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Abstract

Background: This clinical trial examined the effectiveness of a hip prosthesis (HP) for exercise tolerance/
performance using cardiopulmonary ergometer exercise testing in a trans-pelvic amputee for improving
physical fitness.

Case Presentation: A 50-year-old male had undergone left trans-pelvic amputation due to osteosarcoma
primarily in the left femur. After 9 months of continuous post-amputation physiotherapy, he performed
breath-by-breath incremental upright cycle ergometer exercise (CERx) with 5W ramp-up (1W increasing
every 12sec) to exhaustion in three different conditions: without the HP (HPoff) and with a fitted
prosthetic leg HP with/without pedal rotation by the prosthetic leg (HPon+ and HPon-, respectively).
Peak oxygen consumption (VO,peak), work rate, exercise time, and other parameters were measured. The
peak work rates for HPoff, HPon-, and HPon+ were 24, 42, and 50W, respectively, associated with exercise
times of 293, 504, and 606 sec; VO,peak of 12.6, 12.0, and 14.6ml/kg/min; peak heart rates of 158, 147,
and 148 beats/min; and mean blood pressure of 133, 143, and 122mmHg.

Conclusion: For CERx to exhaustion, a fitted prosthetic leg HP (HPon+) increased peak work rate and
exercise time (~2.1-fold) compared with one-legged CERx (HPon- and HPoff). The stability of two-legged
pedal cranking may be improved compared with one-leg pedal cranking. Furthermore, the exercise time
for HPon- was 1.7-fold (211s) longer than for HPoff, potentially because the pelvic socket provided a more
stable sitting fixation/position on the saddle, allowing stable unilateral leg pedal rotation. VO,peak was
similar between HPoff and HPon-, representing equivalent limitations for one-legged working muscle
metabolism to exhaustion, but the slightly higher value (+2.54ml/kg/min) for HPon+ compared with
HPon- may indicate more effective utilization of working muscles via two- legged pedal cranking. This
case indicates the utility of an HP for two-legged exercise program development in trans-pelvic/hip
disarticulation amputees.

Keywords: Exercise performance; Oxygen consumption (V-dot O,); Hemipelvectomy amputee; Hip
disarticulation; Hip prosthesis; Prosthetic leg

Introduction

Hip disarticulation due to a major ablative surgery may result in complete loss of limb
functionality [1-4]. The remaining single leg may fundamentally lose two-legged walking
ability, leading to further decline in exercise tolerance because of the absence of two-legged
dynamic exercise such as running or bicycle exercise [5] even if a hip prosthesis (HP) can be
completely utilized. In the early phase post amputation, loss of one leg with hip joint ability
may initially be necessary for further improvement of the locomotive function of the pelvis,
trunk, as well as activity of the healthy leg. Thus, physical therapy for a hip disarticulation
amputee may initially focus on the ability to achieve one-legged standing motion and body
balance before fitting an HP [6] with compensation for the complete loss of activity of the major
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pelvic muscle group connected to the proximal femur in the basal
state [1]. The use of one-legged upright cycle ergometer exercise
(CERx) may be difficult because of the lack of stability of the bottom
and lower body, and such exercise may be uncomfortable/painful
around the resection in a sitting/upright posture on the saddle.
However, dynamic physical fitness and activity are still required
for hip disarticulation amputees to prevent a reduction in aerobic
capacity.

In our previous case, 44-year-old male who underwent hip
disarticulation amputation because of osteosarcoma showed
improvement in knee range of motion, pedaling rate, and exercise
time following multiple sessions of single- leg recumbent cycle
ergometer exercise at 10 W over 6 consecutive days from day
15 in the early phase post amputation [7]. This previous case
clearly indicated difficulty in one-legged pedal cranking caused by
interaction between the upstroke and downstroke during pedal
rotation. Furthermore, one-legged CERx was not performed to
achieve high exercise intensity as aerobic exercise with increased
heart rate (HR). The data showed that exercise performance ended
in as little as 100sec because of leg fatigue without aiming for
aerobic exercise in multiple secessions of single-legged recumbent
CERx.

