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SUMMARY: Anthropometric methods used to estimate muscle mass (MM) do not specify values for body segments, a critical
fact for individuals practicing physical activities or clinical diagnosis. In this study, 60 recreational athletes are rasthcaly
evaluated and also undergo dual energy X-ray absorptiometry. Linear regression statistics is subsequently used to estedéisisthe
allowing the obtaining of the segment MM. Three equations were obtained, one for the upper members: MMUL = (0.533*FAP) -
(0.176*RAP) + (0.42*WP) + (0.282*SRL) - 19,985; a second equation for muscle mass of the lower members: MMLL = (0.186*H) -
(0.158*LTTL) - (0.024*LTL) + (0451*LP) — 24.535; and the third one for the muscle mass of the trunk TrMM = (0.026*W) + (0.046*H
+ (0.154*TTD) + (0.025*NP) — (0.025*AP) — 5.839. These equations enable getting detailed information on the MM distribution
through an easy-to-access and fast technique, such as the anthropometry, from a Gold Standard Method like DEXA.
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INTRODUCTION

Evaluation through the DEXA method results to be 2009) with a low variation coefficient (between 1% and 4%)
very precise and valid form for estimating the fat mass amalthe different components of the individuals and a minimal
the fat-free mass. X-ray exposure, thus making it a non-invasive technique

(van der Ploegt al, 2003; Estoet al.,2005), consequently

The method shows such accuracy that it has alreablgcoming the reference method par excellence (Visser
started to replace health indexes, such as the Body Masés2003) and one of the most accurate for the estimation of
Index, by the fat index as a better indicator (Vasconalosmuscle mass (Fredst al, 2009), which is even borne out
al., 2010), as it also shows adiposity in each body area, whiel the European Society for Clinical Nutrition and
is different for each individual. This difference may indicatéetabolism as a reference method for the evaluation of body
the mortality risk associated to a high adiposity (Auyeungomposition.
et al.,2009).

Muscle mass measured through DEXA is also used

The DEXA method accuracy allows assessing tHer the diagnosis of the presence of Sarcopenia with a section
body composition for different individuals (Rodriguszal,  of <6.32 kg/m of muscle mass. Under this value, it causes
2010), sedentary, athletes of all disciplines and ages amderies of metabolic and hormonal disorders (Baumgartner
chronically sick people. et al, 1998; Meltoret al, 2000; Szulet al, 2004).

