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Abstract: The basic, temporal, kinetic and dynamic parameters of the horizontal and
stairs walking of the normal subjects were investigated. It was established that the stairs
walking was slower and less stable than the horizontal walking. At the same time, the
basic phases of the locomotor cycle (stance and swing) were observed for all types of
walking, and those phases had the similar biomechanical contents in different
locomotions. The peculiarities of change of different biomechanical parameters
(podograms, angular displacements and their first and second time derivatives, ground
reaction force components) were described and analysed. It was shown that the stairs
walking had larger parameters variations and hence, this type of walking was less perfect
locomotor act than the horizontal walking.
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Introduction

Horizontal and stairs walking are the most prevalent natural human locomotor acts.
Investigation of walking is of considerable interest not only for the movements’ physiology
but also for the development of the new rehabilitation methods for the patients with the
locomotor pathology, in particular, for the muscle electrostimulation method.

In contradistinction to the previous investigations on this point [1-5] the present study
allows to obtain the new results and to determine the old biomechanical data more precisely
by using the modern computer techniques.

Methods of investigation

The group of 10 normal subjects, age 20-40, was studied. Their heights lay in the
limits 172-190 cm (the mean value = 180 cm), and their masses lay in the limits 64.3-103.6 kg
(the mean value = 84.2 kg).

At first all subjects walked along a straight horizontal track 14 m long, and then they
walked along the stairs. The stairs had 7 steps with the metal contact surface, 15 cm height
each, and the stairhead. The force plate was fixed on one step to measure three components of
the ground reaction force. The comparative investigations of the horizontal and stairs walking
were carried out for the same subjects during common experiment, without inter-link angles
gauges rearrangement and any changes in apparatus calibration.

The biomechanical parameters were recorded in 6 trials of horizontal walking and in 8
trials of upstairs and downstairs walking. The recorded biomechanical parameters were as
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follows: basic walking parameters (cadence, stride length, average velocity), temporal
walking parameters (cycle duration, single and double support phases durations, heel-contact,
foot-contact and toe-contact intervals, T -interval [the period between the heel-off of one limb
and the heel-strike of the other limb — I.B. Lisitza, A.V. Sarantzev, 1991]), kinematic walking
parameters (angle displacements in the ankle joint (AJ), in the knee joint (KJ), in the hip joint
(HJ), the corresponding angular velocities and angular accelerations), dynamic walking

parameters (the vertical R, , longitudinal Ry and transverse R, components of the ground

reaction force). All those parameters were recorded in the both lower limbs. Hence, the degree
of symmetry of biomechanical parameters of horizontal and stairs walking could be revealed.
All the measured parameters were computer-processed at the frequency 200 Hz by
means of 12-digit analogic-digital converter (ADC) with an error of 2 digits.
As a result of the investigations, the mean values (M), the standard deviations (SD)
and the variation coefficients (VC) of the biomechanical parameters were calculated. Those
values were represented in the form of tables and plots.

Results
Basic and temporal walking parameters

Table 1 shows the following parameters of the normal subjects horizontal walking:
free cadence = 99 steps/minute, double stride length = 1.42 m, average velocity = 1.17 m/s or
4.23 km/hour. The parameters of the upstairs walking are: free cadence = 78 steps/minute,
double stride length = 0.74 m, average velocity = 0.48 m/s or 1.74 km/hour. The parameters
of the downstairs walking are: free cadence = 86 steps/minute, double step length = 0.70 m,
average velocity = 0.50 m/s or 1.81 km/hour.

Thus, the upstairs walking is the slower process than the free horizontal walking. But
the variations of the basic walking parameters corresponding to different locomotion types are
rather similar to each other.

Table 2 shows the temporal walking parameters.

On the whole, the temporal parameters of the horizontal walking correspond to those
presented in the publication [5].

Table 1. The basic parameters of the horizontal and stairs walking.
Horizontal track Stairs
Up Down
. M 1.18 1.56 132% 1.41 119%
Double stride SD 0.06 018 014
duration (s) - = 5% 12% 10%
. M 1.44 0.74 51% 0.70 49%
Double stride SD 010 0.03 0.03
length (m) VC 7% 2% 2%
Average M 1.22 0.48 39% 0.50 41%
oo 9 ; SD 0.10 0.05 0.05
velocity (m/s) = 8% 10% 10%
Average M 4.41 1.74% 39% 1.81 41%
iy 9 n SD 0.36 0.20 0.17
velocity (m/h) —; 8% 11% 9%
Cad M 101.8 77.8 76% 86.0 84%
ta e/”C.e SD 5.66 8.92 8.46
(steps/min) - ——yc 6% 11% 10%

Note: the mean values in the horizontal walking are considered to be equal to 100 %,
the values in the upstairs and downstairs walking are expressed as a percentage with respect to
those of the horizontal walking.
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Table 2. The temporal parameters of the horizontal and stairs walking.