On the other hand, hip disarticulation amputees may be able
to perform two-legged pedal cranking ergometer exercise as
dynamic exercise for light to moderate-aerobic exercise (>10W)
if a prosthetic leg with a Canadian HP can be passively moved via
pedal cranking by the sound leg. Thus, two-legged exercise may
maintain physical activity with quantitative exercise tolerance in
the early phase after amputation. However, previous reports have
lacked clinically designed programs or case studies related to two-
legged dynamic CERx in hip disarticulation or other amputees.
Furthermore, it is unclear how the HP can effectively support
cycling exercise activity with both legs.

A. One-legged pedal
cranking/cycling
without the HP

(HPoff) (HPon-)

B. One-legged pedal
cranking/cycling with a fitted HP
without use of the prosthetic leg

This clinical case presents a middle-aged (50 years old) male
after hemipelvectomy (hPV) operation due to osteosarcoma and
examines whether an hPV amputee can perform two-legged
CERx. The study evaluated how the HP influenced upright CERx
performance including exercise tolerance, exercise time, work
rate intensity, and other parameters in the early phase post-hPV
to determine the effectiveness of the HP by comparing 1) one-
legged pedal cranking without the HP, 2) one-legged pedal cranking
with a fitted prosthetic leg HP without use of the prosthetic leg,
and 3) two-legged pedal cranking with a fitted HP with use of the
prosthetic leg.

Case Presentation
Subject

The case was a male amputee (age: 50 years and 3 months,
height: 174.2cm, weight: 106.4-108.7kg) with left hPV due to
osteosarcoma in around the femoral neck and greater trochanter.
He was treated for diabetes mellitus (diagnosed at age 42 years)
with a hypoglycemic medication and for hypertension. The non-
amputated right leg length was 110.5cm between the anterior
superior iliac spine and malleolus medialis. The lower length was
56.3cm between the knee joint space and lateral malleolus. The
circumference of the thigh was 72.0cm at maximum, 63.0cm at 10cm
above the patella, and 58.0cm at 5cm above the patella in the non-
amputated leg, and that of the lower leg was 46.4cm at maximum
at the initial hip prosthesis usage. The case study was conducted
in accordance with the principles of the Declaration of Helsinki
(1964) and with approval of the Institutional Ethics Committee of
the authors’ institution. The participant gave written consent and
was informed of the nature and purpose of the clinical case trial and
publication, as well as potential risks and discomfort. The patient
was informed that withdrawal from the exercise sessions included
the general physical therapy in rehabilitation program was possible
at any time without consequences (Figure 1).

C. Two-legged pedal
cranking/cycling with a fitted HP
with use of the prosthetic leg
(HPon+)

Tak

Figure 1: Schematic illustration of the three kinds of exercise model.
A: One-legged pedal cranking/cycling without a hip prosthesis (HPoff), B: one-legged pedal cranking/cycling with
a fitted HP without use of the prosthetic leg (HPon-), C: two-legged pedal cranking/cycling fitted HP with use of the
prosthetic leg (HPon+).
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Time course for treatments

Perioperative rehabilitation with physical therapy was started
for muscle strength training in the right leg and both upper
arms (arm ergometer exercise) at 3 months before amputation.
Chemotherapy cisplatin/
doxorubicin hydrochloride. hPV was carried out because of primary
osteosarcoma in the femur. Postoperative rehabilitation started in
the intensive care unit on the third day after hPV operation, and a
daily rehabilitation program targeted improvement of basic action

consisted of methotrexate and

with balance ability using one-legged standing posture as well as
physical activity for the upper and lower body using forearm and/or
one-legged bicycle ergometer training until the HP was ready. There
were occasional occurrences of left phantom limb syndrome with
pain and shaping of the separation section post-hPV. A temporary
Canadian HP with hip joint (swing phase control using model nr.
7E4) configured using a rubber tension coordinated foldable
floating hinge type and knee joint (polycentric knee joint with
pneumatic swing phase control using model nr. 3R106) developed
by Ottobock. Co., Ltd., and a prosthetic foot (J-Foot using model nr.
M1170) produced by LAPOC and IMASEN Engineering Co., Ltd.,
was created in 8 months after hPV operation. Total weight of the
HP was 4.9kg. Stability in a standing posture and during walking
was used as training after fitting the HP. The K classification in the
present state was K2 (ability or potential for ambulation with the
ability to traverse low-level environmental barriers such as curbs,
stairs, or uneven surfaces and was considered a typical community
ambulator). Upright cardiopulmonary CERx testing using three

B: HPon-

different exercise models was performed from 25 days after initial
use of the HP (Figure 1).

