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ABSTRACT

Growth-related changes in the mobilization of leg
muscles during walking were studied in human sub-
ject. Mohilization of soleus, lateral portion of gastrocne-
mius (LG), and tibialis anterior (TA) muscles during the
first walking steps in the life of a 12-month and 11-day
old baby girl was checked by recording electromyogram
(EMG).
when she became 15 years old. The body balance dur-

The same recordings were also performed,

ing walking was also monitored by recording the ground
reaction forces on a three-dimensional force plate. Co-
contraction of ankle plantar-flexors (soleus and LG) and
dorsi-flexor (TA) was observed during the first walking
in her life. The EMG amplitudes and the step intervals
were not constant. But disturbance of body balance
toward both anterior/posterior and right/left directions
was minor, although some degree of fluctuation was
noted in the vertical force during the body-support
phase. The relatively stable forces toward anterior and
posterior direction, without heel-strike followed by toe-
kick, suggested that her landing patterns were flat-foot
strike. Data also suggested that the immature walking
was not directly related to the poor body balance. The
co-contraction of antagonists disappeared and walking

patterns were normalized at the age of 15. It was spec-

ulated that afferent input may play an important role in
the learning of walking motor performance in new-horn
babies, since the afferent neural input is closely related to

the antigravity activity of muscle.

Abbreviations : LG, lateral portion of gastrocnemius ;

TA, tibialis anterior ; EMG, electromyogram
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INTRODUCTION
It has been well-known that children improve
their upright gait patterns from new-born stepping to
mature walking following the growth and develop-

1-3,5,6,19-23)
t 3,5,6,19 23.

men Supported walking patterns and mobili-

zation of leg muscles were analyzed in new-born baby as

early as 3 weeks? or 1 month® after birth. Co-con-

traction of mutual antagonists was the typical phenomena

3192028 However, such

noted in neonates during walking
mobilization of muscles was changed to reciprocal
recruitment of antagonists following the growth. Fur-

ther, it was reported that transition of gait patterns was
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induced from digitigrade to plantigrade" or from initial
contact with toes, foot-flat or heel to consistent heel

strike?

during the first year after independent walking.
It is well-known that the antagonistic dorsi- and plantar-
flexors are recruited alternately in each step during
walking of matured human'® and animals®.

It was speculated that such growth-related changes

“might be related to the increased muscle strength'®"

and/or improved balance due to neuro-maturation***’.
However, it is not clear how infants, who are not experi-
enced the independent bipedal walking in gravitational
environment, utilize their lower leg muscles during walk-
ing without any support. Therefore, the current study
was performed to investigate the mobilization of dorsi-
and plantar-flexors during the first independent walking
in the life and after 15-year-growth in human sub-
ject. Further, the body balance during walking was also
checked recording the three-dimensional ground reac-
tion forces using a force plate.
MATERIALS AND METHODS

This study was performed using one female sub-
ject. The parents of a baby girl and herself at 15-year
old were informed about the possible risks in attending
the walking exercise and recording of electromyogram
(EMG).

from them. This study was approved by the Human

And signed informed consents were obtained

Use Committee at National Institute of Fitness and
Sports in Kanoya and Osaka University Hospital
(No. 11232).
ducted in accordance with World Medical Association

All experimental procedures were con-

Declaration of Helsinki (Ethical Principles for Medical

Research Involving Human Subjects).

Experiment I: Mobilization of the left soleus, lateral
portion of gastrocnemius (LG), and tibialis anterior (TA)
muscles during the first bare-foot walking steps in a
12-month and 11-day old baby girl was checked by
recording EMG on both cassette tape recorder (TEAC,
XR-5000, Tokyo) and polygraph paper recorder (RM-
6000, Nihon Kohden, Tokyo) at National Institute of Fit-
ness and Sports in Kanoya. Since she started to walk

by holding the chair and/or table, the recording of EMG

patterns of lower legs during her first independent walk-
ing without any supports was planned to perform.
Bipolar silver chloride surface electrodes with 5-mm
diameter were placed on the mid-region of these muscles
(approximately 5-mm apart longitudinally) after cleaning
the skin with antiseptic cotton to reduce the resistance
An electrode for the
The EMGs were

recorded during independent walking without any sup-

between the electrodes and skin.

ground was placed on the left wrist.

ports on the floor and/or on a three-dimensional force
plate (Kistler 5007) recording the ground reaction forces
simultaneously on both cassette tape recorder (TEAC,
XR-5000, Tokyo) and polygraph paper recorder (RM-
6000, Nihon Kohden, Tokyo).

patterns of muscle mobilization, as well as the body bal-

The step interval and the

ance, were analyzed.