Horizontal Stairs
Parameters track Up Down
Left | Right Left Right Left Right
Heel-contact M 6.4 6.5 30 [47% | 2.1 [ 32% | 5.6 | 88% | 6.4 | 98%
interval SD 1.8 2.0 3.3 2.3 2.6 2.6
VC | 28% | 31% [110% 110% 46% 41%
Foot-contact M 37.4 | 36.2 | 50.9 [136% | 51.4 |142% | 42.1 |113%| 40.7 |112%
interval SD 7.2 6.8 6.0 5.1 5.3 5.8
VC | 19% | 19% | 12% 10% 13% 14%
Toe-contact M 19.0 | 20.5 | 10.5 | 55% | 12.3 | 60% | 13.4 | 71% | 14.9 | 73%
interval SD 6.8 6.6 3.7 3.1 3.2 3.2
VC | 36% | 32% | 35% 25% 24% 21%
Swing M 37.1 | 36.8 | 35,5 | 96% | 34.2 | 93% | 38.9 |105% | 38.0 |103%
phase SD 1.8 2.0 3.7 2.5 4.2 3.3
VC 5% 5% | 10% 7% 11% 9%
Double M 13.0 | 13.2 | 145 |112%| 14.9 |113%| 11.0 | 85% | 13.2 [100%
support SD 2.1 1.9 3.7 3.2 5.3 6.8
phase VC | 16% | 14% | 26% 21% 48% 52%
M 6.1 7.3 | -35 [-57% | -2.7 |-37% | 2.4 | 39% | 1.8 | 25%
T-interval SD 7.9 7.6 5.0 4.2 6.5 7.0
VC |130% | 104% [143% 156% 271% 389%
Rhythm coefficient 0.99 0.96 0.98

Note: the mean values in the horizontal walking are considered to be equal to 100 %,
the values in the upstairs and downstairs walking are expressed as a percentage with respect to
those of the horizontal walking.

The relative durations (per cent of the cycle) are: the swing phase = 37.1 % and 36.8
% (two values correspond to the left and right limbs respectively), the double support phase =
13.0 % and 13.0 %, heel-contact interval = 6.4 % and 6.5 %, foot-contact interval =37.4 %
and 36.2 %, toe-contact interval =19.0 and 20.6 %, t-interval = 6.1 % and 7.3 %. The T-
interval has the largest variation (117 %); the intervals of the stance phase have the medium
variations (21 %-36 %); the duration of the swing phase has the least variation (5-7 %).

The following changes of the temporal walking parameters can be noted for the
upstairs walking: the heel-contact interval decreases almost doubly (3.0-2.1 %); the foot-
contact interval increases sharp (50.9-51.4 %); the toe-contact interval decreases almost
doubly (10.6-12.3 %); the duration of the swing phase slightly decreases (35.6-34.42 %); the
duration of the double support phase changes also slightly (14.5-14.9 %); the sign of the -
interval changes and becomes negative (-3.5, -2.7 %), it means that the contact of one foot
upon the stairs step takes place earlier than the toe-contact of another foot.

The downstairs walking exhibits less expressed changes of the podogram. Note only
some changes of the stance phase: the foot-contact interval slightly increases; the toe-contact
interval slightly decreases; the duration of the swing phase slightly increases; the T -interval
decreases strongly, but its sign remains positive. The variations of all temporal walking
parameters in the downstairs walking somewhat increase in comparison with the upstairs
walking, and especially in comparison with the horizontal walking.

Thus, the temporal parameters of walking show that the stairs walking, when
compared with the horizontal walking, is characterised not only by the slower cadence, but
also by lesser stability. The lesser stability of the stairs walking is indicated by
a) the increase of the foot-contact interval,

b) the decrease of the heel-contact and toe-contact intervals;
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c) the decrease of the positive T -interval in the downstairs walking, and the change of its sign
in the upstairs walking.

Besides, the stairs walking leads to the increase of variations of some temporal
parameters (the durations of the swing and stance phases, T -interval); it means that this type
of walking is less skilled than the horizontal walking.

Kinematic walking parameters

Figure 1 and Table 2 show the angular displacements in the main joints of the lower
limbs and the extreme values of the inter-link angles for the horizontal and up- and downstairs
walking of the normal subjects.

