-acting narcotic as
needed. She described her pain as post-
operative pain rather than phantom pain.
Neurological and cardiovascular screen-
ings were without pertinent findings.
The integumentary examination revealed
sutures in place on the upper extremities

without evidence of infection. On the
lower extremities, sutures also were in
place, with a 2- to 3-cm area on the
medial inferior portion of the right limb
that was draining serosanguineous fluid
but was without signs of infection.
Distal limb edema was present in all 4
limbs. The musculoskeletal examination
showed no focal range of motion defi-
cits. The strength of all major muscle
groups in all her extremities was graded
as 4 out of 5 according to manual muscle
testing. Regarding balance, Jane was able
to sit unsupported on the bed and dis-
played appropriate protective extension
with perturbations. Her functional
mobility was as follows: she was able to
roll in bed with use of the bed rail, to
move from sitting to a supine position
independently, to move from a supine
position to sitting with assistance to raise
her trunk, and to scoot on the bed by
“walking” with her hips. She completed
a bed-to-wheelchair transfer (with the
chair perpendicular to the bed) with
setup and physical assistance of 2 staff
members because she was not familiar
with the technique and the staff were
unfamiliar with her abilities. Initially, she
was unable to propel a manual or power
wheelchair. Her total FIM score at admis-
sion was 55 out of a possible 126. Her
FIM motor subscore was 25. Jane’s pri-
mary physical therapy goal at the time of
admission was to walk.

Clinical Impression 1
At the time of admission to Fairview
Acute Rehabilitation Center, Jane had
been in the hospital for 12 weeks. She
had undergone a tremendous, life-
changing event. She was unable to care
for herself in any manner except to ask
for assistance. She was cognitively intact.
Her impairments were generalized weak-
ness and 4-limb amputation. She had
many functional limitations, including
needing assistance with bed mobility,
transfers, and locomotion; an inability to
perform her preferred leisure activities,
including exercising at the YWCA and
walking the dog; and an inability to work
in her previous employment situation.

Jane’s presentation was unusual. She
technically had vascular, as opposed to
traumatic, amputations, but she did not
have the peripheral vascular changes
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often associated with vascular amputa-
tion. Importantly, she also had intact sen-
sation in her residual limbs.

Jane’s primary problem was immobility.
At the outset, it was unclear whether she
would be able to ambulate successfully
with prosthetic limbs. In a systematic
review, Sansam et al4 identified factors
that can influence ambulation in people
with amputation. In Jane’s situation, the
positive factors were distal amputation,
intact cognition and memory, normal
body mass index, and high level of phys-
ical fitness and walking status preopera-
tively. The negative factors were bilateral
upper- and lower-limb amputation, pos-
sible delayed wound healing, being
dependent in ADLs, and being unable to
stand on one leg. Jane seemed to have
more factors in favor of being able to
ambulate than against being able to
ambulate. As the rehabilitation team met
with the prosthetist, the next question
was what level of ambulation would she
be able to accomplish? Ambulatory status
in people with amputation varies from
unlimited community ambulation to bed-
ridden. In a study by Volpicelli et al,5 21
people with bilateral transtibial amputa-
tion were followed through their initial
rehabilitation. Of those 21 people, 1
advanced to independent community
mobility, 9 to limited community mobil-
ity, 4 to independent household mobil-
ity, and 7 to wheelchair-based mobility.
None remained bedridden.5 These data
also appeared to be in Jane’s favor.

Regardless of her eventual success with
ambulation, Jane needed to be mobile
with a wheelchair during the prepros-
thetic period and, in the long term, to
cover days she was unable to wear her
prostheses. For these reasons, a wheel-
chair vendor and a therapist certified in
assistive technology were consulted for
assistance in prescribing a power wheel-
chair. The power wheelchair was avail-
able within 10 days and allowed Jane the
autonomy to move independently on the
unit.