Experiment II: The EMG recordings in the same
muscles were also performed at Osaka University, when
she became 15 years old. She walked on the floor vol-
untarily without wearing shoes and on a motor-driven
treadmill with 0% inclination and at a speed of 4 km/hr.
The EMG was recorded by using a telemetry system
(NEC Medical Systems Corp., Japan). The raw EMG
signals were amplified (x1,000), processed by a
PowerLab/16sp (ML795, AD Instruments, Australia),
digitized at 1 kHz, and stored on a computer as reported
previously® 617,

The patterns of muscle utilization and step intervals
were compared with those recorded when she was a
baby.

and back foot were also performed by simultaneous film-

Analyses of ankle and knee joint angles of front

ing from the left side by using a video camera placed at
the treadmill height.

touch-down of front foot and joint angles were measured

The movie was stopped at the
using a protractor.

Experiment III: Effects of regular rear-foot strike
walking, stepping down on the floor using the heel, and
flat-foot strike walking on the ground reaction forces
were determined in 3 healthy male adult sub-

jects. Bare-foot voluntary (rear-foot strike) walking
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was performed first on a three-dimensional force plate
(FP4060-15-TM-2000, Bertech Corporation, U.S.A.).
Then, the subjects mimicked the flat-foot strike walking.
The foot-strike patterns were also checked by video
filming.
RESULTS AND DISCUSSION

Co-contraction of ankle plantar-flexors (soleus
and LG) and dorsi-flexor (TA) was observed during the
The EMG amplitudes

The step intervals were not con-

first walking in her life (Fig. 1).
were not constant.
stant, either. Disturbance of body balance toward both
anterior/posterior and left/right directions was minor
(Fig. 2).

the vertical force during the body-support phase.

But, some degree of fluctuation was noted in
It was
also indicated that the immature walking was not directly
related to the poor body balance. These results agree
with Ivanenko et al.’s report that idiosyncratic features in
newly walking toddlers do not simply result from unde-
veloped balance control, but may represent an innate
kinematic template of stepping®.

The co-contraction of antagonists disappeared, when
The EMG amplitudes and step

She stepped down on the

she grew up (Fig. 3).
intervals were constant.
treadmill using heel keeping the ankle joint at a mildly
plantar-flexed position and with more extended knee
joint vs. fore- or flat-foot striker shown below. The
mean ankle joint angle of the front foot was ~112° at the
Those of
the back foot were ~108 and 171° degree, respectively.

heel strike and that of knee joint was ~169°.

These angles of front foot in a fore- or flat-foot striker
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Fig. 1 Electromyogram patterns of lower leg muscles in a
baby girl during the first bipedal walking without any
supports in her life (at the age of 12 months and 11
days). Sol, LG, and TA : soleus, lateral portion of
gastrocnemius, and tibialis anterior.

during walking on a treadmill at the same intensity (0%
inclination and 4 km/hr) were 115 and 155°°. And
those of the back foot were 125 and 165° respec-
tively. It was suggested that her walking was changed
from the flat-foot to rear-foot strike patterns.

Therefore, three-dimensional ground reaction forces
during the regular rear-foot strike walking in adults were
analyzed additionally in order to compare the walking

patterns between the baby and matured individual. The
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Fig.2 Three-dimensional ground reaction forces recorded
in a baby girl during the first bipedal walking without
any supports in her life.
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Fig.3 Electromyogram patterns of lower leg muscles in a
15-year-old girl. Sol, LG, and TA: soleus, lateral
portion of gastrocnemius, and tibialis anterior.
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Fig. 4 ‘Typical patterns of three-dimensional ground reaction
forces recorded in an adult male subject during the
regular rear-foot strike walking and mimicked flat-
foot strike walking.