The pattern of the angular displacements in the horizontal walking is well-known. In
general, it is characterised by the flexion’s and extensions, their number diminish in the
proximal direction. Two plantarflexions are observed in the AJ at the beginning and at the end
of the stance phase, and two dorsiflexions are observed in this joint at the mid-stance and
during the swing phase. Two half-waves of the angular displacements are observed in the KJ
during the stance and swing phases, the first being the joint bending and the second being the
basic swing phase flexion. Only one oscillation exists in the HJ, it consists of the stance
extension and swing flexion with the short connecting intervals between them.

Although the kinematic pattern of the upstairs walking changes, it keeps some features
of the usual locomotion.

Table 3. The extreme values of the angular displacements in the
joints for the normal horizontal and stairs walking (degrees).

Horizontal track Stairs

Leg Up Down
%T| M SD VC | %T | M SD VC | %T M SD VC
Left | 8.0 | -8.2 3.7 45% 25.0 [126]| 4.1 33% 0.0 -18.0 4.8 27%
49.0|11.3| 4.3 38% 250 |126| 4.4 35% 52.0 22.8 4.8 21%
66.0 | -9.2 6.0 65% 68.0 | -6.0 4.0 67% | 100.0 | -18.0 9.3 52%
AJA 83.0| 1.0 3.1 310% | 92.0 |15.0| 4.4 29% | 100.0 | -18.0 | 11.0 61%
Right| 8.0 | -7.1 4.8 68% 250 |125]| 5.0 40% 0.0 -20.9 6.5 31%
49.0]10.2| 3.9 38% 250 |125]| 5.6 45% 52.0 24.9 5.7 23%
65.0| -8.4 5.8 69% 67.0 | -7.8 4.4 56% | 100.0 | -20.9 | 11.4 55%
820 3.1 4.9 158% | 90.0 | 16.2| 5.1 31% | 100.0 | -20.9 | 12.3 | -59%
Left | 17.0]16.3| 8.1 50% 0.0 |599]| 54 9% 17.0 22.2 6.3 28%
42.0| 3.3 3.5 106% | 46.0 | 13.3| 5.0 38% 27.0 20.1 6.8 34%
73.0|646| 4.9 8% 80.0 | 75.3| 10.1 13% 66.0 73.4 4.8 7%
KJA 100.0( 1.3 4.3 331% | 100.0 | 59.9| 16.4 27% | 100.0 | 11.9 8.1 68%
Right|16.0[138| 7.1 51% 0.0 |58.0| 4.8 8% 17.0 23.8 7.6 32%
420| 1.4 4.4 314% | 50.0 |124| 4.1 33% 29.0 21.4 9.3 43%
73.0|161.4| 4.0 7% 80.0 (73.8( 11.1 15% 66.0 73.3 6.1 8%
100.0| -1.0 5.2 520% | 100.0 [ 58.0 | 14.9 26% | 100.0 | 11.0 9.1 83%
Left | 0.0 [ 25.2] 4.0 16% 0.0 [51.0] 5.0 10% 0.0 14.1 4.1 29%
52.0| -9.6 3.2 33% 57.0 |10.3| 3.4 33% 33.0 8.4 3.8 45%
HIA 88.0|26.9| 4.8 18% 94.0 |52.1| 13.1 25% 76.0 27.7 8.2 30%
Right| 0.0 [258| 4.9 19% 0.0 [53.2| 6.4 12% 10.0 13.8 4.2 30%
54.0-10.6| 4.5 42% 58.0 | 84 3.9 46% 37.0 8.2 3.8 46%
89.0|27.8| 5.1 18% 95.0 |53.7| 14.3 27% 77.0 28.5 7.3 26%

Note: AJA —ankle joint angle, KJA — knee joint angle, HJA — hip joint angle.
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The first plantarflexion in the AJ vanishes; the dorsiflexion of 12-13° is observed

during the most part of the stance phase. The small plantarflexion of 6-8° takes place only at
the end of this phase; then it is replaced again by the considerable swing dorsiflexion.

The KJ movements begin with the considerable flexion up to 60°, this flexion
corresponds to the foot placement on the upper step of stairs. Then the limb straightens up to

13° and keeps this position during the 20 % of the cycle. The transference of the leg to the

next step leads to the quick flexion up to 80°, then the extension up to 60° is observed at the
very end of the swing phase.

The pattern of the HJ movements for the upstairs walking is like that in the horizontal
walking. The extension phase is expressed distinctly, this phase lasts almost until the end of
the stance phase and then it is replaced by the flexion phase. The difference is that the initial

flexion angle reaches 50° because of leg transference to the next step of stairs. Also, the
extension in the HJ is not complete, and it turns into the quick flexion at the end of the stance
phase.
Thus, the upstairs walking has some peculiarities of the horizontal walking of the bent
in the subject knees; these peculiarities are registered in some pathological locomotions [6].
The locomotion pattern of the downstairs walking is quite different from that of the
horizontal walking.

