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Abstract:

Presented study gives findings of quantitative gait analysis and evaluation of different

adaptive strategies of body in 12 traumatic transtibial amputee patients with prosthesis. Gait

analysis consists of kinematics, ground reaction force kinetics, multichannel surface

electromyography of quadriceps and hamstrings of amputated and non-amputated legs.

Results of gait analysis discloses asymmetries in gait parameters between the amputated and

sound legs, as well between transtibial amputees and non-disabled persons. Kinematic results

showed that the ankle kinematics of prosthetic limb are significantly reduced while hip

flexion are increased in late stance phase. Temporal spatial parameters were different:

prosthetic stance phase (ms and % GC) was shorter, swing phase and prostetic step lenght

were significantly prolonged. Walking speed of amputees was slower. Results of kinetic

analysis shows decreased ground reaction (vertical Fz1 and Fz3, fore.-aft and medio-lateral

Fy1 and Fy2) under prosthetic limb while sound limb has larger magnitude of vertical force

Fz2.
1 INTRODUCTION
Amputees with trauma related amputation represent a very specific group of patients, first

of all because of their age (working age adults). It is well known that amputation is a

reason of significant impact on employment and quality of life during the next 40 to 50

years of remaining life of the young amputee patient.They have great potential for

enhancement of function through appropriate rehabilitation and use of effective prosthetic

devices. Very often they adapt a unique way of ambulating with prosthesis. Most of the

adaptations in their walk can be discerned by means of observation but it is not sufficient

enough to note walking complexity, so, objective gait analysis becomes necessary (1, 2,3).
2 METHODS AND SUBJECTS
2.1. Methods

Kinematic procedures measure the motion of the body and limb segments data were assessed

by optoelectronic system Elite Bimech (BTS Bioengineering, Milano) with eight-camera

high-speed video system. Markers were placed over predefined bony landmarks on the arms,

trunk, pelvis, and legs and they were used to track the three-dimensional locations of

individual body segments throughout a gait cycle. Kinetic analyses were performed by

collection of ground reaction forces data as subjects walk over force plates (Kistler)

embedded into the floor of the laboratory. Dynamic electromyography (EMG) is

performed to determine the timing of muscle activation and to estimate the relative

magnitude of muscle contraction. EMG data were collected on multichannel surface

 electromyography (EMG) of quadriceps and hamstrings of both the amputated and nonamputated  legs (TELEMG ).
2. 2. Subjects

Study population consisted of twelve (12) males with right trans-tibial traumatic

amputation in mean age 40.25+6 years (31-52) volunteered to participate in this study.

They were all war victims, mostly injured by means of land mines, at the period 1991-

1995. The time lapse between the date of amputation and the time of testing ranged from 8

to 12 years (mean time 10.08+1.5 years). All prosthesis were patellar-tendon bearing

(PTB) with dynamic feet. All subjects were excellent walkers who used their prosthesis on

a regular basis and were leading an active normal life.
3 RESULTS
Kinematic results showed differences in kinematic parameters of transtibial amputees

comparing to able-bodied individuals. Primarily, the ankle kinematics of their prosthetic limb

is significantly reduced while hip flexion is increased in their late stance phase.

Temporal-spatial parameters at persons with lower-limb amputation are also different.

Prosthetic stance phase (ms and % GC) was shorter, while swing phase and prostetic step

lenght were significantly prolonged. Walking speed of amputees was slower than their ablebodied counterpairs but better .

Results of kinetic analysis shows decreased ground reaction (vertical - Fz 1 and Fz 3, fore.-aft

Fx 1 and Fx 2 and medio-lateral - Fy 1 and Fy 2) under prosthetic limb, while sound limb has

larger magnitude of vertical force Fz 2.

EMG results show that quadriceps and hamstrings activity on the prosthetic limb is increased

in comparison with the sound limb in stance and swing phase (8, 9,10,11,12,).
4 DISCUSSION
Results of our instumented biomechanical quantitative gait analysis study and evaluation of

transtibial amputee persons compared to able bodied person provide objective assessment

about the way prosthetic persons walk.

Kinematic results showed that the ankle kinematics of prosthetic limb is significantly reduced

while hip flexion is increased in late stance phase (5,6,7). Temporal spatial parameters are also different, so prosthetic stance phase (ms and %GC) were shorter, while swing phase and

prostetic step lenght were significantly prolonged (6,7,13,14,5,6). Cadence and walking speed

of our amputees (1.23 m/s) were slower than at able bodied, as well the other authors claimed

(15,16,17,18,20) .

Results of kinetic analysis shows decreased ground reaction (vertical Fz 1 and Fz 3, fore-aft

Fx 1 and Fx 2 and medio-lateral Fy 1 and Fy 2) under prosthetic limb while sound limb has

larger magnitude of vertical force Fz 2 (9,21,22,23,24,26).

Results of our gait analysis discloses asymmetries in kinematic gait parameters between the

amputated and sound legs, as well between transtibial amputees and non-disabled persons, as

it is well known (27,6,28,29,30).
5 CONCLUSION

Patients with undergone traumatic amputations adapt a unique way of ambulating with

prosthesis. Most adaptations can be discerned by means of observation but it is not sufficient

enough to note walking complexity. In order to better understand complexity of amputee gait,

with discrimination of primary mechanisms of abnormal performance from the compensatory

mechanisms, objective gait analyses are able to provide objective assessment about the way

prosthetic persons walk. Better understanding of the biomechanics of gait of trauma related

amputees might be the basis for intervention strategies that enhance the prospect of maximal

functional restoration and provide design guidance for prosthetic components in transtibial

amputees (10,2,31).
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