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Fig 1 Correlations between delta muscle strength and delta exercise capacity. Positve correlations were observed between delta PT and delta peak VOa Delta

T was significantly and positively correlated with delta peak VOs in 1 group, but notin H group. PT

strength in the Loand H groups. No significant changes were
observed in the total muscle volume and the upper or lower
limb muscle volume in the 2 groups. A significant increase
of PT in both groups was observed: group L, 113.4434.5 to
126.0+£37.5 Nm (p=0.0001); and group H. 137.94+33.3 to
146.1£39.7 Nm (p = 0.05).

3.3 The relationship between the delta skeletal muscle
strength and delia exercise capacity

The delta PT positively correlated with the delta AT
(r=0.26. p=0.05) and the delta peak VO, (7= 0.37, p<0.01).
A positive and significant correlation was observed between
the delta PT. the delta AT (7=0.46. p<0.01) and the delta
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A correlation was notsignilicant in both Hand 1 graups VO,
i |

peak torque. VO-  oxygen uplake
peak VO, (r=0.50, p<0.01) not in the H group but in the L
group (Fig. 1).

3.4. The relationship benveen the delta lower limb muscle
volume and delia exercise capacity

The delta AT had no correlation with the lower limb
muscle volume including the thigh and crus. Morcover, the
delta AT had no significant correlation with the delta lower
limb muscle volume i the L and H groups.

The delta peak VO, revealed no correlation with the
lower limb muscle volume including the thigh and crus. The
delta peak VO, observed no significant correlation with the
delta lower limb muscle volume in the 2 groups (Fig. 2).
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Fig. 3. Correlations between delta muscle strength and deha lower b muscle volume No correlation revealed betw een delta PT and delta fower Timb muiscle
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volume. A correlation was not significant m both H and I groups PT

3.5. The relationship benveen the delta skeletal muscle
strength and the delta lower limb muscle volume

The delta PT revealed no significant correlation with
the delta skeletal muscle volume of the whole body or
upper limb or Tower limb including muscles of thigh and
crus. No significant correlation was observed between the
PT and the Tower limb muscle volume in L and H groups
(Fig. 3).

4. Discussion

In the present study. we measured the lower limb muscle
strength and volume at 1 and 3 months after 12-week
recover-phase CR program and analyzed the improvement,

And we evaluated the influence of the skeletal muscle
volume on exercise capacity in a relatively large population
of paticnts with MI using bioclectricity impedance. a new
method for measuring the skeletal muscle volume.

4.1, Exercise capacity after 12 week recover-phase CR
Progian

Resistance excraise training was performed at 509
intensity of | repetition maximum combined with acrobic
training. AT and peak VO, were significantly improved.
which was the similar results as previous reports without
cardiac or orthopedic compheations |5.8]. Many study re-
ports have suggested the necessity of exercise training which
IMProves exercise capacity in patients with cardiane discase
[4-NI4T5] In addition. exercise capacity was sigmficantly
improved both i the Land H groups. CR improyed excreise

peak lorque

capacity regardless of the degree of skeletal muscle volume
in patients with M1

4.2, The skeletal muscle volume and siveneth afier 12 week
recover-phase CR progiram

Murabayashi ct al. [4] reported significantly increased
muscle volume after 3-month exercise training in paticnts
with MI; however, no significant increase was observed in
this study. The training cftect on skeletal musele volume and
strength in our study was similar to that demonstrated by
Beniamini et al. |7 In the present study. there was a ten-
deney that the L group increased more muscle volume than
the H group. This trend suggested that exercise therapy along
with exercise traiming would be more effective to the patients
with low muscle volume,

A significant improvement of the skeletal muscle strength
was observed in this study. which was <similar to the results of
previous studies [6.7] Fragnoli-Munn et al | K] reported that
middle-tensity strength trainig was effective to improve
exercise capacity and muscle strength but not body com-
position. Benianuni ¢t al. [7] demonstrated  that high-
intensity strength training (80% of one repetition maxinum)
during 1 2-week recover-phase CR program improved exer-
cise capacity and to changed hody composition.