The AJ movements are characterised by the expressed plantarflexion (up to 20°) at the

beginning and at the end of the cycle; the distinct dorsiflexion up to 20° is observed at the
mid-stance.

In the KJ the limb is tucked up to 30° during the first third of the stance phase, and

then the sharp flexion up to 75° and extension up to 10° are observed. It should be noted that
the flexion at this joint takes place mainly during the stance phase, but the extension is
observed mainly during the swing phase.

The movements in the HJ during the stance phase practically vanish; the small flexion

angle up to 10° is observed. Small flexion and extension take place in this joint during the
swing phase.

Thus, there is a following pattern of the downstairs walking: the equilibrated (first)
foot, being slightly bent in the KJ and HJ, is placed on the lower step; then the quick flexion
in the KJ of the second leg is observed, further the plantarflexion in the AJ and the extensions
in the KJ and HJ of the second leg take place while this leg lowers to the next step of stairs.

The above-cited data show that for the considered locomotions the significance of the
movements in the different joints changes in comparison with the horizontal walking. The
flexions and extensions in the HJ and KJ are of special importance for in the upstairs walking,
and these movements in the KJ and AJ are of special importance in the downstairs walking.

The consideration of the angular displacements in the lower limb joints should be
supplemented by the analysis of the corresponding derivatives (angular velocities and
accelerations).

Table 1 and Figures 2-4 show that the largest velocities and accelerations are observed
during the horizontal walking because the higher cadence of this locomotion is connected
with the resonance phenomenon [7], the stride length being defined by the anthropometric
parameters of the subjects.

In the stairs walking the stride length is limited by the step height, and the cadence is
lower than that in the horizontal walking.
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Table 4. The extreme values of the angular velocities (rad/s) and the angular accelerations
(rad/s?) at the joints for the normal horizontal and stairs walking.

Angular velocities Angular accelerations

Hotrrlgglr(]tal Up Down Hotrrlgglr(]tal Up Down

Leg | % T M % T M %T | M % T M %T | M % T M
AJA | Left 4.0 -2.7 0.0 0.0 0.0 0.0 1.0 | -96.2 - - - -
15.0 1.4 5.0 0.5 4.0 3.5 7.0 69.3 4.0 5.9 4.0 10.5
- - 27.0 -0.7 22.0 0.2 55,0 | -41.1| 56.0 | -16.9 | 7.0 | -36.2
- - 46.0 0.2 42.0 1.1 64.0 | 66.2 | 66.0 | 27.9 | 64.0 | 19.5
60.0 -3.4 61.0 -1.8 60.0 | -2.1 |100.0| -64.4 | 83.0 | -12.1 | 75.0 | -10.7

71.0 1.4 77.0 1.9 69.0 | -0.7 - - - - - -

88.0 -0.6 97.0 -0.3 81.0 | -1.8 - - - - - -

Right| 4.0 -1.9 0.0 0.0 0.0 0.0 1.0 | -54.3 - - - -
11.0 1.5 5.0 0.6 5.0 4.0 7.0 69.0 4.0 8.4 4.0 23.3
- - 27.0 -0.7 24.0 0.1 540 | -37.6 | 57.0 | -17.1 | 8.0 | -34.6
- - 47.0 0.1 41.0 1.2 64.0 | 71.8 | 66.0 | 33.1 | 63.0 | 20.1
59.0 -3.1 61.0 -1.9 60.0 | -1.9 | 100.0| -324 | 840 | -17.1 | 71.0 | -11.8

