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Comparison of gait using a Multiflex foot versus a Quantum foot
in knee disarticulation amputees.
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Abstract

The subjective responses and gait patterns of
unilateral  kneze  disarticulation amputees
wearing prostheses fitted first with the Multiflex
foot and then with the Quantum foot were
studied. Nine amputees were included in the
trial.

A questionnaire asked the amputces about
their preference for one of the fcet.

Gait analysis was performed measuring
temporal parameters and goniometry of hips,
knees and ankles in the sagittal and frontal
planes.

There was a slight preference for the
Quantum foot. Preference secmed not to be
related to physical characteristics of the
amputecs nor to gait parameters.

There were no differences in gait as far as the
temporal factors were concerned.

The main differcnces in the range of motion
of the joints were in the frontal plane: the
eversion-inversion movement of the ankle and
the adduction-abduction movement of the hip.
During walking at comfortable speed with the
Multiflex foot the ankle and hip range of
motion averaged 2.1 and 3.1 degrees
respectively, less than during walking with the
Quantum foot.

Intreduction

If a prosthesis is to be prescribed after an
amputation, the choice of a prosthetic foot is an
important one, both for the amputee and for
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the clinical team. Scveral studics have reported
on differences in gait patterns in trans-tibial
(Barth et al., 1992, Culham et al., 1986; Mizuno
et al., 1992, Wirta et al., 1991) and trans-
femoral (Goh et al., 1984; James and Stein,
1986) amputees resulting from the use of
different feet. However, it has so far been
difficult to make a choice for the individual
patient from the many available artificial feet,
The same problem occurs in  knee
disarticulation amputees. The gait
characteristics of the knee disarticulation
amputee are difficult to compare with those of
trans-tibial amputees because of the abscnce of
a knee joint; neither are they comparable with
trans-femoral amputees, bccause of the end
weight-bearing principle of the socket. Henee,
studies of trans-tibial or trans-femoral
amputees cannot be generalized to knce
disarticulation amputees.

This study investigated the gait patterns of
unilatcral  knee disarticulation amputees
wcaring prostheses  fitted with  either the
Multiflex or Quantum foot. The Multiflex foot
is one of the most common prosthetic fect in the
Nctherlands. The Quantum foot was used
because it is onc of the modern “energy-
storing” fect and because it differs from the
Multiflex foot in biomechanical properties such
as hysteresis and stiffness (Jaarsveld ef al.,
1990).

Method
Subjects

Nine subjects who met the following criteria
were recruited for the study: unilateral knee
disarticulation amputation fitted with an end




prosthesis

cause of year of knee-joint
patient | gender |age(y)| amputation amputation (Otto Bock) initial foot  |preferred foot

1 F 67 osteomylitis 1968 3R21 Multiflex Quantum
2 M 70 vascular 1991 3R21 Multiflex no. pref.

3 M 24 trauma 1988 3R45 Multiflex Multiflex
4 M 24 bone-cancer 1968 3R45 Multiflex Quantum
5 M 45 vascular 1986 3R21 Multiflex no pref.

6 F 20 trauma 1987 3R45 Seattle Quantum
7 M 33 trauma 1988 3R45 Multiflex Quantum
8 F 48 vascular 1991 3R21 dyn. SACH Multiflex
9 M 39 trauma 1989 3R45 Multiflex Quantum




comfortable speed

prosthetic foot speed m/sec swing phase msec step time msec
prosth. side sound side
mean (sd) mean (sd) mean (sd) mean (sd)
Multiflex 1.12 }0.23 553 %35; 458 E33; 1257 %90;
Quantum L1l (0.22 559 (36 449 (33 1267 (97
fast speed
prosthetic foor speed m/sec swing phase msec step time msec
prosth. side sound side
mean (sd) mean (sd) mean (sd) mean (sd)
Multiflex 1.37 50.32; 510 (53) 411 (39) 1110 (90%
Quantum 1.37 (0.31 532 (70 422 (43) 1139 (113
comfortable speed
joint range of motion
ankle knee hip
inversion/ | plantarfl/ | flexion/extension abduction/adduction flexion/extension
eversion dorsiflexion
prosthetic | prosth. side | prosth. side | prosth. side | sound side | prosth side | sound side | prosth. side | sound side
foot mean (sd) | mean (sd) | mean (sd) | mean(sd) |mean(sd) |mean(sd) | mean(sd) |mean (sd)
Multiflex 6.1 (1.6) |24.2 (4.7) [52.4 (24.8)|58.4 (2.7) | 8.6 (2.9) | 11.6 (3.3) |43.1 (7.7) | 36.2 (4.6)
Quantum 8.2 (3.1) [22.6 (5.6) |58.1 (19.0)|57.9 (9.2) [11.7 (2.7) | 11.2 (2.5) |42.1 (7.3) | 374 (6.5)
fast speed
joint range of motion
ankle knee hip
inversion/ | plantarfl/ | flexion/extension abduction/adduction flexion/extension
eversion dorsiflexion
prosthetic | prosth. side | prosth. side | prosth. side | sound side | prosth side | sound side | prosth. side | sound side
foot mean (sd) | mean (sd) | mean (sd) | mean(sd) |mean(sd) |mean(sd) | mean(sd) | mean (sd)
Multiflex 6.8 (2.2) |26.6 (4.9) |60.4 (23.8)[59.7 (2.8) [ 11.2 (34) | 126 (3.7) [46.9 (8.9)|41.5 (5.6)
Quantum | 8.9 (32) |254 (7.1) [64.6 (17.9)] 56.7 (8.9) | 13.5 (3.0) | 12.1 (2.5) [48.1 (10.2)43.1 (7.5)
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preferred the Multiflex foot while others
preferred the Quantum foot. One of the two
amputees who had not previously used the
Multiflex foot, now preferred the Mutliflex
foot, while the other preferred the Quantum
foot. There were no differences in gait as far as
regards the temporal factors.

As expected, the swing phase of the
prosthesis was longer than that of the sound leg:
the difference was about 23% during walking at
comfortable speed. Only one patient showed a
nearly symmetrical gait.

The only earler study comparing Multiflex
and Quantum feet — as well as other types —
was that by Mizuno er al. (1992) using trans-
tibial amputees, but they studied other
parameters. Most studies (Culham et al., 1986,
Doane and Holt, 1983; Goh et al., 1984,
MacFarlane, 1991; Wagner er af., 1987) of
different feet found no differences in walking
speed. Only Nielson et al. (1989) found that
trans-tibial amputees walked faster when fitted
with the Flex-foot than with the SACH foot.
Some studies of trans-tibial amputees (Culham
et al., 1986; MacFarlane et of., 1991; Van
Leeuwen ef al., 1990) found differences in
symmetry in the stance phase between the
prosthetic and sound sides while walking with
different feet. Other studies failed to find such
differences (Doane and Holt, 1983; Goh er al.,
1984).

The main diffcrences in the range of motion
of the joints were in the frontal plane: the
eversion-inversion movement of the ankle and
the adduction-abduction movement of the hip.
During walking at comfortable speed using the
Multiflex foot, the ankle and hip joint ranges of
motion were an average of respectively 2.1° and
3.1° smaller than with the Quantum foot.

It may be assumed that the difference in the
ankle joint range of motion in the frontal planc
was primary, while the difference in hip joint
range of motion was secondary. Differences in
ankle joint rangz of motion between different
feet have been found by many authors (Barth
et af., 1992; Dozne and Holt, 1983; James and
Stein, 1986; Wagzncr, 1987) in studies of trans-

tibial amputees. To what extent this increased
transverse mation is reflected in the subjective
preference, remains unclear.
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