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Muscle composition of various athletes by MRI

Shigeru KATSUTA, Shin-ya KUNO™ and Yuji ITAT* *

Since manners of physical activities and active sites in human while doing sports vary greatly
depending on the type of the sports, continuous training of exercises specific to a certain game may
effect morphological characteristics of femoral muscles. No study has been made on muscle morphol-
ogy of whole femoral part, although muscle belly has mainly been evaluated. In this study, the char-
acteristics of muscle composition in the whole femoral part were evaluated in excellent male and
female athletes in various events using MRI. Sixty-six of male and female athletes within the ranks
of top 10 in Japan or member of all Japan in 8 events were employed. Twenty male and female in the
control group were also subjected. In determination of muscle cross-sectional area by MRI, longitu-
dinal section was first imaged, and the image thus obtained was used to identify greater trochanter
and intercondylar eminence of shank. From the position of 70% of the distance from intercondylar
eminence, 11 axial images in MRI were subsequently taken at a same interval of distance toward the
knee. From axial images obtained, the cross-sectional areas of quadriceps muscle and muscle of
hamstrings were calculated. With regard to the characteristics by the event in-male athletes, the
subjects were classified into two types. In one type, both muscle groups in upper femoral part were
greatly developed but not in lower part (Ex. Track & Field) . In the other type, both of the upper
and lower femoral parts showed great development (Ex. Soccer). Female athletes indicated signifi-
cantly high values at any position of slices.

key words : MR], elite athlete, muscle cross-sectional area
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Table 1a. Physical characteristics of male subjects.

Sports event n Age Height Weight
P (yrs) (cm) (kg)
Track & Field 24 21.8(2.5) 177.2(5.4) 70.6(11.4)
Sprint 7 20.9(1.3) 173.4(4.8) 64.6( 8.0)
Middle distance -3 20.7(1.2) 171.0(6.6) 64.0( 3.0)
Jump 11 23.0(3.2) 180.2(3.6) 69.9( 5.1)
Throw 3 21.7(0.6) 180.3(3.1) 94.3(19.2)
Soccer 6 22.3(1.2) 179.4(2.4) 74.6( 9.5)
Volleyball 1 22.0( - ) 193.0( - ) 88.0( - )
Handball 1 22.0( - ) 182.0( - ) 75.0( - )
Judo 1 22.0( - ) 170.0( - ) 83.0( - )
Speed skate 3 23.5(1.7) 176.5(3.6) 67.5( 2.8)
Ski(Jump) 7 21.5(1.9) 169.1(4.1) 57.5( 3.8)
Ski(Combine) 4 24.0(1.8) 172.0(3.2) 61.6( 4.6)
Total 47 22.0(2. 3) 177.8(1.8) 72.2( 3.5)
Control 6 21.8(2.4) 169.1(1.6) 65.2( 6.7)
Values are means. ( ) is SD.
Table 1b. Physical characteristics of female subjects.
Sports event n Age Height Weight
P (yrs) (cm) (kg)
Track & Field 14 20.1(1.1) 164.5(5.4) 55.1(8.0)
Sprint 3 19.0(1.3) 164.0(3.0) 53.3(3.8)
Middle distance 5 20.4(1.1) 158.8(2.6) 48.0(4.2)
Jump 3 19.7(0.6) 165.7(2.5) 54.7(1.5)
Throw 3 21.3(0.6) 171.7(3.8) 66.7(9.1)
Volleyball 1 24.0( - ) 183.0( - ) 73.0( - )
Tennis 1 19.0( - ) 160.0( - ) 55.0( - )
Judo 1 22.0( - ) 163.0( - ) 70.0( - )
Speed skate 2 21.0( - ) 162.0( - ) 58.0( - )
Total 19 20.4(1.4) 164.9(6.4) 54.6(8.6)
Control 14 23.6(1.1) 158.7(4.9) 51.1(4.1)
. Values are means. () is SD.
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Fig. 1 MR imaging of thigh in various elite athletes and control subjects. 1 Judo (world champion, male), 2 Vol-
leyball (all Japan, male), 3 T & F (jump ; Japanese record holder, male), 4 Ski jump (Olympic 4th, male),
5T & F (middle distance, inter college champion, female), 6 T & F (heptathlon, inter college champion,
female), 7 Control (male), 8 Control (female)
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Fig. 2 Muscle cross-sectional areas by MRI in various male athletes and control subject.

