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ABSTRACT

Introduction: Strength training is able to stimulate bone tissue metabolism by increasing mechanical
stress on the skeletal system. However, the direct relationship is not yet well established among younger
women, since it is necessary to describe which strength enhancement level is able to produce effective
changes in bone integrity. Objectives: This study analyzed the influence of muscle strength on bone
mineral content (BMC) and bone mineral density (BMD) among female college students. Methods: Fifteen
women (24.9 + 7.2 years) were assessed for regional and whole-body composition by dual-energy X-ray
absorptiometry (DXA). The one-repetition maximum (1-RM) tests were assessed on flat bench press (BP),
lat pulldown (LPD), leg curl (LC), knee extension (KE), and 45 degree leg press (45LP). Linear regression
analyzed the relationships of BMC/BMD with regional composition and 1-RM test values. Measures of
dispersion and error (RZadj and SEE) were tested, defining a p-value of 0.05. Results: The mean value of
whole-body BMC was 1925.6 + 240.4 g and the BMD was 1.03 + 0.07 g/cm?. Lean mass (LM) was related
to BMC (RzadJ: 0.86, p<0.01, and SEE = 35.6 g) and BMD (RzadJ: 0.46, p<0.01, SEE = 0.13 g) in the lower
limbs (LL). The 1-RM tests in BP were associated with BMC and BMD (RZadJ =0.52,p<0.01,SEE=21.4g,and
R%,4= 0.68, p<0.01, SEE = 0.05 g/cm?, respectively) in the upper limbs, while the 1-RM tests in KE were
related to BMC and BMD (RZadj =056, p<0.01. SEE = 62.6 g, and R?,4;= 0.58, p<0.01, SEE = 0.11 g/cm’,
respectively) in the lower limbs. Conclusions: Hence, the 1-RM tests for multi-joint exercises are relevant
to the regional BMC/BMD, reinforcing the need to include resistance exercises in training routines with
the purpose of improving muscular strength and regional lean mass, thereby ensuring a healthy bone
mineral mass. Level of Evidence Il; Development of diagnostic criteria in consecutive patients (with applied
reference “gold” standard).

Keywords: Body composition; Muscle strength; Absorptiometry, photon; Bone density; Young adult.

RESUMO

Introdugéo: O treinamento de forca é capaz de estimular o metabolismo do tecido 6sseo, aumentando o
estresse mecdnico sobre o sistema esquelético. No entanto, a relacéo direta ainda ndo estd bem estabelecida
entre as mulheres mais jovens, uma vez que deve ser descrito qual nivel de aprimoramento da forca é capaz de
induzir mudancas efetivas na integridade 6ssea. Objetivos: Este estudo analisou a influéncia da forca muscular
sobre o contetdo mineral ésseo (BMC) e a densidade mineral éssea (BMD) entre estudantes universitdrias.
Métodos: Quinze mulheres (24,9+7,2 anos) foram avaliadas quanto a composicéo regional e corporal através
de absorciometria com raios-X de dupla energia (DEXA). Os testes de repeticdo mdxima (1RM) foram avalia-
dos no supino reto (SR), puxada alta (PA), flexdo do joelho (F)), extensdo do joelho (EJ) e leg press 45° (LP45).
A regressdo linear analisou as relagées de BMC/BMD com a composicéo regional e valores dos testes 1RM. As
medidas de disperséo e erro (Rzaj e SEE) foram testadas definindo p <0,05. Resultados: O valor médio do BMC
corporal foi de 1925,6 + 240,4 g e BMD de 1,03 + 0,07 g/cm?’. A massa magra (MM) foi relacionada ao BMC
(R°,=0,86, p<0,01 e SEE=35,6 g) e a BMD (R’ ,;=0,46, p<0,01, SEE = 0,13 g/cm?) nos membros inferiores (MI).
Os testes 1RM no SR associaram-se com o BMC e a BMD (R{,/:O,SZ, p<0,01, SEE=21,4 g, e Rza/:0,68, p<0,01,
SEE=0,05 g/cm?, respectivamente) nos membros superiores, assim como os testes 1RM na EJ relacionaram-se
ao BMC e a BMD (R*,;=0,56, p<0,01, SEE=62,6 g, e R?;=0,58, p<0,01, SEE=0,11 g/cm’, respectivamente) nos
MI. Conclusées: Dessa forma, os testes 1RM para exercicios multiarticulares sdo relevantes para o BMC/BMD
regional, intensificando a necessidade de incluir exercicios resistivos nas rotinas de treinamento com o propd-
sito de melhorar a forca muscular e a massa magra regional e, portanto, assegurar uma massa mineral éssea
sauddvel. Nivel de Evidéncia ll; Desenvolvimento de critérios diagndsticos em pacientes consecutivos (com
padréo de referéncia “ouro” aplicado).

