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Abstract

Ultrasonography is an easily applicable method for visualization of muscle. It is non-invasive, portable and
very reliable for use, as it requires no sedation of the patient. Disruption of the normal muscle architecture and
infiltration of fat causes increased reflections of the ultrasonography beam, resulting in an increase of muscle
echo intensity (EI). EI can be quantified using histogram-based gray-scale analysis, which calculates the mean
gray value of muscle in a region of interest. Previous studies have demonstrated the feasibility of muscle EI
quantification. Quantitative analysis of EI and muscle thickness (MT) is a reliable method for discriminating
between normal muscle and that affected by neuromuscular disease in children, or in middle-aged or elderly
persons. However, it is unclear whether skeletal muscle fat content in healthy adults differs according to exercise
habit. The purpose of this study was to compare MT and EI between exercising and non-exercising adults using
ultrasound imaging.

Thirty healthy men (15 athletes and 15 non-exercising men) with a mean age of 20.7 + 1.3 years participated
in this experiment. The subjects were free of serious disease, and had no family history of neuromuscular disorder
or physical growth disorder. Anthropometry, body composition, and ultrasonographically determined MT and EI
at the right upper arm and thigh were assessed. Ultrasound images of the biceps brachii muscle and quadriceps
femoris muscle were obtained using a B-mode ultrasonography device (Aloka, SDD-Prosound2, Japan) based on
the study of Pillen (2003). Mean echo intensities (EI) were determined using a computed 8-bit gray scale analyzer
employing the standard histogram function of Adobe Photoshop Elements (Adobe Systems Inc., USA).

Percentage body fat (%Fat) and EI at the upper arm and thigh in non-exercising men were significantly higher
than those in the athletes (%Fat: 17.4+5.8% vs 12.4+3.3%, EI: upper arm 18.6+2.5 vs 15.7+3.3, thigh 23.8+3.0 vs
19.7+3.1, p<0.05, respectively). Furthermore, EI at the thigh showed a significant positive correlation with %Fat
(r=0.658, p<0.001). In contrast, MT showed no significant difference between the athletes and the non-exercisers.

Our results suggest that accumulation of adipose tissue within skeletal muscle varies according to exercise
habit in healthy adults. An increase in both body fat and skeletal muscle fat content is linked with an inactive

lifestyle, which in turn is likely to cause qualitative changes in muscles.
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Fig. 1. Ultrasonography methods, echo image and histogram analysis

Table 1. Characteristic and body composition of subjects

Athletes Non-exercisers p
n 15 15
Age, yr 199 +1.2 21.5+0.9
Heights, cm 168.3 +5.1 170.6 +5.9
Weights, kg 60.94 £6.15 64.65 +8.73
Body Mass Index, kg/m’ 21.5 1.5 22.2+2.9
% Body Fat, % 124 +3.3 17.4+5.8 p<0.05
Body Fat Mass, kg 7.6 +2.4 11.5+5.0 p<0.05
Fat-free mass, kg 53452 53.1+5.6

Table 2. Comparison of circumference, muscle thickness and muscle echo intensity in athletes and non-exerciser

Athletes Non-exercisers P
n 15 15
Circumference
Upper arm, cm 26.5 £2.5 26.0 £1.7
Thigh, cm 50.0 £5.0 51.1£3.1
Crosssectional area muscle
Upper arm, cm’ 45.8 +6.7 457483
Thigh, cm’ 188.3+22.5 172.0 £32.0
Muscle thickness
Biceps brachii muscle, cm 1.56 +0.26 1.57 +0.26
Rectus femoris muscle, cm 1.23 +0.43 1.31 +0.49
Muscle echo intensity
Biceps brachii muscle, pixel 15.7+3.3 18.6 +2.5 p<0.05
Rectus femoris muscle, pixel 19.7 £3.1 23.8 £3.0 p<0.001




SN B 4 SR

F21%, KO LR E KBTI B 2 &M, A
PREHAMEA S 5 L - i fE 8 & OBk L 0
FEA L 72 E L B A R LT B JEAREH, AT
HEBLOMEL Voo [RE S JITEER R V—TF
IR & % RS MRS 13 B A (p<0.05), AR
B (p<0.001, [X2) & b IZIRERIEEDA I E W E
NP

B3 4d, MARBRIGEE & KB 5 o 5 1 B o B4R % X
RLTWD, MERICEAEE R EMBEREEEZRL
(p<0.001), EBEFE D 7 HMRNEIRILE, KO FIIEE
AT L, RIRIEERASE < 7 BT EFIMEEDE e AR
MERL7Z.

