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[
1\ SUMMARY : We evaluated the efficacy of real-time ultrasound imaging in order to identify the normal
range of mid-thigh muscle thickness and subcutaneous tissue thickness and to assess the standard values
for our population. 500 children who had no neurological disorders were included in the study. We did not
demonstrate any significant difference in muscle thickness between girls and boys, but girls had a signii-
cantly greater subcutaneous tissue depth than boys. The standard values that we measured were signifi-
cantly different when compared with other studies. Quadriceps muscle thickness were found to be lower in
our population and no significant difference was demonstrated in subcutaneous tissue depth. Our I@Sll[lb
show that, we have to use the standard values from our population in order to form the basis of the as sess-
ment of newromuscular disorders.
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rential diagnosis of neuromuscular diseases, mu-
uscle thickness and subcutaneous tissue thickness
must be assessed exactly and correctly and the valu-

INTRODUCTION

A wide variety of techniques including simple

clinical evaluation, biochemical determinations,
anthropomorphic measurements, and sophisticated
procedures for calculating lean body mass were
used in the assessment of nutritional status in both
the normal and abnormal individuals (1). Anthro-
pomorphic measurements are subjective and exa-
miner-dependent, making consistency and repro-
duction difficult (2). There are pathological chan-
ges in muscle thickness and subcutaneous tissue
thickness in neuromuscular disease in children. In
muscular dystrophy, the muscle thickness is proved
to be normal or increased whereas in spinal muscu-
lar atrophy it is reduced with an associated increase
in subcutaneous tissue thickness but not due to obe-
sity (3, 5). Therefore both in diagnosis and in diffe-

es have to be compared with the standard values of
the individual population.

The present study reports the different values
{or quadriceps muscle thickness in the Turkish po-
pulation and consequently shows that we have to
use our own values while studying children with ne-
uromuscular diseases.

MATERIALS AND METHODS

A total of 500 children who had no neurological
disorders were included in this study. They were
evaluated for quadriceps femoris muscle thickness
and subcutaneous tissue thickness in our institution
between 1991-1994. All the sonographic examina-
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tions were performed with a 7.5 MHz lincar-array
real-time transducer (General Electric RT 3600,
Milwaukee and Hitachi EUB-515A. Japan). Iima-
ges were displayed at a field-of-view setting of 60
mm at 2X magnification.

The thickness of the quadriceps femoris muscle
and subcutancous tissue were measured at the mid-
thigh. a point halfway between the top of the grcater
trocanter and the joint line of the knee. Measure-
ments were performed while the child seated, the
knee extended, and the muscle relaxed. It is impor-
tant that the child be relaxed, because the muscle
thickness becomes significantly larger with the
contraction ol the quadriceps femoris muscle. We
applicd the transducer to the thigh with as minimal
pressure as possible. If' pressure is applied, the
thickness of the muscle is measured as decreased.
This could be minimized by using a large amount of
transmission gel and by observation of the skin out-
line in the ultrasound image. which would show any
distortion. I we apply minimal pressure. the skin
ccho is displayed as an undistortled semicircle at the
top ol the image (Fig 1), but if we press harder, the
skin echo is flattened and the distance between the
skin and the bone is significantly reduced (Fig 2). It
is also important to avoid scanning the thigh obliqu-
cly, as the distance between the skin and the bone
seems 1o be increased. In order to avoid this, the
transducer must be applicd perpendicular to the
long axis of the thigh and the angle of the transducer
must be altered until the best bone ccho is received.

Mecasurements were analysed for statistical sig-

Fg = T T rnsverse real-tinie sonograin ot tie thigh wath hght
pressure. There is no evident distortion and skin echo has dome-
shaped appearance.
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Fig - 2 : Transverse sonogram of the same thigh with firoer pres-
sure shows distortion with flattening of the skin ccho. The distan-
ce between the skin and the bone is significantly reduced

nificance using paired t-test and signilicance was
defined as p values less than 0.01.