Exercise protocol

Before exercise testing, the amputee was familiarized with one-
legged (without the HP or without use of the fitted prosthetic leg
HP) as well as two-legged (use of a fitted prosthetic leg HP) use
of the bicycle ergometer (Strength Ergo 8, BK-ERG-121, Mitsubishi
Electric Engineering Co., Ltd., Tokyo, Japan) using the pace of an
electric metronome at a target pedaling rate of 60 revolution per
minute, with adjustment of the optimal height and tilt of the bike
saddle (Figure 2). The hPV caused pain and discomfort when sitting
on the bike saddle without the HP. The three different exercise
models comprised: 1) one-legged pedal cranking/cycling with the
sound leg without the HP (HPoff) on the first day, and consecutively
2) one-legged pedal cranking/cycling with the sound leg when
fitted with the HP without use of the prosthetic leg (HPon-) on
the twelfth day, and finally 3) two-legged pedal cranking/cycling
when fitted with the HP with use of the prosthetic leg (HPon+) on
the eighth day. After 1 min rest, the amputee started breath-by-
breath cardiopulmonary upright CERx at a cranking pedal rate of
60 revolution per min without load for 3 min as a warm-up, then a
work rate was applied at 5W ramping-up by 1W every 12sec, and
until he reached exhaustion through leg and/or bottom fatigue. The
recovery period after the end of exercise allowed enough time for
potential occurrences of cardiovascular events such as arrythmia,

hypotension, and/or myocardial ischemic change.

Figure 2: Picture frame of cycling ergometer exercise for three different exercise models.

A: HPoff, B: HPon-, and C: HPon+. The explanations for exercise models (A-C) and the abbreviations are indicated in
Figure 1. The picture frames show cycle ergometer exercise movements following pedal rotation. HPon+ shows that
the left hip-knee joint in the prosthetic leg was passively extended and flexed following voluntary pedal rotation by

the sound right leg.
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Measurements

Pulmonary oxygen consumption (VO,) was measured using a
breath-by-breath gas analyzer (Aero monitor AE-310S, MINATO
Medical Science CO., Ltd., Osaka, Japan) and was determined during
the pre-exercise, upright CERx, and recovery periods. In addition,
parameters including carbon dioxide output (VCO,), minute
ventilation (VE),ventilatory equivalent for carbon dioxide (VE/
VCO,) and oxygen (VE/VO,), respiratory exchange ratio (RER
determined as VCO,/VO0,), and Anaerobic Threshold (AT) point
were also measured. One Metabolic Equivalent (MET) was defined
as 3.5ml/kg/min. This parameter average was measured at pre-
exercise for 1 min (basal/resting state), warming up for 3 min, AT
point, and peak-exercise, respectively. The presumed maximum VO,
(VO,max) was calculated to predict maximum HR using the formula:
220-age (i.e. 170bpm in the present amputee) using the analyzed
linear relationship between VO, and HR. The age standardized
value for VO2max was referenced as a minimum value of 26 ml/
kg/min (mean: 34; range: 26-45ml/kg/min) for Japanese males in
their fifties from the exercise standard for healthy life 2006 from the
Ministry of Health, Labour and Welfare. Electrocardiogram, arterial
systolic/diastolic Blood Pressure (BP) and HR as monitoring for the
cardiopulmonary exercise test (MLX-1000 system, Fukuda Denshi
Co., Ltd., Tokyo, Japan) were also determined throughout testing.
BP was monitored every minute using a sphygmomanometer cuff
tourniquet placed on the upper part of the left arm.