Fat-free mass given by the DEXA method permits However, this is a hard-to-reach method in Chile, as
estimating the body mass and the bone mineral contétits exclusively used in the clinical field for the diagnosis of
(Williams et al., 2006; Eisenmanet al, 2004; Flegaét al, diseases, such as osteoporosis and osteopenia, and includes
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a significant amount of equipment and volume that maldetermine the fat-free bone mass and the fat with the Lunar
transportation difficult. Furthermore, itinvolves a high cosbPX-MD model from Lunar Radiation Corporation,
for those population studies including many individualsMadison, WI, USA.
The latter gives the anthropometric technique a high strength,
which is fast, easy to transport and significantly cheaperand  The individuals were located in a dorsal decubitus
with a reduced evaluation period. position, with their arms located at one side of the body and
the lower limbs extended, at rest and semi-separated.
The anthropometric technique becomes even more
significant when estimating the segment muscle mass The evaluation is done with a scanning of the whole
through a Gold Standard method, as shown in this studybody following the instructions and protocols of the
manufacturer, where a mobile arm in a craniocaudal and
lateral direction where the X-ray source performing the body
SUBJECTS AND METHODS scanning, and the emerging radiation detector to cross the
tissues are located. The X-ray source emits a two-level
frequency: 76 KeV and 41.1149 KeV.
Sixty recreational athletes frequently exercising (6-
12 hr per week), with 24:64.1 average age were evaluated. Results of the body composition are obtained using
All athletes volunteered under informed consent antthe Antropogym software.
considering the Declaration of Helsinki, and agreed to the
study as a random and deliberate sample. The variable analysis and the linear regression
statistics application allowing the obtaining of the bone mass
Anthropometric Evaluation. The Gaucho Pro “Mercosur” estimating formulas are done using the SPSS software in
kit was used for the anthropometric method, which iSpanish, version N17.
manufactured in Argentina under the license of Rosscraft
Canada for its marketing in the American Continent (except The statistic significance level of the data differences
US, Canada and Mexico). The anthropometric kit includemnd correlations is accepted with a p lower than 0.05 with
the following instruments: Campbell 20 (longthe previous program.
Anthropometer), Campbell 10 (short Anthropometer),
Segmometer, set square, Skinfold Caliber, metric tape for ~ The Lunar Spectacullar Imaging software is used for
perimeters, a stadiometer for height and a weight scale. both the DEXA evaluation and issuing of results, including
the evaluation equipment itself.
The anthropometric evaluation was done early in the
morning, with little clothing as possible and after a urinary The DEXA method determines the adipose mass
emptying and under the marking protocol of the Internation@\M), fat-free mass (FFM) and dry bone mass (DBM). The
Society for the Avancement of Kineatropometry (ISAK) andiatter only represents the bone mineral content, so an
evaluation protocols described by Drinkwater (1984) angktimation of the total bone mass (TBM) is required, dividing
Rosset al. (2002) for the complete variable protocol. the DBM by 0.55 or multiplying it by 1.82 (Heymsfiedd
al., 1990).
Data collection was provided by the assistant helping
the evaluator to record the data. This assistant was aware of Body limbs are made from muscle mass (MM), AM
the measurement techniques, thus promoting a fluent wakd bone mass (BM). Once this value is determined, the
that guaranteed the correct sequence of the measuring spgefVl value is subtracted and then the MM value of the limb
is obtained, i.e.:
The data collection or proforma sheet was designed
to improve the measurement speed, and is ordered from fftal Mass: AM + FFM, where FFM= BM + MM and MM=
upper to the lower anatomic position. FFM — DBM

Three different basic variables were measured: The muscle mass of the trunk area is obtained
weight, standing height and sitting height, 9 bone diameterslculating the total muscle mass from the total fat free mass,
14 perimeters, 8 skinfolds and 8 longitudes. using the equation:

DEXA Evaluation. A complete clinical evaluation of the Total Muscle Mass (TMM) = (1.19 — FFM) — 1.01
body through DEXA was carried out on the same day {&im et al., 2002).
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The muscle mass of the upper limb (MMUL) andl) MMUL = (0.533*FAP) - (0.176*RAP) + (0.42*WP) +
the muscle mass of the lower limb (MMLL) are subsequent{.282*SRL) - 19,985
added up, and the TMM is then subtracted following the
next equation; Where, FAP= Flexed Arm Perimeter; RAP= Relaxed
Arm Perimeter; WP= Wrist Perimeter; SRL= Styloid Radio
Trunk Muscle Mass (TrMM) = TMM — (MMUL + MMLL) Length.

The anthropometric predictor model is create@) MMLL =(0.186*H) - (0.158*LTTL) - (0.024*LTL) +
through the correlation of the muscle mass results of ea@#51*LP) — 24.535
area with the 42 measured anthropometric variables. After
the variables included in each area are clearly determined,a  Where, H= Height; TTL= Lateral Tibia Throcanter
“Principal Component Analysis” (PCA) is carried out inLength; LTL= Lateral Tibia Length; LP= Leg Perimeter.
order to reduce the dimensionality of the explicative varia-
bles. 3) TrMM = (0.026*W) + (0.046*H) + (0.154*TTD) +