The astaric (*) is the biggest area of each muscle group.
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Fig. 3 Muscle cross-sectional areas by MRI in various female athletes and control subject.
The astaric (*) is the biggest area of each muscle group.
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Table. 2 The ratio to upper (70% )/ lower (30% ) position in total muscle cross-sectional area

of thigh.
Male Female
QF +HM QF +HM
N 70% 30% ratio of 30/70% N 70% 30% ratio of 30/70%
(em?)  (cm®) (%) (em®)  (cm?) (%)

Track & Field 24  203.6 112.6 55.3(1.9) 14 148.5 88.8 59.8(2.3)
Sprint 7 199.2 105.8 53.1(0.9) 3 145.2 94.4 65.0(1.9)
Middle distance 3 200.5 118.9 59. 3(1.3) 5 143.9 88.1 61.2(1.1)
Jump 11 199.8 110.2 55.2(2.4) 5 -150.4 81.8 54.4(1.3)
Throw 3 239.7 134.4 56.1(1.1) 3 156.9 96.3 61.4(2.8)
Soccer 6 214.7 141.5 65.9(2.3) 0 - - -==(---)
Volleyball 1 231.6 143.1 61.8(---) 1 149.0 91.4 61.1(---)
Handball 1 200.0 115.2 57.6(---) 0 --- - —==(---)
Tennis 0 --- - ~==(---) 1 148.5 93.6 63.0(---)
Judo 1 267.9 141.3 52.7(---) 1 169.1 105.8 62.6(---)
Speed skate 3  206.6 135.1 65.4(1.5) 2 148.3 89.3 60.2(---)
Ski(Jump) 7 187.9 110.7 58.9(2.0) 0 - -—= -—=(---)
Ski(Combine) 4 185.2 57.8 57.8(1.2) 0 --- --- —==(-=-)
Control 6 163.5 105.0 64.2(2.3) 14 104.4 73.0 69.9(1.9)

Values are upper/lower area x 100. ( ) is SD.v
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Table. 3 Muscle cross-sectional areas at upper(70% ), middle(50% ), and lower(30% ) position of thigh
in male subjects. RF; M. rectus femoris, VL ; M. vastus lateralis, VI; M. vastus intermedius, VM ;
M. vastus medialis, QF ; M. quadriceps femoris, HM ; hamstring + adductor.

