Case in Point

Microprocessor Knee and
Power Foot Combination in
a Transfemoral Amputee

Douglas Murphy, MD; John Fox, CPO; and Allison Hickman, DO

Advances in the functionality and materials of prosthetics and successful component
integration enabled an Iraq War veteran to return to long-distance running and bicycling.

apid advances in technology

have brought improvements

in prosthetic components. In

particular, prosthetic knees
and ankle/foot complexes have
made substantial advancements
with the incorporation of com-
puter technology. For example, mi-
croprocessor knees are relatively
new; the X2 knee from Ottobock
(Minneapolis, Minnesota) repre-
sents one of the latest and most
advanced units and has just been
upgraded.

Until recently, there have been
no similarly functioning ankle/foot
components except for the Proprio
Foot from Ossur (Foothill Ranch,
California), which also provides
powered dorsiflexion.

Also, recently BiOM introduced
the BiOM T2 foot and ankle sys-
tem with the added technology of
powered plantarflexion to further
normalize amputee prosthetic gait.
Active patients who have success-
fully used a microprocessor knee,

such as the X2, have generally
paired that technology with a va-
riety of foot/ankle components,
ranging from passive-elastic units
to advanced-energy storing units.
To normalize gait and improve
biomechanics even further in select
above-knee amputees, experts in
the field have suggested combin-
ing a microprocessor knee with a
powered foot/ankle complex. One
potential obstacle to this com-
bination, however, concerns the
possible conflict between the ac-
tive components of the individual
units, such as over- or underen-
gagement of component sensors.
This situation, theoretically, could
compromise patient safety. BIOM,
however, provides training to pros-
thetic providers to address possi-
ble component integration issues,
including microprocessor conflict
and methods to safely use the com-
ponents together. Once the pros-
thetist received this training, the
patient in this study was fitted with
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the T2 foot and the X2 knee with
excellent results and no perceived
disadvantages.

CASE PRESENTATION

The patient was a 32-year-old
man with a right transfemoral
amputation due to trauma from a
blast injury, which occurred dur-
ing Marine service in Iraq. He
also had a gunshot wound to
his left leg, which resulted in se-
vere injury, but this limb was sal-
vaged and now has good residual
function. Before the trauma, the
patient was very athletic and in-
volved in long-distance running
and bicycling. Once he recovered
from his acute injuries, the patient
expressed a desire to return to his
previous high level of activity and
sport participation.

The patient’s prior prosthetic ex-
perience involved many types of
knees, both mechanical and mi-
croprocessor. These included the
Rheo Knee (Ossur), the C-Leg (Ot-
tobock), and the X2 ankle/foot. He
experienced limitations in walk-
ing up and down hills and walk-
ing through snow, sand, and mud.
He also felt that placement of his
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foot was “inaccurate” in situa-
tions such as walking between
crowded tables in a restaurant
or down an aisle of occupied
seats in a movie theater. Car-
rying objects, such as a milk
carton in a grocery store, was
also problematic, because the
object had to be carried exclu-
sively on his sound side.

The experiences of these
limitations pushed him to
look for other prosthetic op-
tions that would offer bet-
ter performance in these
situations. Ultimately, he re-
ceived the T2 ankle/foot with
the X2 microprocessor knee
after using a different com-
bination for 2 years. He felt
substantial improvements in
all the aforementioned limi-
tations and has been using
the X2 and T2 combination
ever since. The prosthetist
provided training in both in-
stances. For distance running,
the patient uses the Flex-Run
(Ossur) Foot.

The Trinity Amputation
and Prosthesis Experience
Scale (TAPES) and the Loco-
motor Capabilities Index in
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Figure 1. The BiOM T2 Foot and Ankle
Prosthesis, Providing Dorsi- and Plantarflexion.

this measure, indicating no
functional, social, or athletic
restrictions.

Furthermore, the patient
reported other improvements,
including an almost complete
elimination of long-standing
back pain, present since am-
putation. He reported he was
able to climb hills with in-
creased speed and less fatigue.
The patient also reported he
could stand more comfortably
and don his shoes more easily,
because the T2 would “bend.”
Other subjective activity im-
provements included the abil-
ity to easily pick an object off
the floor, step up curbs, walk
on uneven ground, perform
a mountain-climber exercise,
and go through small spaces.
He reported he was able to do
all these activities previously,
but the X2/T2 combination
made these tasks easier than
before to accomplish (Figures
2A and 2B).

DISCUSSION

The subject of this case report
is a physically active trau-
matic transfemoral amputee

Amputees (LCI) were used to
assess his adjustment to the pros-
thetic and performance, respec-
tively, before and after use of the
aforementioned combination.