69.0 1.6 78.0 2.2 67.0 | -0.7 - - - - - -

89.0 -0.8 96.0 -0.6 80.0 | -2.0 - - - - - -
KJA | Left 8.0 2.2 1.0 -0.1 9.0 1.4 1.0 49.8 0.0 30.0 0.0 26.1
27.0 -1.2 25.0 -2.3 21.- -04 | 12.0 | -305| 8.0 |-18.1| 14.0 | -20.1
61.0 5.8 72.0 4.9 56.0 3.1 56.0 | 40.0 [ 64.0 | 30.3 | 34.0 | 13.8
89.0 -6.2 95.0 -2.8 820 | -39 | 67.0 | -52.4 | 83.0 | -38.2 [ 66.0 | -36.0
- - - - - - 96.0 | 824 [ 99.0 | 64.4 | 99.0 | 32.1
- - - - - - 99.0 | 38.6 | 100.0 | 30.0 | 100.0| 26.1
Right| 9.0 2.2 1.0 -0.1 9.0 1.7 1.0 60.0 0.0 26.6 0.0 22.7
26.0 -1.1 26.0 -2.1 220 | -04 | 13.0 | -342 | 8.0 | -153 | 14.0 | -23.0
61.0 55 72.0 4.9 57.0 3.2 56.0 | 341 | 63.0 | 33.3 | 32.0 | 14.0
90.0 -6.0 94.0 -2.7 810 | -3.8 | 70.0 | -56.7 | 84.0 | -38.4 | 64.0 | -34.7
- - - - - - 96.0 | 78.3 [ 99.0 | 59.8 | 99.0 | 28.7
- - - - - - 99.0 | 54.2 | 100.0 | 26.6 | 100.0 | 22.7
HJA | Left 4.0 -0.3 - - 3.0 -04 1.0 -0.8 1.0 |-151 | 1.0 | -14.2
8.0 0.0 0.0 0.0 9.0 0.2 6.0 8.5 5.0 -2.5 6.0 12.8
27.0 -1.7 26.0 -1.5 18.0 | -05 | 12.0 | -225| 8.0 -9.8 | 13.0 | -11.6

66.0 2.4 76.0 2.2 61.0 1.5 33.0 4.2 40.0 6.3 29.0 4.9
93.0 -0.5 97.0 -04 920 | -1.1 | 570 | 27.4 | 61.0 | 16.0 | 55.0 | 12.9
99.0 0.0 100.0 0.0 100.0| -0.1 | 87.0 | -16.2 | 93.0 | -14.2 | 75.0 | -10.5
- - - - - - 96.0 | 139 [ 99.0 | 12.1 | 99.0 | 23.5
Right| 4.0 -0.2 - - 3.0 -0.4 1.0 -4.9 1.0 |-175]| 1.0 | -15.6
8.0 0.1 0.0 0.0 9.0 0.6 6.0 9.0 5.0 -0.8 6.0 18.2
25.0 -1.9 25.0 -1.6 180 | -0.5 | 11.0 [ -29.1 | 9.0 -8.2 | 13.0 | -16.5

68.0 2.6 74.0 2.4 62.0 1.6 30.0 4.9 40.0 5.8 32.0 4.5
93.0 -0.6 97.0 -0.2 920 | -1.2 | 57.0 | 26.6 | 63.0 | 18.0 | 57.0 | 13.7
99.0 0.0 100.0 0.0 100.0| -0.1 | 88.0 | -20.0 | 91.0 | -14.2 | 78.0 | -10.9
- - - 96.0 | 12.9 | 99.0 7.5 99.0 | 25.9

Note: AJA —ankle joint angle, KJA — knee joi

nt angle, HJA — hip joint angle.

The usual walking is characterised by the high velocities and accelerations of the foot

plantarflexion at the beginning of the stride and of the flexions and extensions at the KJ
during the swing phase. But the velocities in the HJ are lower. The attention should be paid to
the fact that the velocity values of flexion and extension in the KJ during the swing phase are
approximately the same. It may point to the oscillation character of the movements with the

small contribution of the muscle forces (Fig. 2).
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The largest angular velocities and accelerations during the upstairs walking take place
in the KJ and HJ at the end of the stance phase and during the swing phase; the extension
velocities are two-three times as less as the flexion velocities. The angular accelerations reach
their maximum values at the end of the cycle. Note also that all movements in both proximal
joints are characterised by the significant synchronism and by approximately equal values of
the first two time derivatives of the inter-link angles. The movements in AJ have the lower
velocities; especially it concerns the plantarflexion at the end of the stance phase.

The difference in the velocities of the extension and flexion movements during the
upstairs walking is determined, probably, by the muscles working conditions: the slower
extension movements in KJ and HJ overcome the body weight, while the faster flexion
movements in the same joints overcome only the lower limb weight (Fig. 3).

During the downstairs walking the angular velocities and accelerations reach their
maximum values at the first plantarflexion in the AJ and during the KJ movements. The
flexion in the KJ is slower than the extension. This fact may be explained as follows: the
flexion in the KJ takes place under the load and the oscillation properties of the lower limb
reveal themselves mainly during the extension. The lowest velocity parameters are
characteristic of the movements in the HJ (Fig. 4).

Thus, the analysis of the first two time derivatives of the inter-link angles may be
conducive to the elucidation of some movements’ mechanisms of different locomotions.