Result

The parameters for three exercise models for cardiopulmonary
exercise testing are shown in Table 1. The cardiovascular
parameters HR, BP, and VE at pre-exercise (basal/resting state)
were similar among the three exercise models. The basal metabolic
state (metabolic equivalent as oxygen consumption) at pre-exercise
for 1 min indicated almost 1 MET among the three exercise models.
Relatively lower MET (below 1.0) was observed for both HPoff
and HPon+ compared with HPon-, which may suggest slightly
lower values of HR, BP, VE, and respiratory rate. During the 3-min
warm-up, corresponding to pedal cranking without load, VO,
increased two times compared with the pre-exercise value. Peak
exercise time/work rate achieved at exhaustion for the two-legged
ergometer exercise (HPon+) was clearly longer compared with
one-legged ergometer exercise (HPoff and HPon-). In particular,
the peak work rate/exercise time were approximately two times
greater for HPon+ compared with HPoff. Moreover, the state after
HP fitting without use of the prosthetic leg (HPon-) prolonged the
exercise time by 211s compared with HPoff.

Exercise tolerance as a peak value for VO, was higher for HPon+
than HPoff and HPon-; however, it was similar between HPoff and
HPon- (Table 1 & Figure 3). One-legged cranking exercise both with
HPoff and HPon- showed greater increase in BP compared with
two-legged exercise (HPon+).

Table 1: The data for cardiopulmonary ergometer exercise test.

A: One-legged pedal cranking/cycle ergometer exercise (CERx) without the hip prosthesis (HPoff), B: one-legged pedal
cranking/CERx with a fitted HP without use of the prosthetic leg (HPon-), C: Two-legged pedal cranking/CERx with
a fitted HP with use of the prosthetic leg (HPon+), HR: Heart Rate, SBP/DBP: Systolic/Diastolic Blood Pressure, VE:
Minute Ventilation, RER: Respiratory Exchange Ratio, VO,: Oxygen Consumption, VCO,: Carbon Dioxide Output, W:
Weight, MET: Metabolic Equivalent, AT: Anaerobic Threshold. The AT point was not determined (indicated “-”) at HPoff.
Body weight was not same among three exercise models. The capital letter “V” in the table was defined as “V-dot”.

U— A. HPoff ‘ B. HPon- C. HPon+
One-Legged CERx Two-Legged CERx
Height, cm 174.2 174.2 174.2
Weight, kg 108.7 106.4 106.5
HR, beat/min 82 89 83
SBP/DBP (mean), mmHg 116/75 (89) 132/85(101) 126/81 (96)
VE, L/min 12.4 14.5 13.5
Pre-exercise for 1 min Respiratory rate, /min 16.9 19.6 18.2
RER as VCO,/VO, 0.87 0.89 0.94
VO,, ml/min 365 377 333
V0,/W (MET), ml/kg/min 3.36 (0.96) 3.54 (1.01) 3.13 (0.89)
HR 113 116 106
SBP/DBP (Mean BP) 141/90 (107) 167/100 (122) 133/84 (100)
VE 30.4 26.4 231
Warming-up for 3 min Respiratory rate 27.9 26.4 23.3
RER as VCO,/VO, 1.05 0.97 0.97
Vo, 796 734 640
VO,/W (MET) 7.32 (2.09) 6.90 (1.97) 6.01 (1.72)
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Work rate, watts - 27 31
HR - 132 133
Percentage of predicted max HR (=170bpm), % - 78 78
SBP/DBP (Mean BP) - 201/111 (141) 169/96 (120)
AT point VE - 36.9 44.9
Respiratory rate - 25.6 335
RER as VCO,/VO, - 1.06 1.05
Vo, - 1033 1170
VO,/W (MET) - 9.71 (2.77) 11.00 (3.14)
Exercise time, sec 293 504 606
Peak (=Max) work rate 24 42 50
HR 158 147 148
Percentage of predicted max HR (=170bpm) 93 86 87

SBP/DBP (Mean BP) 190/105 (133) 204/113 (143) 173/96 (122)
Peak exercise

VE 66.2 54 71.1

Respiratory rate 56.3 41.3 53.1

RER as VCO,/VO, 1.35 1.13 1.37

Peak VO, 1373 1279 1551
Peak VO,/W (MET) 12.63 (3.61) 12.02 (3.43) 14.56 (4.16)

Peak VO,/Presumed max VO,, % 78.4 84.6 81.3

Relative value of VO, max
Peak VO, /Age standardized max VO, (=26), % 48.6 46.2 56

Cessation of exercise

Rate of perceived exertion (Borg scale)

Leg fatigue (Borg scale 15 = hard)

HR (x10"' beats/min)

VO2 (ml/imin) WR
o o (watts)

<77 9 &
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Figure 3: Overall time course in parameters during cardiopulmonary cycle ergometer exercise tests.