13 The relationship henveen the delwa lovwer limh muscle
steength and delta exercise capacin

In the present studyv. we analyzed the unprosement of
exercise capacity based on the lower hmb muscle strength as
an dex of acceptable musele quality. This is the fiest study
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report to indicate a correlation between the delta lower himb
muscle strength and delta exercise capacity m the overall
investigation. The delta lower limb muscle strength cor-
related with delta exercise capacity not in the H group but in
the L group. The skeletal muscle volume in the L group was
somew hat smaller than the H group. which would not have
been found 1f our patients had been cachectic. Cachectic
patients with CHF are characterized not only by small
muscle volume, but also by endocrine. catabolic. or cytokine
abnormalitics that apparently cause qualitative changes of
skeletal muscle such as inereased Type 11 b fiber. decreased
Type | fiber. and the decreased mitochondria volume | 16,17
in skeletal muscle hiopsy, We believe that these changes
were responsible for the discrepancy of the results i Ml
patients. Accordingly, it is necessary for patients in the L
group to increase lower imb muscle strength by muscle
training which improves exercise capacity.

44 The relationship hetween the delia lower limh muscle
volume and delta exercise capacity

The amount of musele volume was also analyzed in this
study. The lower limb muscle volume was used as indexes of
acceptable muscle quantity and the improvement of exercise
capacity. No correlations were observed between the delta
lower hmb muscle volume and delta exercise capacity
neither in the overall investigation nor a comparison between
the 2 groups. Murabayashi et al. |[4] found a significant
correlation between the delta skeletal muscle volume and
delta exercise capacity in patients with M1

Exercise capacity was improved by increased muscle
strength without any change of muscle volume. Previous
studies reported no significant changes of skeletal muscele
volume | 7.8]. A certain pertod of bed rest during hospitaliza-
tion. which causes deconditioning. might affect the result.
Patient’s muscle remains unchanged in the acute phrase of
MI; however, it takes a time to merease muscle volume,

4.5 The relationship henveen the delia lower limh muscle
streneth and the delta tower limb muscle volume

No correlation was observed between the delta lower limb
muscle strength and volume neither in the time-change and
overall mvestigations nor a comparison between the L and H
aroups. No study has described the relationship between the
delta lower imb muscle strength and volume. We presumed
that muscle andor nerve fibers and a psychological factor,
such as patient’s willingness to move after the MI onset.
possibly affected an increase of muscle strength before
muscle volume increased.

5. Study limitations
The data obtained m the present study was insufficient to

cvitluate the following 2 points: since muscle biopsies of the
lower extrenmties were not performed. we were unable to

adequately observe muscle tissue change. The evaluations of
the distal skeletal muscle blood flow at rest and during
exercise were not evaluated. Future studies would be neces-
sary to address these pomnts. Our evaluations of skeletal
muscle strength were also lacking. as we based them on peak
torque alone rather than peak torque and muscle endurance
in combination, We measured only skeletal muscle strength
of the thigh. Future studies should also evaluate muscle
endurance to improve the rehability of data on skeletal
muscle strength and measure skeletal muscle strength of the
calf. This 1s attributed to the fact that 1t was too small to
analyze the muscle volume changes in MI patients during
3 months after the onset using a bioelectrical impedance
method (mean 0.05+0.27 kg).

6. Conclusions

CR program combined with resistance and aerobic
training improved exercise capacity and increased not the
skeletal muscle volume but the skeletal muscle strength in
patients with AMI in their recovery phase. The improvement
of exercise capacity 1s thought to depend on the skeletal
muscle strength, Tt is vital for MI patients with low muscle
volume to increase their lower himb muscle strength by
muscle training which improves exereise capacity.
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