Dynamic walking parameters
Figure 5 shows the vertical (R,), longitudinal (Ry) and transverse (Ry)
components of the ground reaction force for the horizontal and stairs walking. The extreme
values of these components are presented in Table 5. Figure 5(a) shows that the R -curve for

the horizontal walking has two-peak shape with distinctly expressed heel-strike and push-off
and symmetrical disposition of minimum. The heel-strike maximum corresponds to 17-18 %
of cycle, the push-off maximum corresponds to 51 % of cycle, and minimum corresponds to
33-34 % of cycle. The extreme values are approximately equal in both legs. The extreme
values at heel-strike and at push-off are approximately equal.

Ry component is characterised by two extreme values with different signs. The
negative one corresponds to 14-15 % of cycle; the positive one corresponds to 56 % of cycle;
Ry component vanishes at 32-33 % of cycle. The relative temporal and amplitude symmetry
of Ry component values in both legs is observed.

Ry component has two less distinct extreme values with the same temporal
parameters as the extreme values of R, .

Note that the extreme values of R, component have the lowest variations; the
variations are equal to 8 % at heel-strike and toe-off and 13-14 % at the minimum of the
curve. The variations of the extreme values of Ry component reach 16-20 %; the extreme
values of R, component have the largest variations of 31-35 %.

On the whole, the ground reaction force components in the upstairs walking are the
same. Nonetheless, there are some differences. The extreme values of R, component are

characterised by the shift to the right. The heel-strike maximum corresponds to 18-19 % of
cycle, the push-off maximum corresponds to 56 % of cycle, and minimum corresponds to 35-
37 % of cycle. The extreme values are slightly lower in comparison with the horizontal
walking, but the variations of the extreme values are approximately the same (for both legs).
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Table 5. The extreme values of the ground reaction force components
in the horizontal and stairs walking (% of the body weight).

Compo- Le Horizontal track U Stairs

nents 9 > P Down
%T | M | SD | VC | %T M SD | VC | %T M SD | vC
Left | 14.0 |-18.1| 3.6 |20% | 16.0 | -10.7 | 2.0 | 19% | 14.0 | -10.5 | 3.7 | 35%
R 56.0 | 22.3 | 4.4 |20% | 61.0 | 51 | 2.4 [47%| 58.0 | 12.0 | 4.2 | 35%
X Right| 15.0 |-18.7| 2.9 |16% | 150 | -8.6 | 1.7 |20% | 14.0 | -11.1 | 4.0 |36%
56.0 | 20.1 | 4.1 |20% | 61.0 | 51 | 2.2 [43%| 58.0 | 158 | 3.3 | 21%
Left | 180 | -75 | 1.8 |24% | 19.0 | -6.6 | 1.5 |23% | 13.0 | -7.8 | 3.3 | 42%
R 51.0 | 65| 16 |25% | 55.0 | -53 | 15 [28% | 53.0 | 40 | 1.5 |38%
y Right| 17.0 | -7.4 | 2.3 |31%| 18.0 | -23 | 1.6 |70% | 12.0 | -4.6 | 2.5 |54%
51.0 | 6.6 | 1.5 |23% | 56.0 | -40 | 1.6 | 40% | 54.0 | -7.6 | 1.9 | 25%
Left | 18.0 |109.8| 11.1 | 10% | 19.0 | 1055 | 7.2 | 7% | 13.0 | 123.7 | 27.5 | 22%
33.0 | 72.3 | 9.8 |14% | 37.0 | 69.1 | 8.1 [12% | 36.0 | 749 |10.5|14%
R 51.0 [111.7) 9.3 | 8% | 55.0 | 106.0 | 8.0 | 8% | 53.0 | 96.6 | 9.0 | 9%
z Right| 17.0 |1111.1| 9.1 | 8% | 18.0 | 109.1 | 8.4 | 8% | 12.0 | 117.2 | 26.5 | 23%
34.0 | 724 | 9.7 |13% | 350 | 758 | 7.4 [ 10% | 38.0 | 68.7 | 9.4 | 14%
51.0 /1110.9 8.7 | 8% | 56.0 | 108.5| 8.3 | 8% | 54.0 | 92.4 |11.9 | 13%

Note: Ry is the longitudinal component of the ground reaction force, Ry is the
transverse component of the ground reaction force, and R; is the vertical component of the
ground reaction force.

The changes of R, component are more significant. The extreme values are

considerably smaller and they are not equal: the extreme value corresponding to the heel-
strike is almost twice as much as that corresponding to the toe-off. The time coordinates of
these values are shifted to the right.

The shape of R, component curve remains the same, but the extreme values of this
component slightly decrease.

Thus, the importance of R, component decreases sharp in the upstairs walking,
especially at the toe-off.