The LCI is a validated measure of
lower-extremity amputees’ ability to
perform activities with a prosthesis.!
The patient scored the maximum
of 7 for all parameters of the LCI (a
total of 28 parameters) while using
his baseline prosthetic configura-
tion of the X2 knee and the Triton
foot (Ottobock). This score did not
change when he used the X2/T2
combination (Figure 1; Table).

The TAPES Index is a validated

measure of psychological adjust-
ment to prosthetic integration.?
The measure consists of 12 items,
rated 1 to 3 (1 = limited a lot; 2 =
limited a little; and 3 = not limited
at all). His total score was 25 using
the X2 alone without the T2 but
with the Triton foot. The patient
reported that he was “limited a lot”
on 2 activity measures (climbing
several flights of stairs and run-
ning to catch a bus). This measure
was reapplied after the patient used
the T2 ankle/foot and X2 knee for
several weeks. His new sum score
was 36, the highest possible for

who had previous experience
with several prosthetic components
with the ultimate preference and
use of the X2 microprocessor knee.
Because of the patient’s desire for
the most natural and energy-spar-
ing gait he could achieve, a T2
foot and ankle system was added.
Though objective measures of lo-
comotion (LCI) did not change,
he reported significant improve-
ment in subjective measures of
function and prosthetic acceptance
(TAPES).

Reported objective advantages
favoring the use of microprocessor
prosthetic components most often
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PROSTHETIC COMBINATIONS

refer to the decrease in energy
consumption during locomotion.
Several small studies have com-
pared powered with nonpowered,
energy-storing, or passive-elastic
components and demonstrated at

Table. Locomotor Capabilities
Index in Amputees'’

Basic Activities

1. Get up from a chair

2. Walk in the house

3. Walk outside on even ground

4. Go up the stairs with a handrail

5. Go down the stairs with a
handrail

6. Step up a sidewalk curb

7. Step down a sidewalk curb

Advanced Activities

1. Pick up an object from the
floor (when you are standing
up with your prosthesis)

2. Get up from the floor (eg, if
you fall)

3. Walk outside on uneven
ground (eg, grass, gravel,
slope)

4. Walk outside in inclement
weather (eg snow, rain, ice)

5. Go up a few steps (stairs)
without a handrail

6. Go down a few steps (stairs)
without a handrail

7. Walk while carrying an object

No—0; Yes, if someone helps
me—1; Yes, if someone is near
me—2; Yes, alone, with ambula-
tion aids—3; Yes, alone without
ambulation aids—4.

least modest energy savings. In a
study of transtibial amputees, re-
searchers compared oxygen con-
sumption during locomotion in
patients fitted with a passive-elastic
ankle/foot with patients fitted with
the powered T2.° The research-
ers reported an average decrease
in overall energy consumption
of 8.4%. Plantarflexion and peak
ankle-power production at push-
off were both increased. The au-
thors of this study conclude that
the T2 ankle/foot allows achieve-
ment of greater biological realism.
A 2010 review by Highsmith and
colleagues concluded that the mi-
croprocessor knee C-Leg demon-
strated increased efficacy in safety
and energy efficiency compared
with other prosthetic knees for
transfemoral amputees.”

Subjectively, the study patient
reported less fatigue when using
the X2/T2 combination than when
using the X2 knee without the T2
ankle/foot. It is currently unknown
whether the combination provided
additive energy savings, and this
area would be a good course for fu-
ture investigation.

The study patient reported sev-
eral subjective improvements, in-
cluding reduced back pain, a more
natural gait, and improved mobil-
ity. Hammarlund and colleagues
found a significant prevalence of
postamputation lower-extremity
back pain compared with pream-
putation symptoms.’> This pain
resulted in at least moderate dis-
ability in all subjects during
prosthetic use. Morgenroth and
colleagues went on to speculate
that abnormal lumbar spinal kine-
matics could be a contributing fac-
tor for back pain in transfemoral
amputees.® Though not specifically
causative, the study found that
those transfemoral amputees with

increased lumbar spine transverse
plane motion experienced signifi-
cantly more back pain than did
similar amputees without lumbar
spine transverse plane motion. An
abnormal gait would promote more
transverse plane motion than that
seen in a normal gait. Normaliz-
ing prosthetic gait to best simulate
the patient’s preamputation bio-
mechanical baseline could reduce
transverse lumbar spine motion,
reduce back and other mechanical
pain, and ultimately, reduce overall
disability.

Similarly, the patient in this
study also reported increased ease
with hills and stairs. Many studies
exist that attest to the advantages
of microprocessor knees in pro-
viding improvements such as de-
creased stumbles, increased ability
to multitask, increased satisfaction
with the prosthesis, and improved
stair and stance functions, such as
with the Genium (Ottobock).”8
Whether the combination of a mi-
croprocessor knee with a powered
ankle/foot would further improve
these aspects is yet to be objec-
tively investigated. The report of
this study patient who used the
combination suggests these types
of advantages but certainly as a
single case report does not provide
definitive answers.