4. BEE

ARWFZEDAER, EENEEOA ML X0 FE R T
7% EDORRERH R EZIAON LN o72I2 DS
$, HIEDE B L CHRIEIER & v o o ORI E
WCHEBEEPALN, S OICHNIRTER R 3 HiEE
F BB, ThEDICAEBRENROLN. 2ol
&, EHOWIEHEREE ) v 7 L CRRIRENIC b BRI
REDHERZ > TWD I LR LTV A. O

350

KK HfE

RS EHL

X, FINIRBFEO¥MAZ /R L (Artsetal, 2010), 20
WO THo%J7 (Wilhelm et al., 2014a; Fukumoto et al.,
2012; Rech A et al., 2014) .MM 4 % (Cadore et al,
2012) 7% EHABEEEDIR T 2R 2 L I3EITHIZE T D
WEIN TG, F2, B L —= 2 7RFEEAN b
L= IR T35 2 b HmESNT
V5% (Wilhelm et al., 2014b). &5 DFATIHIFED S <
BHEBREENRE L2 OD% L, MEGoREL D
BIOTEHEATYD Z ENPHERIND DS, KIFFEDOH
BRE IR 25 VA TH Y, HEEBZT> T\
WG, BOEM L EOREN LR EZIGREZ > Tni
< THHBMNDIRIFZER L LT B e S 20T
HbH,. 2O &L, Body Mass Index 20— L VIR &
Vo 7R E BEAR RO R AT IE R T o T D RNENI#E
Th D LB & HE S NS [FEAVER ] ORIEIZIT
BYH CUNEIED, 2001), O EEHEA (hEED,
2001) OAZ% S I/NEREEMCLFAET S I L
W SN TWDE (BBRIED, 1996; FiZh, 1997). &
512, RS A - EEEED OET (Fujise et
al., 1999) R HAEEIREOKT (BEFIZ2, 1996), #&
L AT u— LR ERRE, BIRE LIRSS Em ()
ZEIZA, 2006) & EHHEHE LTEIFLNTW A,

p<0.001

300

250

200

150

10.0

femoris muscle, pixel

50

muscle echo intensity of rectus

23.8

00 °
athletes

non-exercisers

Fig. 2. Comparison of muscle echo intensity of rectus femoris muscle in athletes and non-exercisers

0 athletes
0 non-exercisers

30.0
2}
=
8 _ 250
5 2
> 5200
=
o @2
2 E 150
e .2
S & 10.0
o & y=0.4572x+14.986
Eha =0.658
2 5.0
E p<0.001

0.0

0 5 10 15

20 25 30 35

% body fat, %

Fig. 3. Relationship between muscle echo intensity of rectus femoris muscle and % body fat



RN BT 2 EEEEOA WA NIENER IS8

FHHEEEIZ BT, 2 RIS PRI 3 0 RIBR U BH S O
BEEEDS A > A0) YRPUE L BT 5 2 e G ST
Wwa (FR, 2015).

AN VR < S o MR (s NI R AT L, AR
HRENE BRI DIRENIRKE N s TS
) (Hoffmans et al., 1989; Must et al., 1992; Johannsson E
etal, 2006), ABFZE THRIRIIRD EE T 2\ W ANES)
BEDP L WEITHNES S WREREZR L2 &I,
C ORI OEEFEOF WITERH OB T S
TREEEZRLTCWE EEZLNSL. ZOZ LiL, ¥k
MICOIET A T2y FU—AIREDL) AT 2ED D
M TH LD 2 b, BEZAFERA
ThoTHHEDPSDEFHRBEZLHFT S L, I
JER) 2 A ER T A EAEETH DL Z EARE S
7z,

u|

5. ZEXHE

Arts IM, Pillen S, Schelhaas HJ, Overeem S, Zwarts MJ. Normal values
for quantitative muscle ultrasonography in adults. Muscle Nurve
41, 3241, 2010.