Descritores: Composicdo corporal; Forca muscular; Absorciometria de féton; Densidade 6ssea; Adultos jovens.
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RESUMEN

Introduccidn: El entrenamiento de fuerza es capaz de estimular el metabolismo del tejido éseo, aumentando
el estrés mecdnico sobre el sistema esquelético. Sin embargo, la relacidn directa ain no estd bien establecida
entre las mujeres mds jovenes, dado que debe ser descrito qué nivel de mejora de la fuerza es capaz de inducir
cambios efectivos en la integridad 6sea. Objetivos: Este estudio analizd la influencia de la fuerza muscular sobre el
contenido mineral 6seo (BMC) y la densidad mineral 6sea (BMD) entre estudiantes universitarias. Métodos: Quince
mujeres (24,9+7,2 anos) fueron evaluadas cuanto a la composicién regional y corporal a través de absorciometria
con rayos-X de doble energia (DEXA). Los tests de repeticion mdxima (1RM) fueron evaluados en el supino recto
(SR), dominada alta (DA), flexién de la rodilla (FR), extension de la rodilla (ER) y leg press 45° (LP45). La regresidn
lineal analizé las relaciones de BMC/BMD con la composicién regional y valores de los tests 1RM. Las medidas de
dispersién y error (R?,; y SEE) fueron probadas definiendo p <0,05. Resultados: El valor promedio del BMC corporal
fue de 1925,6 + 240,4 g y BMD de 1,03 + 0,07 g/cm?. La masa magra (MM) fue relacionada al BMC (Rzgj:0,86,
p<0,01ySEE=35,6)y alaBMD (R?,=0,46,p<0,01, SEE = 0,13 g/cm?) en los miembros inferiores (M). Los tests 1RM
en el SR se asociaron con el BMCy a la BMD (R’,=0,52, p<0,01, SEE=21,4 g, y R?,=0,68, p<0,01, SEE=0,05 g/cm?’,
respectivamente) en los miembros superiores, asi como los testes 1RM en la ER se relacionaron al BMC y a la BMD
(Rzaj:0,56, p<0,01, SEF=62,6 g, y RZGJ:O,S& p<0,01, SEE=0,11 g/cm?, respectivamente) en los MI. Conclusiones: De
esa forma, los tests TRM para ejercicios multiarticulares son relevantes para el BMC/BMD regional, intensificando
la necesidad de incluir ejercicios resistivos en las rutinas de entrenamiento con el propdsito de mejorar la fuerza
musculary la masa magra regional y, por lo tanto, asegurar una masa mineral 6sea saludable. Nivel de Evidencia
II; Desarrollo de criterios diagnésticos en pacientes consecutivos (con estdndar de referencia “oro” aplicado).

Descriptores: Composicidn corporal; Fuerza muscular; Absorciometria de fotén,; Densidad dsea; Adulto joven.
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INTRODUCTION

Osteoporosis is a public health problem that affects millions
of people around the world." It is estimated that the number of
osteoporotic fractures doubles in the next 50 years, influencing the
increase in morbidity and mortality of the population. The main way
to reduce the osteoporosis risk is prevention. The physical activity
level, diet, lifestyle and genetic factors interfere with bone mineral
density and content (BMD and BMC) and, consequently, the propen-
sity to disease. Thus, it can be established that the practice of regular
physical activity when initiated during childhood and adolescence
would be a prevention strategy against the reduction of BMD and
BMC and, thus, retarding skeletal aging.??