The changes of R, occur in the downstairs walking. The extreme value

corresponding to the heel-strike increases sharp, the extreme value corresponding to the toe-
off becomes smaller than the body weight. Front and rear parts of the curve become steeper.

The extreme values of Ry and R, components significantly decrease in comparison with

those in the horizontal walking, but exceed those in the upstairs walking. The variations of all
components values increase. The above-cited data show that the change of the locomotor
problem, i.e. the necessity of the large vertical displacements of the centre of gravity, leads to
the significant changes of all the ground reaction force components; these components are
adapted to the peculiarities of the definite biomechanical situation.

Discussion
On the whole, the obtained results correspond to those presented in the certain
publications. But these results introduce new information about a number of important
walking parameters. Some conclusions could be made of the biomechanical mechanisms of
the investigated locomotion types.
Really, notwithstanding that investigated motor acts are original at first sight, two
basic locomotion phases are distinctly seen in their structure: the stance one and the swing
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one. These phases have different biomechanical contents. The stability of the human body is
provided and the driving forces are created during the stance phase. The problem of the lower
limb movement either forward (in horizontal walking) or in vertical direction (up in upstairs
walking and down in downstairs walking) is solved during the swing phase.

Hence, there is a unified scheme of different locomotor acts: the extensions in the
lower limb joints provide the force component of locomotion, and the flexions provide the
limb transportation and its correction. This scheme becomes especially visible during the
stairs walking, when the force function prevails in the ascent and the correction function
prevails in the descent.

The high degree of extensions and flexions synchronism shows that the synergetic
temporal unity of the force sources forms the basis of these movements. The significant
symmetry of the most kinematic and dynamic parameters of both lower limbs in different
types of walking is also the argument in favour of this assumption.

At the same time, some differences between these locomotions should be noted.

The oscillation properties of the lower limb, which are connected with the resonance
phenomena, are rather used during the horizontal walking than during the stairs walking. The
stability of the human body during the first locomotion turns out to be higher than during the
second one.

The variations of almost all investigated kinematic and dynamic parameters are
considerably smaller in the horizontal walking in comparison with the stairs walking.

It follows from the numerous experimental investigations that the usual gait is more
economical energetically than the other types of locomotion.

Conclusions

1. The upstairs and downstairs walking are the slower processes than the horizontal walking;
this fact is connected with lesser usage of the oscillation properties of the lower limbs and
with the stride length limitation.

2. The stairs walking is less stable than the horizontal walking; this fact is shown by the
increase of the foot-contact interval, by the decrease of the heel-contact and toe-contact
intervals and by the decrease or sign inversion of the T -interval.

3. The basic phases of the locomotor cycle — stance and swing phases — take place in all
investigated types of walking. The stability of the human body is provided and the driving
forces are created during the stance phase. The problem of the lower limb movement is
solved during the swing phase. The stance phase movements, which take place under the
load, are slower than the swing phase movements.

4. The components of the ground reaction force change in the stairs walking: Ry
component decreases sharp in the upstairs walking, especially at toe-off; in the downstairs
walking R, component increases sharp at heel-strike and decreases at toe-off, Ry

component also somewhat decreases. The originality and the lower velocity of these
motor acts cause the noted changes.

5. The stairs walking is more variable and hence, less perfect locomotion than the horizontal
walking.
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BUOMEXAHUYECKOE UCCINEAOBAHUE XOAbbbI MO
FOPU3OHTAJIbHOU NOBEPXHOCTU U NO NECTHULIE

A.C. ButeH3oH, I'.I. NpuueHko, K.A. NeTpywaHckas, U.A. CytuyeHkoB, H.E. MnxeeBa
(MockBa, Poccus)

Henpto  paboOTel  SABASETCS  UCCIIEOBaHME  OMOMEXaHMYECKOH  CTPYKTYpbI
pacIpOCTPaHEHHBIX €CTECTBEHHBIX JIBUTATENIBbHBIX aKTOB YesoBeka. OOBEKTOM HCCIIET0BaHMS
SIBJISUIACh TPYIIIA 370POBBIX HCIBITYeMbIX (10 yenoBek) mpu xoabp0e B MPOU3BOIBLHOM TEMIIE
110 TOPU30HTAJILHON TTOBEPXHOCTH U IO JIECTHUIIE BBEPX U BHU3.

