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Mapping of Muscle Activation Patterns in the M. Quadriceps
Femoris after Knee Extension Exercise

AKIMA Hiroshi™, TAKAHASHI Hideyuki, KUNO Shinya,
ANNO Izumi™ ™, ITAI Yuji ™™ and KATSUTA Shigeru

‘The purpose of the present study was to investigate the patterns of muscle activity in
the m. quadriceps femoris at three levels along the right-thigh. Seven male volunteers were
participated in this study. Exercise-induced contrast shift in MR imaging was determined
based on T2-weighted axial images (TR/TE 2000/20, 40, 60, 80 ms) at three levels at rest
and immediately after 100 repetitions of isokinetic knee extension (10 sets of 10 repetitions
with 0.5 min rest at 120 deg/sec between sets). The middle level of image was corres-
ponded to the center of femur length, and the other two images were located at 4 cm proxim-
al or distal. T2 values of m. rectus femoris (RF), m. vastus lateralis (VL), m. vastus inter-
medius (VI), and m. vastus medialis (VM) were measured from two or three regions of in-
terest (ROI), and then averaged to be representative value for each muscle. There was no
difference among resting T2 values for each muscle, while T2 values after exercise of RF
were significantly higher than that of other three muscles at each level of the thigh. We
found no significant difference among three levels for each muscle and among two or three
ROIs within each muscle. The results suggest that 1) muscle activations during knee exten-
sion of individual muscles in the m. quadriceps femoris were different, i.e. recruitment of RF
was greater, 2) m. quadriceps femoris were similarly activated at three levels along the

v thigh, and 3) muscle activations were similar in the single muscle.

Key words: Activation pattern, Mapping, Skeletal muscle, Muscle function, Magnetic reso-
nance imaging
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Fig.1 Schematic illustration of axial images of

thigh at middle level. The circles at
quadriceps muscles represented regions
of interest to measure T2 values of indi-
vidual muscles.
RF: m. rectus femoris, VL: m. vastus
lateralis, VI: m. vastus intermedius, VM:
m. vastus medialis, HM + AD: hamstrings
and adductors, Sar: m. sartorious.
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Fig. 2 Representative T2-weighted MR images of thigh at rest and after exercise.
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Table 1. T2 values (msec) of m. quadriceps femoris at rest and immediafely after knee extensions.

Rest
RFl RF2 RF VL1 VLZ VL3 VL VIL V2 VI3 VI VMl VM2 VM3 VM
Proximal 27.0 27.0 27.0 28.0 27.6 26.6 27.4 28.5 28.3 27.2 28.0 28.5 27.6 —  28.1
0.3) (0.8) (0.5) 0.5) (0.7) (1.5) (0.7) (1.1) (0.6) (0.8) (0.5 (0.5) (1.1) - (0.7
Middle 26.8 27.2 27.0 27.6 28.8 26.8 28.1 28.5 ' 28.5 28.9. 28.6 28.5 28.1 28.9 28.1
(0.8 (1.2) (0.8) (0.7) 0.6) (1.4 (0.7 (1.3) (1.3) (0.6) (0.9 (0.8) (0.9 (0.6) (0.9
Distal 26.9 —  26.9 26.6 29.0 27.7 28.6 29.1 28.5 28.6 28.8 27.7 27.3 28.6 27.5
(0.8 — (0.8 (1.5) (1.2) (0.7 (0.9 (1.1) (1.0} (0.9 (0.8 (1.0) (1.4 (0.9 (0.8
After knee extension
RFl RF2 RF VLl VL2 VL3 VL VIL V2 vi3 VI VML VM2 VM3 VM
Proximal 37.8 37.2 37.5 34.1  33.1  31.5 32.9 34,3 33.8 33.5 33.9 33,5 33.5 — 33.5
(1.4) (2.6) (1.8) (1.9 2.3 Q.7 @9 2.1) @7 @5 (2.2 (1.8) (2.6) — (1.9
Middle 38.9 38.6 38.7 35.2 34.2 31.9 33.8 34.8 34.7 34.4 34.6 34.0 '32.8 32.4 33.1
(1.1) (2.2) (1.4) (2.3) (2.50 (2.4) (2.2) (2.5) (2.0) (1.8) 1.8) (2.9) (3.6) (3.3) (3.0
Distal 38.3 —  38.3 36.0 34.7 33.2  34.7 35.9 35.6 34.3 35.3 34.9 32.3 32.6 33.3
(1.6) — (1.6) (2.3) (3.0) (3.3) (2.7 @.7 (1.0) (2.6) (2.4 (2:.7) (3.3) (2.5) (2.6)

Values are means and SD. RF: m. rectus femoris, VL: m. vastus lateralis, VI: m. vastus intermedius, and VM: m. vastus medialis.
T2 values of RF, VL, VI, and VM were averaged for each region of interest,

501 imal level . .
I Proximal level Table 2 Cross-sectional area (cm?) of indi-

vidual muscles of the m. quadriceps
femoris at three levels of the thigh.

Proximal Middle Distal

RF 12.6 8.1 2.8

2.4 2.1 (1.0)

VL 27.6%7 25.3% 18.2%

0 Middle level (4.5) (4.7 (3.4)
&« VI 26.0%*7 22.9% 16.9%
i (3.7) 4.0) 1.7)

<

5 T VM 11.2 20.2* 26.5%*
= 2.7) (3.3) (4.2)

Values are means and SD. RF: m. rectus femoris, VL: m.

vastus lateralis, VI: m. vastus intermedius, VM: m. vastus
* medialis.

- Distal level % : p<0.0l vs RF, t . p<0.01 vs VM, % . p<0.01 vs
VL and VI.
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Fig. 3 Percent increase in T2 value of quad-
riceps femoris muscles immediately after

knee extension exercise. RS KIRER & B L CEFICEEELRL, ¥
RF: m. rectus femoris, VL: m. vastus 7=, lﬁﬁﬂ}fﬁﬁ‘ﬁbiﬁ“ﬁﬂ PR R LT AR

lateralis, VI m. vastus intermedius, VM: - —
m. vastus medialis. ICEERIR L7,

% :p<0.05 vs VL, VI and VM. AN KBRIUSE R O & B O FH T E g & BB
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1=-0.567, p<0.001

Cross-sectional area (cm2)

%Increase in T2

Fig. 4 Relationships = between - cross-sectional
area of individual muscle of m. quad-
riceps femoris and percent increase in
exercise-induced T2 values.
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