It has been observed that BMD reduction is positively associated
with age, evidencing rates of 0.6%, 1.1% and 2.1% of loss, respectively,
for the age groups between 60-69, 70-79 and > 80 years.* These changes
often culminate with osteoporosis, but tend to be minimized by regular
physical activity and maintenance of body fat and lean mass.*® When
analyzing the association between aging, decline in physical activity
and reductions BMC and lean mass (LM), Proctor et al.” observed that
between 20 and 80 years of age there is a tendency of reduction in
physical activity between 34-38% for women and men, while reduction
in LM (18-17%) and BMC (16-30%). These same authors also showed high
and significant correlations between LM and BMC for males (r = 0.77)
and females (r = 0.74). Lee et al.® study corroborated this association,
concluding that LM s a significant and independent determinant of total
and regional bone mineral mass, presenting low coefficients (R? <0.5) but
significant (p <0.01). For associations between appendicular mass (Kg)
and total, pelvic and forearm BMD. These associations between body
composition and bone mineral mass were also observed by Makovey
et al® in populations of both sexes in different age groups. According
to the results of these authors, both LM and fat mass (FM) positively in-
fluence BMC, with explanatory power of 52% for the variances between
LM and BMC and of 20% between FM and BMC. The explanations for
these associations are the integrity of the neuromuscular system as a
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mechanical regulating factor of osteogenic activity, and the influence
of fat on estrogen secretion as a humoral factor in the regulation of
osteoblast activity.5®

Inturn, strength training presents well-known prescriptions in BMD
regulation, and it is recommended to perform exercises with high loads,
including 2-3 sets per exercise performed 3 times per week in a 4-6
month planning.”"" Long-term training protocols (> 12 months), with
load intensity between 50-80% of a maximal repetition (1RM) involving
upper limbs (UL) and lower limbs (LL) increased BMD by up to 3.8% or
prevented significant reductions (~ 2.5%) when compared to the con-
trol group.”'? Collectively, the results suggest that protocols including
prescriptions of high load intensity (12 to 15 RMs or 70-80% 1RM).

The relationship between muscle strength and BMC and BMD is
assumed by the influence of mechanical stress on the metabolism of
bone tissue, however, it is assumed that among young individuals with
intact bone health, the increased strength does not play a decisive role
in distinguishing more or less healthy skeletal structures. However,
once the relationship between strength and lean mass (regional and/
or whole-body) is assumed, a possible relationship between strength
and BMC or BMD can also be assumed, assuming that the relationship
between whole-body lean mass and BMC or BMD is well established.
The aim of the present study was to analyze the influence of muscle
strength aptitude on bone health parameters (BMD and BMC) among
university students in search of relationships that establish a regional
or whole-body causal effect that can be mutually indexed the healthy
state, or propensity for future risks.

MATERIALS AND METHODS

The sample consisted of 15 women, with the following characteris-
tics: 24.9 + 7.2 years of age, 162.4 £ 5.0 cm in height and 59.1 + 6.2 kg of
body weight. This research was submitted to the Local Ethics Committee
of the University (CAEE: 70076317.1.0000.5398). The procedures were
explained to the participants and they signed the Informed Consent
Form (ICF) that authorized their participation in the process.
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The DXA method (Hologic model, QDR Discovery Wi ) was used to
obtain the regional and whole-body composition. The body composition
software (Hologic APEX ) presented values of fat mass (FM) and fat-free mass
(lean mass and bone mineral), in grams, for upper and lower limbs on both
body sides, which together provided the references of regional composition
(fat mass, fat-free mass and total mass) of upper and lower limbs, trunk and
whole-body. The equipment was calibrated following the manufacturer’s
recommendations and all analyses were performed by an experienced
technician. Participants presented for evaluation with light clothing, without
shoes and any metallic object attached to the body and clothes; and were
instructed to remain in the supine position on the flat table until the end of
the checking. Their feet remained close together and their arms were placed
parallel to the trunk. The lines were adjusted by the same technician through
specific anatomical points determined by the manufacturer.

1RM tests were performed on the following devices: (a) horizontal
bench press (BP), (b) lat-pull down (LPD), (c) knee extension (KE), (d)
leg-curl (LC), and (e) leg press 45° (LP45). All tests were performed after a
15-minute warm-up (static stretching, cycling or running at low intensity).
The 1RM test protocol followed the recommendations of Mayhew et al.”
and Baechle and Earle: (1) A specific warm-up precedes the test, with
repetitions performed at light intensity load avoiding concentric failure;
(2) Initial loads were established based on mean maximum strength
rates of lower and upper limbs, according to age, sex and weight; (3)
the participants performed at least three attempts with 3 min resting
between each, increasing or decreasing the initial lifted load from 1.1
to 4.5 kg, according to level difficulty of the first attempt. The highest
weight successfully raised once represented the 1RM reference value.
The value of the load was shown in kilograms (kg). The TRM test was
performed three times for the analysis of reliability. For each second
and third repetition, the value of 1RM obtained from first repetition
was fractioned into five percentages (90, 95, 100, 105 and 110%) and
performed in a random manner with 3 minutes of rest between each
following attempt to found maximal load able to be lift once. Participants
were also instructed to perform the movements with the appropriate
technique, following the recommendations of the NSCA.'4