A: HPoff was associated with shorter exercise time compared with B: HPon- and C: HPon+. VO, increased steeply to
peak exercise. For HPoff, the AT point was not evaluated and measurements in most of the recovery phase were not
recorded. A: HPoff, B: HPon-, and C: HPon+. Explanations of the exercise models (A-C) and the abbreviations are
indicated in Table 1 and Figure 1. HP: hip prosthesis, R: rest (pre-exercise), W-up: warming-up, Ex: exercise, Rec:
recovery. The capital letter “V” in the figure was defined as “V-dot”.

Discussion

In the present clinical case of an hPV amputee, HP fitting using
a prosthetic leg for two-legged (sound and prosthetic leg) CERx
allowed prolonged exercise times for upright CERx. Moreover,
this study was not only unique in fitting an HP with an artificial
prosthetic leg for two-legged CERx but also in comparing sound-
legged CERx between fitting and non-fitting pelvic sockets to
understand the effectiveness of sole pelvic socket usage. For the

present amputee, exercise tolerance expressed as maximum VO,
increased by approximately 1.2 times for two-legged exercise
with HPon+ compared with one-legged exercise with HPoff, with
potentially increased activation of muscles in the single (right) leg
and other muscle groups in the upper body because of increasing
work rate during incremental ramp-up CERx. This suggested
that utilization of an HP for hip disarticulation/hPV amputees
may be more important when performing high intensity dynamic
two-legged exercise as well as considering the initial approach
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for the aerobic two-legged exercise for natural body sensation.
Furthermore, this work continues the findings of our previous case
series, which involved estimation of the physiological and kinematic
features for amputated legs with a leg exercise model focused on
dynamic knee extensors [8-10] and one- legged recumbent CERx
[7]- These findings are discussed below.

Considerations for differences in performance between
HPon- and HPoff during one-legged ergometer exercise

The Canadian HP is utilized for amputees with hemi-
pelvic resection, hip disarticulation, and extremely short thigh
amputation. The number of cases of such HP amputees is extremely
few, accounting for only 0.2% of all lower limb amputees [3,11].
Amputees with a fitted HP sometimes have discomfort due to the
feeling of pressure in the socket and the weight of the prosthetic
leg, instability during transfer, standing up, sitting down, and
walking. During walking, the high energy requirements for hip
disarticulation amputees is as much as 200% greater than those of
normal subjects [12]. Furthermore, the gait with a prosthetic limb
leads to higher energy consumption compared with a gait with
crutches [13-16], and energy expenditure for such a gait increases
by 82%, which may potentially lead to patients being confined to
a wheelchair or bedridden [17,18]. For the reasons mentioned
above, in most previous case reports, there are only a few reports
on regaining gait with a fixed walker using an HP during the early
postoperative period [19,20], one-legged recumbent CERx [7]
and HP fitted biomechanical gait analysis [21], but there is only
limited clinical evidence for these amputees regarding evaluation
of dynamics for leg exercising using upright CERx. Notably, the
present case demonstrated a 211sec prolongation of exercise time
as well as an 18 W increase in peak work rate during unilateral
sound leg incremental upright CERx with a fitted HP without use
of a passive prosthetic leg for pedal cranking (HPon-) compared
with without a fitted HP (HPoff); however, peak VO, was similar
(3.4 vs. 3.6 METs) between them (Table 1). For HPoff, peak exercise
may reach a relatively high intensity such as a target HR of 93%
compared with that of 87% for HPon-, although the work rate was
lower for HPoff (24W) than for HPon- (42W). Moreover, there were
higher values for VE and respiratory rate for HPoff compared with
for HPon- (Table 1). It can be considered that single-leg exercise
performance was very hard without a pelvic socket compared with
when a pelvic socket was used, which can be recognized as the
effectiveness of fitting a pelvic socket (Figures 1&2).