(0.025*NP) — (0.025*AP) — 5.839

Finally, the anthropometric variables shown in table

| are obtained, which will be used as variables for each Where, W= Weight; H= Height; TD= Transverse

estimating equation. Thorax Diameter; NP= Neck Perimeter; AP= Abdominal
Perimeter
RESULTS Considering the results presented in all three

scenarios, i.e. nearly 25% of the predictive variables of each
case was enough to explain the behavior of the dependent
Estimation of the MM per segment.Variables with high variables, and also taking into account the use of a dimen-
correlation with the MM result obtained by DEXA in eachsional reduction analysis (DRA) as those variables with good
segment are chosen for the estimation of the MMUL, MMLIcorrelations did not show the best results with DEXA, the
and TrMM. multiple regression analysis was carried out, which involved
all measured variables.
The following constants are obtained using the li-
near regression equations for each variable (Table II). The predictive variables showed a linear relation with
the independent variables in all three scenarios, or in another
Therefore, it is plausible to develop equations twords, there is Multi-colinearity of the predictive variables
estimate the MMUL, MMLL and TMM that result in the (a variable is explained or depends on one of more of the
following: remaining variables).

Table I. Correlated variables used for the development of the regression equations to estimate the
segment components.

VARIABLES R R’

Relaxed arm peri meter 0.6 04

UPPERLIMB Flexed arm peri meter 0.7 0.t
Wrist perimeter 0.4 0.z

Radio-styloid length 05 0.2

Height 0.7 0.

LOWER LIMB Thochanter end tibia length 05 0.z
Lateral tibialength 0.2 0.1

Leg perimeter 0.7 0.

Weight 0.7 0.

Height 0.8 0.€

TRUNK Transversethorax diameter 0.8 0.€
Neck peri meter 0.4 0.z

Abdominal perimeer 0.4 0.1
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Table II. Coefficients for the development of the estimating equations for each segment.

non-stand Coeff. Stand. Cod.
Stand.

M odel B Error Beta t Sg.

(Constant) -19,985 1,526 -13,095 0
B Rel axed arm -0,176 0,079 -0432 -2235 0,029
E Flexed arm 0,533 0,084 1,212 6,352 0
= Wrist perimeter 0,42 0,079 0,287 5,32 0

Rardio-Syloid 0,282 0,044 0,348 6,384 0

(Congtant) -24,535 3,724 -6,588 0
B Height 0,186 0,033 0,678 5,604 0,029
§ Throchanter and tibia length -0,158 0,069 -0,261 -2,291 0,026
~ Lateral tibia length -0,024 0,027 -0,069 -0.896 0,374

L eg perimeter 0,451 0,07 0,524 6,463 0

(Constant) -5,839 1,689 -3457 0,001

Weight 0,026 0,012 0,282 2,222 0,03
2 Height 0,046 0,01 0,428 4,793 0
E Thorax diameter 0,154 0,044 0,347 3,507 0,001

Neck perimeter 0,025 0,027 0,087 0,955 0,344

Abdomina perimeter -0,025 0,015 -0,176 -1,656 0,104

(non-stand. Coeff. = non-standard Coefficient; Stand. Coeff. = Standard Coefficient; B = Constant to be used for eacBtaadable;
Error = Standard Error; Beta= Beta value; t = t value; Sig.= statistical significance).

DISCUSSION the lower extremities represents more than half of the total
muscle mass, so sports promoting the development this
muscles, such as running, soccer or cycling (Kneehté,

The estimated muscle mass for the designezD07) may result advantageous and more efficient to prevent
regression formulas promote the specific knowledge of tlsarcopenia compared to other sports that involve a higher
muscle component and allow comparing the differencesuscle mass development of the upper limbs or trunk, like
between rugby and soccer players, for example, whes@imming or rowing, for example (Andreeit al, 2001).
significant differences in the muscle mass of the upper limb
may be found, assuming the rugby player needs better muscle ~ When the results of the three equations designed for
development in his arms and forearm than an average soceacth segment are sum up, a value r=0.9 is shown for the
player (Barrazat al, 2009) or compared to other collectiveDEXA method considering the following equation:
sports, such as basketball, volleyball or handball (Bagtios

al., 2006; Carvajakt al., 2009; Gholami & Rad, 2010, Total Muscle Mass = MMUL + MMLL + TrMM
Papadopoulou & Papadopoulou, 2010), individual sports
(Sanchez-Mufioet al, 2006; Kong & Heer, 2008; Knechtle The adequate correlations resulting through the

et al, 2010a; Knechtlet al.,2010b; Bejan, 2010; Borgard, equations developed in this study suggest the values
2010) or between collective and individual sports. Thesstimated involve a low error in the estimation of each
formulas also allow establishing differences in the athlesegment, being 0.38 kg for the MMUL, 1.07 kg for the
himself, in different temporal moments, trained or untrained/MLL and 0.37 kg for the TrMM, although when the error
injured or under normal performance conditions, etc. percentages for each segment are observed, they seem to be
higher (Fig. 1; Table IlI).