Estatistical analysis

Variables were evaluated around the mean + standard deviation and
minimum and maximum values. Normality was verified by the Shapiro
Wilk test. Linear regression, using the Stepwise method, modeled the
relationship between the observed BMD and BMC values (as dependent
factors) with the anthropometric variables, regional and whole-body
composition, and upper (BP, LPD) and lower limb strength (KE, LC, LP45)
(asindependent factors). Dispersion and variability measurements were
tested by the coefficient of variance adjusted to the sample (R%,4) be-
tween dependent and independent variables. All statistical procedures
were performed in SPSS 19 (Statistical Package for Social Sciences, Inc,
USA), with a level of significance of p<0.05.

The sample power for the associations between dependent and
independent variables was determined considering the sample size
(Women = 15). The entry parameters were: (a) the coefficient r’, from
the analysis of variance (R?), (b) Zo. = 1.96 for an index of o = 0.05,
and safety (c) Z,.5 = 1.282 for a sample with a minimum power of 80%
(B=0.20), according to Diaz and Fernandez:'

14r

Z,p=Vn—3:Ln(12) = Z;a),

1-r

In addition to the sampling power, magnitude-based inference
analysis was applied to test the chances of the true magnitude of an
effect to be substantially positive and negative, and negligible or trivial
(with a probability of 66 to ensure a decisively useful effect: benefits >25%
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and <0.5% chance of losses). The odds were assessed qualitatively, from
borderline values according to the scale: <1% = most unlikely; 1% - 5%
= very unlikely; 5% - 25% = unlikely; 25% - 75% = possibly; 75% - 95% =
likely; 959% - 99.5% = very likely; and> 100% = most likely. This procedure
ensures that the sampling distribution of z=1[0.5 X In x (1 + 1) / (1-1))]
will tend approximately to normality with variance 1/ (n-3).'®

RESULTS

The observed values of BMC and BMD for regional and whole-body
are presented in Table 1. These values produced corporal scales (=-0.98),
which classify BMD as normal, that is, in the reference range for young
adults of both genders (T= -1 standard deviation). The percentage of
whole-body FM was 32.7 + 6.6%, classifying body adiposity as over-
weight. Table 2 presents the values for the Pearson coefficients observed
between regional and whole-body lean mass with BMC and BMD. Only
whole-body lean mass (37.52 + 2.71 kg) was found to be associated
with all BMC and BMD values (except for whole-body and upper limb
BMD). The other values of lean mass were: 3.60 + 0.52 kg (UL), 17.94 +
1.2 kg (T), and 12.90 + 1.27 kg (LL). These values were correlated with
BMC values (except for the lumbar vertebrae), but only BMD of the lower
limbs is related to lean mass values.

The potential for determination between lean mass parameters and
BMC and BMD values is shown in Figure 1. Itis noted that whole-body lean

Table 1. Mean values+SD for BMC and BMD regional and body of the
participants. N=15.

Mean £ SD Range

Trunk 502.5+874 3152-6198¢

Upper limb 2392 431.1 1894 -2952 g

Lower limb 663.7+94.3 5013-7953¢g

BMC (g) Thoracic V. 959 +17.2 573-1135¢

Lumbar V. 5214128 26.2-69.5¢

Pelvis 1981 £ 515 1136-27809
Whole-body 1925.6 £2404 13596 - 22484 g
Trunk 42+038 334-475 g/cm?
Upper limb 1.32+0.97 1.15- 153 g/cm?
Lower limb 2.05+0.17 1.7 - 2.38 g/cm?
BMD (g/cm?) Thoracic V. 0.78 £ 0.08 0.56 - 0.87 g/cm?
Lumbar V. 1.10+0.13 0.82-1.25 g/cm?
Pelvis 1.10£0.10 091 -1.29 g/cm?
Whole-body 1.03+0.07 0.85-1.17 g/cm?