If she was to become an ambulator, Jane
needed to have sufficient strength in her
hips and trunk. She was accustomed to
exercise and lifting weights prior to
admission. The preprosthetic exercise

program at our facility aims to strengthen
the primary movers and stability muscles
of the involved extremity and pelvic gir-
dle. Because Jane had a quadrilateral
amputation and had short lever arms for
resistance exercise, facility staff dis-
cussed possible methods of closed-chain
exercise so that she could use her body
weight as resistance instead of the con-
ventional cuff weights of progressive
resistance exercise. Another consider-
ation for exercise was cardiovascular fit-
ness. She had already been bedridden for
12 weeks and was recovering from seri-
ous illness. Fisher and Gullickson,6 in a
review of the literature, identified that
people with bilateral transtibial amputa-
tion walk more slowly than people who
do not have amputations: 66 m/min and
80 m/min, respectively. Fisher and Gul-
lickson also noted that people with bilat-
eral transtibial amputation, while walk-
ing 17% more slowly, use nearly 9 times
more energy per minute per kilogram
than people without amputations: 0.070
kcal/min/kg and 0.0076 kcal/min/kg,
respectively.

Intervention
Jane was treated primarily by 2 physical
therapy staff members during her stay, a
physical therapist and a physical thera-
pist assistant. These two collaborated
daily on the planning of Jane’s daily 90
minutes of physical therapy. In general,
each day alternated between the upper
extremities and shoulder girdle and the
lower extremities and hip girdle. One of
the 2 daily sessions was dedicated to
muscle strengthening, the other focused
on skills for meeting other functional
goals. She also received 90 minutes of
occupational therapy each day that
addressed her goals of self-care and
upper extremity prosthesis use.

An extra bed in an empty room of the
rehabilitation unit was used to devise
what came to be called the “jungle gym.”
The over-bed trapeze was modified to
allow the attachment of a 36-in (91.44
cm) horizontal bar and TheraBand resis-
tance bands (The Hygenic Corp, Akron,
Ohio) in sets of yellow, red, and green.
The height of the bar could be changed
depending on the exercises being per-
formed. She performed the following
exercises: resisted single-leg hip exten-

sion (supine), hip abduction (side lying),
hip adduction (side lying), bilateral scap-
ular adduction (semi-reclined), and bilat-
eral scapular depression with shoulder
adduction (sitting facing away from the
unit). Each exercise was performed in
circuit fashion for 3 sets. Repetitions
ranged from 8 to 15 per set. When she
could do 15 repetitions in all 3 sets, the
resistance for that exercise was
increased by one TheraBand level. Body-
weight resistance exercises were per-
formed with her legs on the bar to do hip
extension, hip abduction, and hip adduc-
tion. Trunk muscle strengthening was
performed in side-lying plank positions.
Outside of her formal physical therapy
appointments, she also performed 30
repetitions of quadriceps femoris muscle
isometric exercises, gluteus maximus
isometric muscle exercises, side-lying
hip abduction, and prone hip extension
each day.

Interventions to meet functional goals
were performed in the therapy gym. Ini-
tially, her legs were too painful for the
tall kneeling or quadruped positions;
however, after about 10 days, she toler-
ated these positions quite well. These
sessions focused on transitional move-
ments in and out of side-lying, prone,
side-sitting, modified quadruped, and tall
kneeling positions. She gained enough
strength, flexibility, and confidence so
that she could move from a supine posi-
tion to tall kneeling without physical
assistance. She could walk on the mat
table in tall kneeling using a stability ball
for upper extremity support.

Cardiovascular exercise was performed
daily for 10 minutes at the jungle gym
with a lightweight TheraBand attached
to either both of the upper extremities or
both of the lower extremities for a low-
resistance repetitious motion, which was
timed and monitored to get her heart
rate to 65% of estimated maximal heart
rate. It was difficult to consistently get
her heart rate much higher than 65% due
to her short lever arms.

Strengthening and conditioning in the
preprosthetic phase lasted for 5 weeks.
During this time, preprosthetic limb
shaping was occurring, and decisions
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were being made regarding prosthetic
fitting.