RESULTS

The normal mean values for quadriceps femoris
muscle and subcutancous tissue thickness. accor-
ding to age and sex were calculated (Table 1), The
muscle thickness was found 1o be increased with
age and the greatest increases were in the first threc
years of life and the ages between 10-12, No signili-
cant difference was found in the muscle thickness
between girls and boys at any age. However there
was a significant difference according to sex in nor-
mal mean values for subcutaneous tissue thickness.
This was markedly greater in girls than in bovs in all
age groups (p<0.01) (Table 2).

s

DISCUSSION

Although some authors have contended that cli-
nical assessment of nutritional status is sulTiciently
accurate, numerous biochemical and anthropo-
morphic (echniqués are currently in use. Among the
morphometric tests. perhaps the most common are
measurement of mid-upper-arm circumference and
mid-tight circumierence (1).

The thickness of muscle and subcutancous tis-
sue wire measured by plain X-rays in the past. ho-
wever because of the irradiation problem it has be-
come very limited in recent years (6). Measurement
of thigh muscle thickness with real-time ultrasound
imaging can be performed rapidly and non-invasi-
vely (2. 3). The current study established the case



Female Male
Age n mean (SD) n mean (SD)
vI's mm mm
U-1 20 12.32.1) 20 125(2.2)
1-2 21 3.0(2.3) 20 14.9(2.5)
2-3 21 15.7(2.2) 21 16.2(2.3)
3.4 21 18.02.7) 21 16.7 (2.0)
4-5 21 18.0(2.8) 21 17.7(2.3)
5-0 21 18.5(2.7) 21 19.2 (3.3)
6-7 21 18.5 (3.1) 21 194 (3.1)
7-8 21 18.7(3.2) 21 19.7 (3.5)
8-9 21 19.9 (3.2) 21 19.7 (3.4)
9-10 2] 232 (+.0) 21 237D
10-11 21 24.0 (4.2) 21 24.5(5.0)
102 21 25.2(4.5) 21 25.5 (4.8)
Tuble 1 : Normal values ol muscle thichness in children.
FFemale Male

Age n nican {SD) n mean (SD)
yrs nim mm
0-1 20 3.5 20 3.1
-2 21 3.7 20 33
2.3 21 39 21 3.4
3 21 4.2 21 3.7
4-5 21 4.3 21 3.7
5-6 21 4.3 21 3.8
6-7 21 4.4 21 3.8
7-8 21 4.5 21 3.9
8-9 21 5.0 21 4.0

9- 10 21 0.8 21 4.1
10-11 21 7.0 21 6.0
11-02 21 8.5 21 6.5

Table 2 Normal values of subcutancous tissue thichness in children.

and reproducibility of real-time B-mod sonograp-
hic depiction of Tat and muscle in the mid-thigh re-
gion. There are two methods in determination of
muscle growth; measurement of muscle cross sec-
tonal wrea and measurement of muscle thickness
(2, 3). We preferred the second method, because the
increased muscle echogenity. as in spinal muscular
atrophy, makes it difficult to determine muscle con-
tours exactly and correctly to measure cross sectio-
nal arca. Furthermore. measurement ol the muscle
thickness is much more casier in routine clinical
application.

Muscle is a soft and casily deformable tissue.
and we found considerable care had o be taken with
(he measurements to achieve acceptable reproduci-
bility. The biggest source ol error was that of tissue
compression by the hand-held transducer, and ob-
servation of the skin outline on the image was of cri-

tical importance. It was found to be important to get
child fully relaxed, because apparent muscle thick-
ness increase with contraction of the quadriceps (3).

The normal values of quadriceps femoris musc-
le thickness are essential for evaluating muscle at-
rophy and hypertrophy in ncuromuscular discasc.
When we compared our population’s normal valucs
with the results of a study from England (3). we lo-
und a signilicant difference among these two gro-
ups. The muscle thickness values of England were
signilicantly greater than our values in all age gro-
ups. Therefore, the measurements derived [tom our
own socicty become more important while evalua-
ting neuromuscular disorders in children.

In conclusion, real-time B-mod ultrasonog-
raphy, a rapid and noninvasive screening modality.
is a successful method for evaluating the muscle
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thickness and subcutancous tissue thickness. It will
be helplul in determination of the muscle growth
and also in diagnosis of neuromuscular diseases.
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