ground reaction forces in adults were also measured dur-
ing mimicked flat-foot walking. Typical patterns of
reaction forces in one subject are shown in Figure 4.
Vertical reaction forces with two peaks were noted dur-
ing the rear-foot strike walking. These were related to
the posterior and then anterior forces in response to
landing and toe-off. The reaction force, created by the
left foot, toward the right direction was maintained dur-
ing the body-support phase, although an instant left
direction force was noted at the touch-down. Similar
patterns of reaction forces were observed in all subjects.
The step intervals (distance) were decreased,
although the time spent for each step was elongated,
when the adult subjects tried to walk using flat-foot
strike vs. the regular rear-foot strike walking (Fig. 4).
And the clear two-phase vertical reaction forces disap-
peared or the decrease of force between two peaks was
inhibited during mimicked flat-foot walking. However,
the patterns of left/right and anterior/posterior reaction
forces remained similar to those during the rear-foot
strike walking. These patterns were completely differ-
ent from those in the baby, although the patterns of verti-
cal ground reaction forces were similar. These results

indicate that the activation patterns of leg muscles, pro-

grammed during growth, may be hard to intentionally
modify in adults.

Completely different patterns between the baby and
adults were noted in the left/right and anterior/posterior
direction ground reaction forces (Figs. 2 and 4). The
patterns seen in the adult subjects indicate that the cen-
ter of gravity was not above the left foot during the body-
support phase. Since the constant reaction force toward
the right was seen during the body-support phase, it is
suggested that the center of gravity was located near the
trunk of the body. But, it was suggested that the left
foot of the baby supported her body weight nearly equally,
using the whole sole, throughout the body-support
phase. It was also indicated that the static balance was
fairly good, even though some degree of fluctuation was
noted. Further, it was also clearly indicated that the
walking pattern of the baby was flat-foot strike, because
the posterior and anterior reaction forces due to heel
strike and toe kick, seen in the adult subjects, were not
noted.

Ankle dorsi-flexors and plantar-flexors are recruited
reciprocally in matured human'”, as was seen in the cur-
rent study. However, changes in the gait patterns and/
or neuromuscular activation during treadmill walking"'?,
such as the decreased toe clearance, which increases the
tripping risk"” were noted in astronauts after long-dura-
tion spaceflight. Further, Edgerton et al.¥ reported that
the levels of EMG of the TA and soleus during space-
flight were higher and those of the medial gastrocnemius
were unchanged from pre-flight levels, when astronauts
maintained 10 or 50% of a maximal voluntary contraction
during 10° peak-to-peak sinusoidal movements at 0.5 Hz.
The authors suggested that the most consistent response
to spaceflight was an elevation in the level of contractions
of agonists and antagonists, when attempting to maintain
constant torques at a given level of maximal voluntary
contraction.

Important role of sensory feedback in relation to
human walking was reported by Nielsen and Sinkjaer'.
Application of foot pressure by wearing specially
designed boots was beneficial for neuromuscular activa-

tion during the arm raise movement in astronauts during
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81- or 115-day spaceflight, suggesting beneficial effect of

12)

sensory feedback'®. Important role of afferent input for

maintenance of muscular mobilization was also noted in

910 Co-contraction of antagonists and lower EMG

rats
activities during walking were seen in the hindlimb mus-
cles after 9 weeks of hindlimb suspension'®. However,
such phenomena disappeared 1 week after ambulation
recovery in the cage. It was reported that afferent neu-
rogram activity recorded at the L5 segmental region of
spinal cord, as well as soleus EMG, was inhibited in
response to exposure to actual microgravity created by

10)

parabolic flight of a jet airplane’ and hindlimb suspen-

sion”. These results suggest that gravitational unload-
ing inhibits the afferent input, related to antigravity mus-
cle, and causes abnormal mobilization of hindlimb
muscles in rats'®. It was speculated that afferent input,
influenced by anti-gravitational muscular activity, may
play an important role in the learning of walking motor
performance” reported that development of walking from
infant to adult is related to the changes in the spinal seg-
mental motor output.
CONCLUSIONS

Co-contraction of ankle dorsi-flexors (soleus and
LG) and plantar-flexor (TA) was observed during the
The EMG

amplitudes and the step intervals were not constant.

first independent walking in a neonate.

But disturbance of body balance toward both anterior/
posterior and right/left directions was minor, although
some degree of fluctuation was noted in the vertical force
during the body-support phase. The relatively stable
forces toward anterior and posterior direction suggested
that her landing patterns were flat-foot strike without
heel-strike and toe-kick. The co-contraction of antago-
nists disappeared and walking patterns were normalized
at the age of 15. Since the afferent neural input is
closely related to the antigravity activity of muscle, it was
speculated that afferent input may play an important role
in the learning of walking motor performance in new-
born babies.
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