Sports event n RE VL VI+VM QF HM
P (em?) (em?) (cm?) (em?) (cm?)
Track & Field 24 15.1( 3.0) 30.8( 8.3) 39.7( 5.9) 86.5(11.5) 117.1(14.7)
Sprint 7 13.9( 2.4) 31.2( 4.4)  36.1( 4.0) 81.7( 5.9) 117.5(12.5)
Middle distance 3 14.6( 1.9) 28.3( 2.1) 41.4( 4.2) 84.3( 7.5) 116.2( 4.6)
Jump 11 15.0( 3.3) 31.2( 3.7) 40.3( 4.8)  86.4( 7.7) 113.4(15.7)
Throw 3 18.7( 3.1) 37.1(16.3)  47.5( 9.0) 103.3(25.7) 136.4(16.2)
Soccer 6 20.6(5.1) 28.0( 3.2) 45.1( 5.4) 93.6( 8.5) 121.1(13.9)
70%  Volleyball 1 23.3( =) 29.9( -) 44.2( -) 97.4( - ) 134.2( -)
Handball 1 16.6( - ) 3.1( -) 41.5( -) 93.2( -) 106.8( -)
Judo 1 16.7C -) 33.2( -) 64.0( -) 113.9( - ) 154.0( -)
Speed skate 3 14.2( 2.4) 30.1( 5.8) 50.5( 4.6)  95.3( 7.0) 111.3(21.6)
Ski(Jump) 7 18.5( 1.4) 27.9( 4.8) 38.6( 5.0) 85.1( 8.4) 102.8( 8.9)
Ski(Combine) 4 16.5(3.2) 28.9(3.8) 37.1(5.5) 82.5( 4.8) 102.7( 5.4)
Control 6 14.5( 3.1) 25.1( 2.8) 37.7( 4.2) 77.3( 8.5) 86.2( 5.8)
S n RF VL VI+VM QF HM
ports event (em?) (em?) (em?) (em?) (em?)
Track & Field 24 9.6( 2.3) 27.6( 6.0) 49.8( 6.5)  87.1(12.5)  85.0(13.3)
Sprint 7  87(1.2) 26.0(3.8) 46.1( 2.8)  80.9( 5.5) 82.7( 8.6)
Middle distance 3 8.8(0.9) 26.0(54) 51.6(1.9) 86.5( 6.1) 85.6( 0.7)
Jump 11 9.6( 2.6) 27.3(4.1) 49.6( 4.3)  86.4( 6.0)  81.9(12.5)
Throw 3 12.3(3.0) 35.3(13.5) 60.9(12.1) 108.5(27.2) 104.2(23.1)
Soccer 6 12.7( 2.5) 31.0(3.2) 59.1( 4.9) 102.8( 5.7)  96.9(12.8)
50%  Volleyball 1 10.1( -) 39.7( -) 653 -) 1151( -) 9L6( -)
Handball 1- 1.1 -) 27.9C -) 53.1( -) 92.1( -) 747 -)
Judo 1 9.4( -) 320 -) 733 -) 1147( -) 104.6( -)
Speed skate 3 87(0.6) 32.0(27) 587(51) 99.4( 7.8) 89.5(18.5)
Ski(Jump) 7 8.3(1.9) 30.9(89) 50.2(4.4) 89.4(11.1) 74.2( 5.5)
Ski(Combine) 4 7.9(1.9) 31.4( 3.8) 48.3( 5.6) 87.6( 4.6) 78.9( 4.2)
Control 6 8.5(2.4)  26.6(5.8) 47.1(5.0) 82.2(11.6) 64.6( 5.4)
Sports event n RF VL VI+VM QF HM
pores v (em?) (em?) (em?) (em?) (cm?)
Track & Field : 24 1.3(0.3) 14.8( 3.9) 47.8( 6.6) 63.3( 9.4). 49.3( 8.5)
Sprint 7 0.9(0.6) 12.3( 3.4) 44.0( 5.5) 56.8( 7.1)  49.0( 9.4)
Middle distance 3 1.4( -) 14.1(2.9) 51.0( 4.1) 65.9( 6.0)  53.0( 9.4)
Jump 11 1.2(1.0) 15.3( 3.8) 46.9( 4.3)  62.8( 5.5) 47.4( 9.0)
Throw 3 1.7C -) 19.5(2.9) 58.9(9.3)  79.5(12.9) 54.9( 5.5)
) Soccer 6 2.8(2.0) 21.8(1.5) 57.0(47) 81.0(7.3) 60.5(11.8)
30%  Volleyball 1 120 -) 186( -) 68.4( -) 8%2( -) 549 -)
Handball 1 1.4( -) 14.1( -) 52.7C -) 68.2( -) 47.0( -)
Judo 1 -( -) 149 -) 67.6( -) 8.5 -) 57.8 -)
Speed skate 3 2.6( -) 21.6(5.4) 56.2(10.2)  79.6(15.4)  55.5( 9.3)
Ski(Jump) 7 1.1 0.7) 14.0(3.9) 48.8( 3.1) 63.9( 6.0) 46.8( 8.1)
Ski(Combine) 4 0.7(0.4) 15.4( 4.4) 49.2( 3.4)  65.3( 6.3) 41.7( 3.1)
Control 6 1.6( 1.4) 16.9( 4.4) 47.4( 8.2)  65.6(12.0)  39.4( 6.1)

Values are means. ( ) is SD.
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Table. 4 Muscle cross-sectional areas at upper(70% ), middle(50% ), and lower(30% ) position of thigh
RF ; M. rectus femoris, VL ; M. vastus lateralis, VI; M. vastus intermedius,
VM ; M. vastus medialis, QF ; M. quadriceps femoris, HM ; hamstring + adductor.

in female subjects.