Table 2. Pearson’s coefficients between regional and body mass values and
BMC / BMD for body and body segments. N=15.

Lean Mass (g)
Whole-body | Trunk | Upper Limb | Lower Limb
Whole-body 0.757** ns 0.630% 0.639%
Thoracic V. 0.779** 0.532% 0.762** 0.757%*
Lumbar V. 0.547* ns ns Ns
BMC (g) Pelvis 0.697* 0.572% 0.598* 0.606*
Trunk 0.757** 0.500 0.647** 0.642*
Upper Limb 0.554* ns 0.569* 0.530*
Lower Limb 0931%* 0.728** 0.878** 0.871**
Whole-body ns ns ns Ns
Thoracic V. 0.525% ns ns Ns
Lumbar V. 0.521% ns ns 0.541%
BMD (g/cm?) Pelvis 0.525*% ns ns Ns
Trunk 0.529* ns ns Ns
Upper Limb ns ns ns Ns
Lower Limb 0.528* 0.651** 0.667** 0.621*

Note: significant correlation at * p<0.05 and ** p<0.01.The abbreviation "ns"refers to a non-significant correlation
to the stipulated levels.
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mass presents greater potential than regional values in determining BMC
and BMD regional or whole-body. Whole-body lean mass determined
BMC of lower limbs (Figure 1, Panel A) with R2adJ (=0.87,p <0.01), SEE
(=35.6 grams) and sample power (= 99.9%), whose effect was considered
‘quite likely to be substantially positive”; and the association with BMD
of lower limbs (Figure 1, Panel B) presented RZadj (=0.52,p <0.01), SEE
(=0.13 grams/cm?) and sample power (= 77.0%), whose effect can also
be considered “quite likely to be substantially positive”

The strength values in the 1RM test for the bench press (29.6 + 5.5 kg),
lat-pull down (32.2 £+ 5.1 kg), leg-curl (42.3 + 10.4 kg), knee extension
(65.3 + 19.6 kg) and leg press 45° (187.6 + 57.5 kg) correlated with
regional BMC and BMD values for lower limbs (Table 3). Table 3 also
shows that strength values are related to BMC/BMD regional values of
the lower limbs, except for the force in the knee flexion exercises. This
is also the case when observing strength correlations with whole-body
BMC values. It should be noted that the force in the knee extension

A 1000+
=]
E P
- 8501 -
9 700
3 2
o 5504 R?=0.867
E 7 p = 0.000
4004 o SEE = 35.63 g
B a -
2 260 P
3 .
g 2.30-
B N e .
&—- 200'
E R2=0.522
8 1.701 ~n p =0.002
e SEE = 0.13 g/cm?
m 1.40-
30000 33750 37500 41250 45000
Lean Mass (g) Whole Body

Figure 1. Regression analysis between whole-body lean mass and BMC (Panel A) and
BMD (Panel B) indices for lower limbs. N=15.

Table 3. Pearson’s coefficient between muscle strength values and regional and
body BMC / BMD. N=15.

Strenght teste 1RM (kg)
Bench | Front |Flexion | Extension Leg
Press | Pulley | Knee Knee | Press 45°
Whole-body | 0.673** | 0.549* ns 0.697** 0.628**
Thoracic V. | 0.678* | 0.743**| 0.573* | 0.713** 0.852**
Lumbar V. Ns Ns ns Ns Ns
BMC (9) Pelvis Ns Ns 0.553* 0.584* Ns
Trunk 0519% | 0476 | 0.515% | 0.667** 0.636*
Upper Limb | 0.747** | 0.730** ns 0.637* 0.570*
Lower Limb | 0.526* |0.723** | 0.705** | 0.769** 0.714**
Whole-body | 0.655** Ns ns 0.583* ns
ThoracicV. | 0616* Ns ns 0.533* 0.573*
LumbarV. | 0628* Ns ns 0.603* 0.710%*
BMD (g/cm?) Pelvis Ns Ns 0.560* 0.609* ns
Trunk 0.588* Ns ns 0.620% 0.595%
Upper Limb | 0.840%* | 0.551* ns 0.654** 0.641%*
Lower Limb | 0.602* | 0.550* | 0.660** | 0.781** 0.669**

Note: significant correlation at * p<0.05 and ** p<0.01. The abbreviation “ns"refers to a non-significant correlation
to the stipulated levels.
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exercise correlates with all BMC/BMD regional and whole-body values,
except for the lumbar vertebrae. The bench press exercise also stands
out, presenting correlations with BMC/BMD regional and whole-body
values, with the exception of Pelvis.