Clinical Impression 2
In a collaborative process, the prosthe-
tist, physiatrist, and physical therapist
decided to initially fit Jane with lower
extremity prostheses that used a strap
and waist belt suspension system. Large
limb volume changes were anticipated
and this prosthesis would allow for easy
adjustments in the clinic without requir-
ing the prosthetist to be immediately
available. When the initial socket size
required 15-ply socks, the next socket
was made with a sleeve and pin suspen-
sion. Jane has continued to use this
suspension.

For her upper extremity limbs, Jane
wanted an anatomical hand rather than a
hook terminal device due to the impor-
tance of a more natural cosmetic appear-
ance. Her residual upper extremities lost
the excess fluid from swelling more read-
ily. She initially was fit with sleeve sus-
pension myoelectric prostheses. Learn-
ing to use this system proved to be
complicated and frustrating to Jane and
her family. She agreed to wear a body-
powered harness suspension with a
hook terminal device and continues to
use this system.

Outcome
At the time of discharge after 13 weeks in
the rehabilitation unit, Jane’s functional
mobility was as follows: she was able to
roll in bed independently without the
use of a bed rail and to transition from
sitting to supine and supine to sitting
positions independently. She could trans-
fer independently from the bed to a
wheelchair and from the wheelchair to
toilet without her prosthetic limbs, and
she could transfer independently from
the bed, toilet, and standard chairs when
she was wearing her lower prosthetic
limbs. She was independent using a
power wheelchair. She could climb 12
stairs reciprocally with contact guard
assistance. Her total FIM score at dis-
charge was 104 out of a possible 126.
Her motor subscore was 71. Her gain in
total FIM score during her inpatient reha-
bilitation stay was 49; her gain in FIM
motor score was 46 (Tab. 1).

Jane did not gain independence in don-
ning her prostheses. Her residual upper
extremities were quite short and,
although they were able to support a
prosthetic socket, the extremities lacked
the function and flexibility to allow Jane
to place and roll the liner for the lower
extremity pin suspension system.

After the initial prosthetic limbs were fit,
an additional week passed before the ini-

tial timed walking test. The first 10MWT
time, 6 weeks after her admission to the
inpatient rehabilitation facility (IRF), was
92 seconds; this test was performed with
a platform walker and with contact
guard assistance. At 13 weeks after her
admission to the IRF, just prior to dis-
charge home, her 10MWT time was 6.8
seconds, without an assistive device
(Tab. 2). The 6MWT was performed 3
times: 11 weeks after admission to the

Table 1.
Jane’s Functional Independence Measure (FIM) Scoresa

FIM Item Admission Score Discharge Score

Comprehension 6 6

Expression 7 7

Problem solving 4 7

Memory 7 7

Social 6 6

Bowel 5 6

Bladder 5 6

Transfer 1 6

Lower extremity dressing 2 5

Upper extremity dressing 3 5

Toileting 1 6

Toilet transfer 1 6

Locomotion 1 6

Stairs 1 4

Eating 1 6

Grooming 1 6

Bathing 2 3

Tub transfer 1 6

Total score 55 104

Motor score 25 71

a FIM total and FIM motor scores include tub transfer data, unlike Medicare customary inclusions.

Table 2.
Jane’s Progression on the 10-Meter Walk Test

Time From Onset of
Prosthetic Training

Assistive
Device

Actual Time (s); Gait
Speed (m/s)

Change in Gait
Speed (m/s)

1 wk of prosthetic training Platform
walker

92 s, fast gait speed;
0.11

NA

8 wk of prosthetic training;
rehabilitation discharge (age 59 y)

None 6.8 s, fast gait speed;
1.47

1.36

1 year after discharge (age 60 y) None 5.6 s, fast gait speed;
1.79

0.32

Age-based norm for sixth
decade7 (m/s)

1.40 (preferred gait speed)
2.01 (fast gait speed)

Age-based norm for seventh
decade7 (m/s)

1.30 (preferred gait speed)
1.77 (fast gait speed)
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IRF, 13 weeks after admission to the IRF
(just prior to discharge), and 1 year post-
discharge. The 6MWT was completed
without an assistive device on all 3 occa-
sions (Tab. 3). The first trial of the
10MWT is reported to demonstrate the
breadth of change; however, this trial
cannot be used for comparison because
of the use of the platform walker.