The patient achieved the high-
est possible score on the LCI before
using the X2/T2 combination and
thus demonstrated a ceiling effect
that has been discussed in several
studies.’ Furthermore, Larsson and
colleagues noted that because of the
ceiling effect, the LCI was more use-
ful for amputees of low to moderate
activity levels.!® The TAPES, how-
ever, showed an improvement in be-
fore and after measurements, and
assessment with it was not hindered
by a ceiling effect.
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Figure 2A. Courtesy of BIOM.
Figure 2B. Courtesy of Ottobock.

CONCLUSION

The patient in this case report noted
substantial subjective functional im-
provements when using the X2 com-
pared with prior mechanical prosthetic
knees paired with the T2 foot/ankle.
The functional gains were further veri-
fied by significant improvement in the
TAPES Index score, a validated mea-
sure of prosthetic integration. Specific
subjective advantages included energy
savings, almost complete resolution of
back pain, and improved facility with
hills, stairs, and crawl spaces. No per-
ceived disadvantages were reported. @
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Disclaimer

The opinions expressed herein are those
of the authors and do not necessarily
reflect those of Federal Practitioner,
Frontline Medical Communications
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agencies. This article may discuss un-
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drugs. Please review the complete pre-
scribing information for specific drugs
or drug combinations—including indi-

cations, contraindications, warnings,
and adverse effects—Dbefore administer-
ing pharmacologic therapy to patients.

REFERENCES

1. Franchignoni F, Orlandini D, Ferriero G,

Moscato TA. Reliability, validity, and respon-

siveness of the locomotor capabilities index in

adults with lower-limb amputation undergo-
ing prosthetic training. Arch Phys Med Rehabil.
2004;85(5):743-748.

Gallagher P, MacLachlan M. Positive meaning in

amputation and thoughts about the amputated

limb. Prosthet Orthot Int. 2000;24(3):196-204.

. Mancinelli C, Patritti BL, Tropea P, et al. Com-

paring a passive-elastic and a powered prosthesis

in transtibial amputees. Conf Proc IEEE Eng Med

Biol Soc. 2011;2011:8255-8258.

Highsmith M]J, Kahle JT, Bongiorni DR, Sutton

BS, Groer S, Kaufman KR. Safety, energy effi-

ciency, and cost efficacy of the C-Leg for trans-

femoral amputees: A review of the literature.

Prosthet Orthot Int. 2010;34(4):362-377.

. Hammarlund CS, Carlstrom M, Melchior R, Pers-
son BM. Prevalence of back pain, its effect on func-
tional ability and health-related quality of life in
lower limb amputees secondary to trauma or tu-
mour: A comparison across three levels of amputa-

g

W

he

W

PROSTHETIC COMBINATIONS

tion. Prosthet Orthot Int. 2011;35(1):97-105.

6. Morgenroth DC, Orendurff MS, Shakir A, Segal
A, Shofer J, Czerniecki JM. The relationship be-
tween lumbar spine kinematics during gait and
low-back pain in transfemoral amputees. Am J
Phys Med Rehabil. 2010;89(8):635-643.

7. Hafner BJ, Willingham LL, Buell NC, Allyn KJ,
Smith DG. Evaluation of function, performance,
and preference as transfemoral amputees transi-
tion from mechanical to microprocessor control
of the prosthetic knee. Arch Phys Med Rehabil.
2007;88(2):207-217.

8. Bellmann M, Schmalz T, Ludwigs E, Blumentritt
S. Immediate effects of a new microprocessor-
controlled prosthetic knee joint: A comparative
biomechanical evaluation. Arch Phys Med Reha-
bil. 2012;93(3):541-549.

9. Gailey RS, Scoville C, Raya M, et al. The com-
prehensive high level mobility predictor
(CHAMP): A performance-based measure of
functional ability of people with lower limb loss.
Paper presented at: American Academy of Ortho-
tists & Prosthetists 37th Academy Annual Meeting
and Scientific Symposium; March 16-19, 2011;
Orlando, FL.

10. Larsson B, Johannesson A, Andersson IH, At-
roshi I. The Locomotor Capabilities Index; va-
lidity and reliability of the Swedish version in
adults with lower limb amputation. Health Qual
Life Outcomes. 2009;7:44.

Quick

Poll

www.fedprac.com

Scroll down on our homepage to take this
month’s Quick Poll:

Patient-reported results were a validated measure
for one patient with a combination prosthetic. In your
practice, do you feel patient-reported results during
and/or following treatment are valuable?
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