PeructpupoBanu cienyromniye napaMeTpbl: OCHOBHBIE (TEMII, JUIMHY LIara, CpelHIO
CKOpPOCTh), BPEMEHHbIE (ATUTEIBLHOCTH IUKJIA, OMOPHOM, NMEPEeHOCHOH, NBYXONMOpHOH (a3,
MHTEPBAJIOB ONOPHI HA ISITKY, BCIO CTOIY, HOCOK, T - MHTEpPBaJ), KHHEMaTH4YeCKUe (yrIOBbIE
nepeMeleH s U UX NepBbIe 1BE€ IPOM3BOIHBIE MTPH JIBUKEHUAX B TOJIEHOCTOITHOM, KOJIEHHOM
U Ta300€peHHOM CyCTaBax), TMHAMHYECKHE (BEpTHKAIBbHYIO, TPOJIOJIBHYIO M IMOMEPEYHYIO
COCTABJIAIOLIME [VIABHOTO BEKTOPA OMOPHBIX PEAKIHA).

B pesynbrare uccienoBanuii ObUIO0 YCTaHOBIIEHO:

1) no cpaBHeHHIO C XOABOOH UelOBEKAa IO TOPH30HTAIBHOW ITOBEPXHOCTH
NepeBIDKEHHE 110 JIECTHUIIE BBEPX M BHH3 SBJSIETCS 0ojee MEJIEHHBIM MPOIECCOM, UYTO
CBSI3aHO C MEHBILIMM HCIOJb30BAHUEM KOJeOaTeNbHBIX CBOMCTB HI)KHUX KOHEUHOCTEH U
OTrpaHMUYEHUEM JITMHBI 111ara;

2) x0/10a MO JIECTHUIIC XapPaKTePH3YeTCsI MEHBIICH YCTOMYMBOCTHIO IO CPABHEHUIO C
TOPU30HTAIBHOM XOJb00MH, 0 YEM CBHJIETENICTBYET YBEIMUEHUE MHTEpBaa ONOpPHI HA BCIO
CTOIy, COKpaIlleHHe HHTEPBAJIOB ONOPHI HA MATKY U HOCOK, YMEHbIIICHUEM JJTUTEIbHOCTH WIH
MHBEpCHs 3HAaKa T - MHTEpBaja (BpeMs OT OTphIBA MATKUM OAHOM HOTM O Hayaja OIOpPbI
JpYroi HOTH);

3) mpu BceX HCCICIOBAaHHBIX BHIAX XOABOBI COXPAHSIOTCS OCHOBHBIC —(ha3bl
JOKOMOTOPHOTO IIMKJIA: ONOpHAas W MEepeHOCHas; B MEepBOM M3 HUX obecrnednBaeTcs
YCTOMUYMBOCTh T€Ja U CO3JlaHME CWJI JJI €ro NepeMelleHUs] B MPOCTPAaHCTBE, BO BTOPOH -
OCYILIECTBIISIETCSl MEPEHOC HUKHEM KOHEYHOCTH U €ro KOPPEKLUs; ABMKEHUS B OIOPHOMN
daze, mpoucxondlve MOJ Harpy3KoW, coBeplIaroTcs 0osee MEIJIEHHO, YeM JBMXKCHHsS B
nepeHocHoH ¢ase;

4) mpu XoapOe MO JIECTHHIE HPOUCXOAUT H3MEHEHHE COCTABISIFOLIMX OMOPHON
peaKIyy: IpU MOABEME BBEPX PE3KO YMEHBIIAECTCS MPOJOJIbHASL COCTABIIAIONIAs, OCOOEHHO B
(a3ze 3aHero TONUYKa; MPHU X0Ab0€ BHU3 PE3KO YBEIMUMBACTCS BEPTHUKAIbHAs COCTABIISAIOIIAs
B (aze mepemHero ToIUKAa M CHIDKaercs B (a3e 3aHEr0 TONYKA, TAKKE HECKOJIBKO
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YMCHBIIAIOTCA 3HA4YCHUA HpOI[OJIBHOfI COCTaBJISIIOIIIGf/'I; OTMCUYCHHBIC U3MCHCHUA
O6y0HOBH€HLI CBO€O6paSI/IeM OTHX JABHIaTCIIbHBIX AaKTOB U MEHBIIIEeH CKOpPOCTBIO HX
BBITIOJIHCHU A,

5) x0m>6a o JICCTHHULC ABJISACTCA Oonee BapUATUBHBIM H, CJICOOBATCIIBHO, MCHCC

COBEPIIICHHBIM JIBUTATEIIBHBIM aKTOM I10 CPAaBHEHUIO C TOPU3O0HTAIBHON XOAH00H.
bub6a. 6.

KiroueBrle cioBa: XO,I[L6a, JICCTHHILIA, OHMoOMeXaHHYECKHUE mapaMeTpbl
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