Jane was discharged from acute rehabil-
itation to an assisted living apartment in
a continuum of care facility. She had
access to an exercise facility, and she
also received home care physical therapy
and occupational therapy. She pro-
gressed to outpatient occupational ther-
apy for specialized training with her
upper extremity prostheses.

At the time of the follow-up 1 year after
discharge, she continued to receive assis-
tance with morning and evening per-
sonal care, but was otherwise indepen-
dent throughout the day. The primary
barrier to her full independence was an
inability to don and doff her prostheses
without assistance. Over the course of
her first year out of the hospital, she sold
her home and integrated into a new com-
munity. She was able to provide care for
her mother when she was ill. She
regained the necessary skills for her pre-
vious job, although she decided not to
return to work.

Discussion
The intensive daily strengthening and
conditioning intervention early in her
recovery was part of Jane’s opportunity
for success as a community ambulator.
She also was highly motivated to succeed
and had a strong family support system.
Interestingly, the article by Sansam et al4

specifically states that motivation is a
neutral factor in prosthetic success.

The Rehabilitation Measures Database is
a concise source of psychometric data
for outcome measures used in rehabilita-
tion.7 The 10MWT is a measure of gait
speed in the World Health Organization’s
International Classification of Func-
tioning, Disability and Health (ICF)
domain of activity.8 Average gait speed
for women in the sixth decade is 1.40
m/s at a comfortable pace and 2.01 m/s
at a fast pace. The 6MWT is a measure of
cardiovascular endurance, also in the ICF
activity domain. Normative data for the
6MWT, for community-dwelling older
people, is available starting with the sev-
enth decade. Jane was 59 years 10
months of age at the time she was in the
rehabilitation unit. For community dwell-
ing women in their seventh decade, the
normative value on the 6MWT is 538 m.
The minimal detectable change (MDC) is
58.2 m.

At 1 year, Jane’s 6MWT gains were 4
times the MDC of 58.2 m7 and were 86%
of age- and sex-predicted values. Consid-
ering Fisher and Gullickson’s6 report of
energy costs and gait speed in people
with bilateral amputations, this is an
excellent outcome.

A critical look at Jane’s outcome measure
scores shows that she approached the
normative scores for people in the sev-
enth decade. Future tests might use
other outcome measures, but taking into
account Fisher and Gullickson’s6 work
on energy expenditure and the initial
10MWT score of 92 seconds, it was not
expected that the walking scores would
improve so significantly.

In 2013, the average overall FIM effi-
ciency for people with a lower extremity
amputation at the Fairview Acute Reha-
bilitation Center was 1.77 (n�8). Func-
tional Independence Measure efficiency
is a mathematically determined number
that uses the difference between the
total FIM admission score and the total
FIM discharge score divided by the num-
ber of days of the inpatient rehabilitation
admission. For this patient, the numbers
used were 55, 104 (from Tab. 1) and 90.
Jane’s FIM efficiency was 0.54, which
was significantly below this average. The
average length of stay after amputation in
fiscal year 2013 was 23.9 days, Jane’s
length of stay was 90 days (unpublished
MF94-UDS-PRO Executive Summary of
Cases Discharged; 2013). In their article
on functional recovery of people with
lower limb amputation, Stineman et al2

noted that an increase in the FIM
score by a single point can lessen the
burden of care by 2 to 5 minutes each
day. Jane progressed from needing total
care 24 hours a day to needing just 45
minutes of care twice daily at the time of
discharge.

The ability to functionally ambulate was
Jane’s initial hope and goal. A compo-
nent of her progress toward meeting that
goal was participating in a focused,
directed treatment plan that took into
account not only her mobility impair-
ments, but also her musculoskeletal and
cardiovascular needs. This case report
describes a treatment plan that went
beyond standard preprosthetic care and
documents significant changes in this
patient’s functional abilities.

Dr Kimble is a Geriatric Certified Specialist
and Neurologic Certified Specialist.
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