
Table 1. Mean values ± SD of demographic characteristic and of all parameters in the whole sample and in the sample subdivided according 
to gonadal status

Parameters Whole sample (n=194) Premenopausal (n=92) Postmenopausal (n=102) pa

Age (yrs)
Menopausal duration

49.8 ± 12.6 40.2 ± 9.2 58.5 ± 8.2
(10.8 ± 10.4)

<0.001

Height (cm) 159.9±6.8 161.3±5.7 158.6±7.49.9 <0.01

Weight (kg) 61.6±10 61±10.1 62.2±9.9 NS

BMIb (kg/m2) 24.1 ± 3.8 23.4 ± 3.9 24.7 ± 3.6 <0.01

MVCc (N) 205 ± 53.5 222 ± 49.3 190 ± 52.6 <0.001

R-BMDd (g/cm2) 0.663±61.9 0.690 ± 43.6 0.639 ± 65.9 <0.001

ADSoSe (m/s) 2066 ±92.1 2127 ± 60.6 2011 ± 80.2 <0.001

UBPIf 0.620±0.189 0.733 ± 0.130 0.518 ± 0.176 <0.001
aUnpaired t-test between premenopausal and postmenopausal women, bBody mass index, cMaximal voluntary contraction, dBone 
mineral density at one third of the radius, eAmplitude-dependent speed of sound, fUltrasound bone profile index.

Muscle strength and bone 327

Out of 194 women, 92 were pre- and 102 postmeno-
pausal; mean age±SD, 49.8 ± 12.6 years, range 21-82 
yrs; BMI 24.1 ± 3.8 kg/m2. As shown, mean values of 
R-BMD, ADSoS, UBPI and MVC were significantly 
higher in premenopausal than in postmenopausal 
women (p<0.001 for all).

Figure 1A, depicts the relationship obtained by 
fitting a quadratic regression model between MVC 
and age and adjusting for the menopause variable. 
The estimated equation is: MVC = 116.69 + 4.89 × 
age – 0.05 × age2 – 26.64 × menopause. This model 
indicates that, for each level of age, fertile women had 
a greater MVC value than postmenopausal women. 
The r2 index was 0.015 and all the terms are significant 
(p<0.005 for linear term; p<0.005 for quadratic term; 
p<0.05 for menopause). This model fitted the data 
significantly better than the previous one (p<0.05).

Figure 1B depicts the relationship obtained by 
fitting a broken-line regression model between MVC 
and age. The model shows a statistically significant 
increase in MVC values up to the age of 40.08 (s.e. 
3.9 yrs), which represents the estimated split point. 
With this model MVC increased at the rate of 2.388 
N for years before the split point (p=0.1) and it de-
creased at the faster rate of 4.72 N for year after the 
split point (p<0.01). The r2 value was 0.14.

Table 2 depicts the statistically significant correla-
tions between MVC and R-BMD (r=0.354, p<0.001) 
and MVC and ultrasonometric parameters (ADSoS 
r = 0.294; UBPI r = 0.311, p<0.001 for both) in the 

(Amplitude-Dependent Speed of Sound, ADSoS) 
and a parameter calculated by computer analysis of 
dynamic parameters of ultrasound signal (Ultrasound 
Bone Profile Index, UBPI). The short-term precision 
of ultrasonometric parameters was calculated on ten 
normal subjects measured five times each. The CVs 
for the single parameters were 0.63% for ADSoS and 
2.1% for UBPI.20

Statistical analysis

Results are presented as mean values ± SD. The 
sample was subdivided according to gonadal status 
and, after normality testing, comparison between 
MVC in premenopausal and in postmenopausal 
women was performed by unpaired t-test. We used a 
linear and quadratic regression models and broken-
line regression models to determinate the relative 
effect of age and menopause on muscle strength. In 
particular, the broken-line regression models may 
explain different linear relationships between the 
response variables and the covariates before and after 
unknown change points. All statistical analyses were 
performed in statistical software R (www.r-project.
org). To investigate correlations between MVC, den-
sitometric and ultrasonometric parameters we used 
the Spearman correlation coefficient. Significance 
was set at p value <0.05. 

Results 

Table 1 depicts the mean values±SD of demo-
graphic characteristics and of the parameters studied. 