Soorts event n RF VL VI+VM QF HM
PO (cm?) (cm?) (cm?) (em?) (em?)
Track & Field 14 14.1( 1.4) 21.2( 6.7) 28.1( 4.1) 64.9( 6.1) 83.6( 6.7)
Sprint 3 14.1(1.4) 257(1.7) 26.9(5.4) 66.8( 5:1) 78.4( 5.5)
Middle distance 5 13.4( 4.8) 19.5( 3.1) 26.8( 3.1) 60.8( 6.8) 83.1( 8.2)
Jump 3 12.4( 1.1) 22.9(4.9) 31.7(4.0) 67.0( 7.9) 83.4( 8.2)
70% Throw 3 14.4(0.4) 25.4( 4.6) 28.1( 5.6) 68.0( 4.9) 88.9( 3.5)
Volleyball 1 14.4( -) 23.9C -) 37.1( -) 75.4( -) 74.2( -)
Tennis 1 11.7¢C -) 23.9( -) 26.1( -) 61L.7( -) 868 -)
Judo 1 13.8( -) 22.4( -) 31.5( -) 67.7C -) 101.4( -)
Speed skate 2 14.1( -) 22.2( -) 337 -) 703 -) 78.0( -)
Control 14 9.9(17) 15.7(3.9) 22.6(3.1) 48.2( 6.8) 56.2( 7.2)
Soorts event n RF VL VI+VM QF HM
P (em?) (em?) (em?) (cm?) (em?)
Track & Field 14  7.2(1.5) 20.9( 3.6) 37.3( 4.1) 65.5( 7.4) 63.7( 7.2)
Sprint 3 7.7 0.3) 21.9( 2.5) 36.0(3.9) 65.7(3.2) 62.5(4.5)
Middle distance 5 7.8( 1.9) 18.1( 3.4) 35.4( 4.0) 61.3( 8.8) 62.0( 8.6)
Jump 3 54(0.5) 20.7(2.1) 40.5(3.2) 66.6( 54) 61.2( 6.7)
50% Throw 3 7.7(1.9) 24.2(5.1) 39.9( 4.4) 71.8(10.1) 71.7( 7.0)
Volleyball 1 86( -) 24.6( -) 49.7¢ -) 8.9 -) 625 -)
Tennis 1 6.9 -) 232( -) 343 -) 645 -) 67.8( -)
Judo 1 7.9 -) 182 -) 3.0 -) 651( -) 75.7C -)
Speed skate 2 6.3( - ) 24.1( -) 45.4( -) 75.8( - ) 59.6( - )
Control 14  6.0(1.0) 16.3( 2.8) 30.5(3.8) 52.9(6.6) 46.4( 6.8)
Soort . n RF VL VI+VM QF HM
ports even (cm®) (em?) (cm?) (em?) (em?)
Track & Field 14 1.7( 1.0) 12.4( 3.5) 36.3( 3.4) 49.9( 6.5)  38.9( 6.7)
Sprint 3 1.9(C -) 154( -) 36.4( -) 53.6( -) 40.8( -)
Middle distance 5 2.0(1.2) 12.2(38.5) 34.4( 3.7) 48.5( 8.3) 39.6( 6.7)
Jump 309 -) 9.5( 2.9) 36.8( 5.6) 46.9( 7.7) 34.9( 3.6)
30% Throw 3 1.8( -) 14.7(4.4) 38.1(0.7) 53.9( 6.2) 42.4(12.3)
Volleyball 1 2.1 -) 152( -) 50.8( ~-) 681( -) 23.3( -)
Tennis 1 1.4 -) 17.2( -) 39.6( -) 581( -) 355 -)
Judo 1 38 -) 123 -) 39.5( -) 55.6( -) 50.2( -)
Speed skate 2 0.3 -) 9.6( - ) 45.7C - ) 55.4( -) 33.9( -)
Control 14 0.2(0.4) 10.9( 2.6) 32.2( 4.7) 44.0( 4.2)  29.0( 5.6)

Values are means. ( ) is SD.
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