Figure 2 illustrates the potential of the association between muscle
strength in upper and lower limb exercises and BMC/BMD. In upper
limbs, the bench press (exercises that reflect the maximum capacity
of force in the push action) was associated to the BMC (Panel A) with
R2adJ (=0.56, p <0.01), SEE (= 21.4 grams) and sample power (= 83.4%),
whose effect was considered “very likely to be substantially positive”
Indeed, the association between bench press and BMD (Panel B) also
is presented, with R2adj (=0.71,p < 0.07), SEE (= 0.05 grams/cm?) and
sample power (= 97.8%), showing effect “very likely to be substantially
positive”. For the lower limbs, the strength in the knee extension exercise
(exercise representative of the maximum capacity of the traction force
of the legs) was associated to both BMC (Panel C: R2adJ =059, p <007,
SEE = 62.6 grams and sample power = 88.2%) and BMD (Panel D: R?, =
0.63,p <001, SEE=0.11 grams/cm? and sample power = 92.8%), with
effect "very likely to be substantially positive”.

DISCUSSION

The results demonstrated that variations in BMC and BMD, among
young women, are associated with both upper and lower limb strength
and whole-body lean mass. These results are consistent with the fact
that lean mass and bone mineral variables are strongly related regardless
of gender and age, especially among women younger than 50 years5
However, the results showed that muscle strength also correlates with
BMC/BMD in similar magnitude order (or only slightly lower) to the
association that the lean body mass parameter presented with BMC/
BMD. This tendency of association between BMC/BMD strength has been
little evidenced, although muscle strength is consistently reported as
indicative of muscle mass and functional quality among people of any
gender and age* This means that the interaction between strength and
muscle mass ensures that it is inserted in contexts that stimulate the
osteogenic process, caused by the mechanical stress of the different
types of physical activities, mainly the exercise with weights, as well as
the lower propensity to accumulate fat 4781718

On the one hand, the whole-body lean mass presents well docu-
mented evidence of association with BMC/BMD,%” which in part can
be explained by the fact that BMC/BMD decline more sharply with the
advancement of the age among women when compared to men, and
is also accompanied by a decline inlean mass and level of physical acti-
vity. In the study by Proctor et al.,” this decline was quantified. For these
authors, BMC/BMD declines 30% between 20 and 80 years in women,
since the reduction of lean mass is 18% and physical activity is 34%
among women. That is, women do not tend to maintain stable the ratio
between lean mass and mineral mass in the fat-free mass composition,
when compared to men, whose trend had already been described by
Horber et al..”” However, it is noted that the mobility and vitality of men
are more susceptible to reductions of BMC/BMD and lean mass, although
smaller, when compared to the women in the maintenance of the levels
of physical activity. This evidence corroborated the findings of Horber
etal.” who observed a gender specificity in how body composition and
muscle metabolism change with age. These authors pointed out that the
loss of lean mass among women is associated with the accumulation of
fatin the upper limbs. This trend assists in understanding the impact of
upper limb lean mass reduction on physical fitness, but also suggests
the importance of regional analysis of morphological and functional
characteristics, since these may be tied to preferences for engaging in
specific exercises for a particular body region.”
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Figure 2. Regression analysis between exercise strength (1RM) for upper limbs (Panels A and B) and lower (Panels C and D) with regional and body indexes of BMC and BMD .N=15.

However, the regional body lean mass is still timidly investigated,'>'81°
perhaps due to the fact that the experimental designs involved specific
measures of BMD/BMC (hip and spine) and to approach elderly participants
with diagnosis of bone mineral integrity disorders (osteopenia and osteopo-
rosis).”'81° Thus, the present study confirms the expectation of the positive
association between body lean mass and BMC/BMD regional and whole-body,
adding the occurrence of a local tendency that makes the specific associa-
tion between variables of the same body location. Then, if some studies are
emphatic in assuming a dubious posture about which body composition
parameter (lean mass, fat mass or both) influences the integrity of the bone
mineral mass among women and with advancing age,® the results presented
in this study reinforce that whole-body lean mass tends to ratify the regional
composition as an independent factor of bone mineral integrity.