Such information results significant for advanced
adults, where the high muscle mass plays an important role  Table 1ll shows the good correlations found in this
(Wannametheeet al.,, 2007; Szulcet al., 2010), group, which show a great response to the muscle mass
acknowledging some physical activities develop a distinetstimation through appendicular and trunk segments,
muscle mass distribution. In this group the muscle masstudwever they are not perfect.
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The intended selection of the study group compliedomparison and correlation with this group of individuals
with certain homogeneous characteristics such as health stateler study.
and physical activity levels. Although with an age range
between 19 and 34 years old which may influence the results ~ Therefore, unlike other studies involving inactive and
according to expertise and number of years dedicateddlaer individuals these formulas permit a more precise
physical activity which favors an increase of muscle massstimation of athlete’s muscle mass without overestimating
therefore returning to the heterogeneous sample with respiscas occurs in other equations.
to muscle mass quantity, considering the 19-year old indivi-
dual has less muscle development than an individual with However, the need for future studies which include a
vast physical activity. vast age range of subjects is clear, as is the need to obtain
precise equations for each age group with different
One of the strengths of this age group is that a¢haracteristics, including type of sport, such as long distance
represents the age of most active athletes (Mcintyre & Haillinners, sprinters or force athletes and also the different
2005; Duthieet al.,2006; Almagizet al.,2009; Rosset levels of physical activities in recreational, amateur and
al., 2010; Gholamiet al,2010), allowing a better professional athletes.
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Fig. 1. Muscle mass (kg) of the individuals obtained through DEXA and estimated by the suggested anthropometric
model (R = 0.9).

Table Ill. Equation correlations and standard errors for the upper (MMUL) and lower extremities
(MMLL) and trunk (TrMM) compared to the DEXA method.

M odel R R2 Standard Error (kg) Error %
MMUL 0.93 0.87 0.38 6%
MMLL 0.85 0.72 1.07 6%
TMM 0.89 0.79 0.37 5%
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RODRIGUEZ, R. F. J.; ALMAGIA, F. A. A. & BERRAL, D. L. R. F.J. Ecuacion de regresion de la absorciometria de energia dual
de Rayos X (DEXA) para la estimacion de segmento de masa muscular. Int. J. Morphol.,

RESUMEN: Métodos antropométricos eran usados para estimar la masa muscular (MM) no especificando valores para segmen-
tos de cuerpo, un hecho critico para individuos que practican actividades fisicas o el diagnostico clinico. En este atiaid®, 60
recreacionales son evaluados antropometricalmente y por absorciometria de energia dual de Rayos X. La estadisticdideakgresion
posteriormente es usada para establecer el constante el permiso de la obtencién del mm de segmento. Tres ecuaciomigdasieron obte
un para los miembros superiores: MMUL = (0.533*FAP) - (0.176*RAP) + (0.42*WP) + (0.282*SRL) - 19,985; una segunda ecuacion
para la masa muscular de los miembros superiores: MMLL = (0.186*H) - (0.158*LTTL) - (0.024*LTL) + (0451*LP) — 24.535; y una
tercera para la masa muscular del tronco: TrMM = (0.026*W) + (0.046*H) + (0.154*TTD) + (0.025*NP) — (0.025*AP) — 5.839. Estas
ecuaciones permiten la adquisicion de la informacion detallada sobre la distribucién de MM por una técnica de accepaltjcil y ra
como la antropometria, de un Método de Gold Estandar como DEXA.

PALABRAS CLAVE: Antropometria; Masa muscular; DEXA.
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