Cadore EL, Izquierdo M, Radaelli R, Pinto RS, Baroni BM, Vaz MA,
Alberton CL, Pinto SS, Cunha G, Bottaro M, Kruel LF. Echo in-
tensity in associated with skeletal muscle power and cardiovascu-
lar performance in elderly men. Exp. Gerontol 47, 473-478, 2012.

WY, I ET 4 72y Fu— A EEEE R EH)
rohMe—uaEerhie) YT —3 3 r— Jpnl
Rehabil Med 50, 48-54, 2013.

Elder CP, Apple DF, Bickel CS, Meyer RA, Dudley GA. Intramuscular
fat and glucose tolerance after spinal cord injury-a cross-sectional
study. Spinal Cord 42, 711-716, 2004.

Fujise T, Nagasaki K. Characteristics of anthropometry and physical
fitness of masked obesity in young men and women. Jpn J Phys
Fitness Sports Med 48, 631-340, 1999.

TRICEE. BE WL I — T F 7SS AR O FFE. B
FHEES 41,130, 2014,

Fukumoto Y, Ikezoe T, Yamada Y, Tsukagoshi R, Nakamura M, Mori
N, Kimura M, Ichihashi N. Skeletal muscle quality assessed from
echo intensity is associated with muscle strength of middle-aged
and elderly persons. Eur J Appl Physiol 112, 1519-1525, 2012.

RICES, WRASF, FFiEd, HhR—, PR, RiTA S
A, HAGHIE . WP % W 22 B O - o 58 R R l—
MIEE TR SN D i OB H ) SR8 % T § v —.
AR AT K4y 2009, 2010.

FIEE, ElE L, HERA, MM, FEE, R, N
WRIZB 1T 2 BAEEOMET. H/ANBRMEHEEE 11, 134-138,

Heckmatt J, Rodillo E, Doherty M, Willson K, Leeman S. Quantitative
sonography of muscle. J Child Neurol 4, S101-106, 1989.

FREAN, AP, AR, WARRA, RN, FEHIE
2, MEACLH. 2 BB R EE OB EPARAT % H V72 B
DEDERMWFHEE A > 20) VBT & ORI, HARBA:
FRIEFAT R 2 2014, 2015,

Hoffmans MD, Kromhout D, Coulander CD. Body mass index at age
of 18 and its effects on 32-year-mortariry from coronary heart dis-
ease and cancer. A nestd case-control study among the entire 1932
Duch male birth cohort. J Clin Epidemiol 42, 513-520, 1989.

—JIKH, SsEF, ZHETE. BERBE— NEICL LT
HIE LTI T A b & DBIR~ AR — Y HEREER T IZE
FBREMAEBFE G E LT~ AR— VR
%11, 1-10, 2014.

TG, ERGIE—ERICB 2 b0 F v L v d—
AR5 37, 552-556, 2010.

MWIRASF, =T, AitAhrs, AR nic & 287
BT 20 ax=7 LHHNIRTEMOZE. FIE
£ 60, 720, 2011.

Johannsson E, Arngrimsson SA, Thorsdottir I, Sveinsson T. Tracking
of overweight from early childhood to adolescence in cohorts born
1988 and 1994: overweight in a high birth weight population. Int J
Obes 30, 1265-1271, 2006.

WL EF, KIRY), HHIE, FEhE K FEiEicsir2
IEFAELRBEICHET 2R—\bw s ELHE o
BIRMIEH L T4 7 A8 A4 WD T—. FALHRUEIIZE 38,
263-269, 1996.

Komiya S, Eto C, Otoki K, Teramoto K, Shimizu F, Shimamoto H. Gen-
der differences in body fat of low- and high-body-mass children:
relationship with body mass index. Eur J Appl Physiol 82, 16-23,
2000.