In the present study, the assessment of maximum strength in weight
exercises also presented as a tool with practical potential to indicate
variations in BMC/BMD, both regional and whole-body, among young
women. On the other hand, the information available in the literature
indicates that the force exerts greater influence on BMC/BMD than
regional lean mass (legs or arms) or whole-body mass.?® On the other
hand, there are also results contrary to this perspective, indicating that
the increase of muscle strength is not related to the increase of muscle
mass, nor is the muscular strength presentes potential to parameterize
the variations in BMC/BMD.?" In this way, the results of the present study
contribute to point out the muscle strength in exercises with weights
as a promising index of the lean mass and its functional capacity and,
in particular, its role in monitoring variations in bone mineral integrity.

As for muscle strength, it is worth mentioning the presented asso-
ciation by the force in bench press and knee extension (both exercises
that represent the involvement of the large muscle groups, respectively
of the upper and lower limbs),?? which were related to BMC/BMD of the
respective body regions (upper and lower limb). Despite modest predic-
tive potential, and no higher than presented by whole-body lean mass,
this association is due to the assumption that the bench press and knee
flexion are considered exercises that involving large muscle mass in the
execution,” and therefore have both local and global influence, since they
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also showed correlations with whole-body BMC/BMD. These results are
in accordance with presented data by Hughes et al.* on the absence of
association between muscle strength in single-joint exercises and bone
mineral density, which was related to whole-body lean mass. However,
the present results fully corroborate the observation of Lee et al® who
concluded on the importance of the muscle strength development reduce
the osteoporosis risk, after having verified the occurrence of a relationship
between whole-body lean mass and bone mass of the hip (region with the
highest levels of osteopenia). In our results, the regional pelvic BMC/BMD
(which included the pelvic girdle, neck and head femoral) also showed
significant associations with strength of the lower limb in single-joint
exercises (knee extension) for females. It should also be noted that these
relationships were presented with trunk BMC/BMD, which included other
sites equally important for the osteoprosis diagnosis, such as the thoracic
and lumbar vertebrae.”* However, these correlations were not higher than
those presented between whole-body lean mass with BMC of pelvis, but
curiously, only the whole-body lean mass associated with BMD of pelvis
among women. This way, the results of the present study allow to extend
the findings by Lee et al defining the strength in global and local exercises
asan equally important index to whole-body lean mass in the osteoprosis
prevention on the pelvic and trunk bone sites.

However, our results did not cover specific sites (hip and lower
spine) when assessing densitometry and establishing relationships of
the strenght with regional and whole-body composition. In addition,
the fat mass reassay for BMC/BMD was not considered, since among
women, regional and whole-body fat tend to exert a protective effect
on hip BMD, presumably because of its role in the regulation of estro-
gen secretion and effect of this humoral factor on the osteoblastos
activity.52>% However, among women, the upper body fat accumulation
occurs due to aging and sedentary lifestyle, especially after 50 years,
causing bone and skeletal muscle mass reduction.'®'>?78 These are
present study limitations of the because the analysis of specific sites
would make the potential of the results more elucidative in the clinical
field, whereas a possible correlation between BMC/BMD and fat mass
(regional or whole-body) could reduce the deterministic potential of
lean mass, which was observed in the present study for young women.
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CONCLUSION

In the present study, the results confirmed the whole-body lean
mass as an influential factor on bone mineral integrity; and suggested
that the muscle strength capacity is also a determinant of regional and
whole-body BMC/BMD. Thus, the muscular strength development is
repeatedly important for maintaining function of whole-body lean mass
in young people, and positively affecting bone mass, given either directly
orindirectly by its relation between regional and whole-body lean mass.
Itis recommended, therefore, that resistance exercise be part of the youth
training plan as a prophylactic measure and that the prescription plan
involves the regional lean mass of lower and upper limbs. In addition,

it is recommended that training aim at reducing body-fat accumulation
and ensuring functional independence, since the lean mass increase in
relative or absolute terms is a predictor of relevance extreme. By this bias,
future studies should explore whether the caloric cost of different training
routines (resistance, cardiorespiratory resistance and/or combinations
thereof) would be a more conclusive parameter to define the exercise
intensity that would be most effective in the morphological changes
of lean tissue. As well as, it is recommended that future studies explore
analyzes of specific body sites and of a high incidence of osteoporosis.
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