Following our previous case on a hip disarticulation amputee
using recumbent CERx, rhythmical single sound- legged pedal
rotation may be strengthened during the upstroke (pulling)
compared with the downstroke (pushing) phase because of the lack
of assistance in turning the counter leg pedal rotations [7,22]. The
anterior thigh muscle mass mainly works during pushing pedaling
rotation, and the posterior thigh muscle mass mainly works during
pulling pedaling rotation during one-legged pedal cranking [23,24].
Therefore, in the present amputee it was hard to maintain target
pedal rotation with HPoff because of instability in the sitting
posture on the saddle with painful feeling of being pushed in the
pelvic resection owing to loss of the ischium and pubis covering flap

and wound dehiscence healing on the bottom. Moreover, increasing
systolic BP approaching 200mmHg may be an indicator of the strain
during exercise with both HPoff and HPon- because of increasing
intrathoracic pressure when holding the breath during upstroke
pedal rotation, which is a relatively low VE at peak exercise (Table
1).

It was speculated that this may lead to increasing muscle activity
in the posterior more than anterior thigh through a pedal rotation
even at a low exercise work rate, indicating the peak VO, with HPoff
was equal to that with HPon-. In other words, it was realized that
the stability with the anatomically adaptive pelvic socket because of
alignment the spine and pelvis may reduce the pain in the resected
stump during one-legged pedal rotation and may prevent shaking
of the trunk by the fixation of the buttocks.

The effectiveness of a fitted prosthetic leg HP for two-
pedal cranking

The present case clearly showed the success of two-legged
upright pedal cranking in an hPV amputee. The hip- knee joint
in the prosthetic leg was passively extended and flexed following
voluntary pedal rotation by the sound leg (Figure 3C). This
mechanically passive rotation of the prosthetic leg may help to assist
the upstroke phase of the pedal rotation by the sound leg. In fact,
prolongation of exercise time resulted in a twofold increase in work
rate at peak exercise via two-legged pedal cranking because of the
fitted HP with motion of both the prosthetic left leg and the sound
right leg compared with one-legged pedal cranking without the
fitted HP (Table 1 & Figure 2C). [t was clear that energy consumption
required to reach an exhausted state with leg fatigue (Borg scale
15, hard) in all exercise models should not be theoretically different
because the active leg was only the sound right leg. It was evaluated
that the passive motion of the prosthetic leg only contributed to
elevating the work rate by 8W with a slight increase of 2.54 ml/kg/
min corresponding to 0.73 METs by comparison between HPon+
and HPon- (Table 1). Because the passive prosthetic leg has no
metabolic activity, a slight increase in oxygen consumption was
expected because increasing work levels by muscles in the sound
leg as well as trunk and/or forearm. In this case, counter passive
pedal cranking by the prosthetic leg accompanying pedal rotation
by the sound leg may improve exercise performance. Moreover, the
role of stability due to the pelvic socket during passive motion of the
prosthetic leg may be beneficial for rhythmic two-pedal cranking
during aerobic exercise.

Application for aerobic two-legged ergometer exercise
using a fitted prosthetic leg HP for physical therapy