JEA G EE . B R - AR A (CFR274E ) . http://www.mhlw.
go.jp/bunya/kenkou/eiyou/dl/h25-houkoku.pdf, Z:H& H 20154E9
H20H.

Manini TM, Clark BC, Nalls MA, Goodpaster BH, Ploutz-Snyder LL,
Harris TB. Reduced physical activity increases intermuscular adi-
pose tissue in healthy young adults. Am J Clin Nutr 85, 377-384,
2007.

SRR AR E B AT i A e CPR254EE) . hitp://www.
mext.go.jp/a_menu/sports/kodomo/zencyo/1342657.htm, Z:f8 H
201549 H20H .

R, FROKRDE EOD ORI N Y K7y 7. 2012,
M=, HEE. FELOBECEID & CBRE L TORE
A AR & e L C L R ISR 52, 187-200, 2007

Must A, Jacques PF, Dallal GE, Bajema CJ, Dietz WH. Long-term
morbidity and mortality of overweight adolescents. A follow-up
of the Harvard Growth Study of 1922 to 1935. N Engl J Med 327,
13501355, 1992.

s, H R, AN S U, BERT, LRI, BEHRE.
LFRFAEDOIEFEHRERMOER L T ANV F—FEE L
BMI B & OEIERG= & O RCLBIBAR. IERHIZE 7, 150-154,
2001.

ANTEATHE, D EEDLA, HMIREER, SRHTIEHY, ARRS. MRS A
HEORIRN I UV Body Mass Index & [LENRE & ORI . #
BES 46, 1100-1109, 2001.

ANGEANEE, MUERSREL, RJINE—, JELRINE, BEARHE, ARRE B
M BRIEER LI BT 2 BAUEEE O MERE R, &
JIRMEE 55, 155-164, 2006.

Pillen S, Scholten RR, Zwarts MJ, Verrips A. Quantitative skeletal
muscle ultrasonography in children with suspected neuromuscular
disease. Muscle Nerve 27, 699-705, 2003.

Pillen S, Tak RO, Zwarts MJ, Lammens MM, Verrijp KN, Arts IM,
van der Laak JA, Hoogerbrugge PM, van Engelen BG, Verrips A.
Skeletal muscle ultrasound: correlation between fibrous tissue and
echo intensity. Ultrasound Med Biol 35, 443-446, 2009.

Rech A, Radaelli R, Goltz FR, Rosa LHT, Schneider CD, Pinto RS.
Echo intensity is negatively associated with functional capacity in
older women. Age 36, 9708, 2014.



A EW - KW A - HH EE

TS, BT, EINETE, EOARYE, EREN. R
I2B1F % 26 E M OEE KT DHERS & T OB KEY
TF7E 58, 181-194, 2013.

AW, EHEET. AR Z 7/ 8 o PR IR
D720 DT TN ORE. BHEERFREAE S
WSEACEE 31, 19-24, 2007.

FHME, ke R, RERE, HNE =FEEN. B19E
DN - K OREFEZEAL. REFEF Y 7, 87-96, 2010.

Visser M, Goodpaster BH, Kritchevsky SB, Newman AB, Nevitt M,
Rubin SM, Simonsick EM, Harris TB. Muscle mass, muscle
strength, and muscle fat infiltration as predictors of incident mo-
bility limitations in well-functioning older persons. J Gerontol A
Biol Sci Med Sci 60, 324-333, 2005.

Wilhelm EN, Rech A, Minozzo F, Radaelli R, Botton CE, Pinto RS.
Relationship between quadriceps femoris echo intensity, muscle
power, and functional capacity of older men. Age 36, 1113-1122,
2014a.

Wilhelm EN, Rech A, Minozzo F, Bottton CE, Radaelli R, Teixeira BC,
Reischak-Oliveira A, Pinto RS. Concurrent strength and endurance
training exercise sequence does not affect neuromuscular adapta-
tions in older men. Exp Gerontol 60, 207-14, 2014.

(20154E 9 H24 H=3)

KK HfE

LN

i 75
TR