Aerobic exercise with endurance physical training may be
benefit for the improving walking ability [25,26] and cardiovascular
function and in particularly in amputees with comorbidities such as
hypertensive state, dyslipidemia, and diabetes mellitus. According to
a previous study in limb amputees, walking ability was lower for hip
disarticulation (range:117-162m in 3 subjects) than transfemoral
amputees (203m in 1 subject) as measured using a 2-min walk
test [27], which was approximately half the distance that a healthy
person completed. This means that gait impairment after hip
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disarticulation may reduce physical fitness [5], thus it is still critical
issue for limitation for dynamic and endurance exercises, such as
running and/or cycle ergometer exercise for hip disarticulation/
hPV amputees even if an HP was fully fitted. In previous studies,
one-legged cycling tests driven by the sound limb have been useful
for the determination of AT in lower limb amputees, including
trans-femoral, trans-tibial, and hip disarticulation amputees
[28,29]. Furthermore, in trans-femoral amputees, the effectiveness
for aerobic one-legged CERx training at a target HR corresponding
to an AT level for 30min per day for 3-5 days each week for 6 weeks
was demonstrated with significant increases in AT of 36.5% and in
VO,max of 26.0% [30]. One-legged CERx in the above-mentioned
studies may be an optimal exercise model for increasing exercise
tolerance with AT; however, this evaluation was only for sound-
leg exercise not for two-legged cycling using a prosthetic leg
with natural performance with cranking exercise for both pedals
although the exercises were predominantly by the sole sound leg.
Thus, it is still necessary to consider what type of exercise model
may be better for daily physical activity in hip disarticulation/hPV
amputees.

More than 86% of the predicted maximum HR achieved at
the end of exercise (Borg scale 15) was valid to estimate exercise
tolerance at a relatively heavy work rate. In Table 1, the peak VO, in
the three different exercise model were in a range between 12.02
and 14.56ml/kg/min, which was similar to previously measured
values from one-legged cycling in a supine position in 7 hip
disarticulation amputees (age: 61-73 years, 6 female and 1 male,
and VO,peak range: 13.9-20.5ml/kg/min) [16]. In addition, the
percentage of presumed VO,max of between 78% and 85% in the
three different exercise models was also relatively high within the
individual; however, the relative value of age standardized VO,max
was in a range between 46% and 56%. The changes in increasing
VO, with two-legged CERx using a fitted HP were slight compared
with that for one-legged CERx with or without a fitted HP; however,
with two-legged CERx it may be possible to significantly extend the
exercise time. Because RER determined as VCO, /VO, for both HPon-
and HPon+ was above 1.0 at peak-exercise, the AT point may also
be evaluated for exercise programs for physical therapy, although
the AT point was not evaluated for HPoff (Table 1 & Figure 3).
Analyzing various parameters may be advantageous for presenting
objective baseline data for exercise program development. The
actual value of 3.14 METs achieved at the AT point in two-legged
CERx (HPon+) was valuable information for the present amputee
who weighed over 100kg. Because it is relatively easy to reach high
energy consumption when performing steady-state CERx for as
long as possible (for example more than 20 min at AT level) with
less (reduced) load from the body weight in a sitting posture on
a saddle instead of the HP limiting standing/walking distance and
speed.

Finally, a previous study reported that the wearing rate of HP
is low, and the number of people using them is less than 50% of
patients who are eligible for an HP [12]. In geriatric amputees
including hip disarticulation the ability to stand on one leg,

motivation for walking and adequate physical fitness allowing an
exercise intensity of 250%V0,max were good predictive factor for
successful prosthetic therapy [26]. Therefore, daily habitual two-
legged CERx using a fitted prosthetic leg HP may be a useful exercise
model for improving the HP wearing rate via behavior modification
for physical fitness to maintain exercise tolerance.

Conclusion

The present case demonstrated that pedal cranking can be
a familiar exercise for HD/hPV amputees. A temporary Canadian
HP and its prosthetic leg providing two-legged CERx can be used
to determine exercise tolerance in cardiopulmonary exercise tests.
Furthermore, the prosthetic leg passively assisted pedal rotation
generated by the sound leg during CERx allowing extension of the
exercise time. Use of the pelvic socket may be effective in increasing
stability on the saddle during pedal rotation by the sound leg in
an upright posture. Amputees have potentially large variations in
walking ability, remaining physical fitness, the effects of age, muscle
mass/strength in the unilateral healthy leg, instability in postural
control, phantom limb, anxious mental state related the change in
body image, and comorbidities related chronic metabolic, kidney,
and/or cardiovascular disease and chemotherapy for progressive
malignant tumors. Thus, the role of exercise therapy should be
discussed in initial evaluations of physical fitness, which can
provide important information for determining exercise models in
rehabilitation programs for enhancement of daily and social living
activity with or without an HP.
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