
38 The Open Bone Journal, 2010, 2, 38-42  

 
 1876-5254/10 2010 Bentham Open 

Open Access 

Skeletal Age as a Determinant of Phalangeal Quantitative Ultrasound 
Measures of Bone Quality in Children and Adolescents 

M. Vignolo*,1, C. Torrisi1, A. Parodi1, F. Becchetti1, F. De Terlizzi2 and G. Aicardi1 

1Clinica Pediatrica, Università di Genova, Istituto G. Gaslini, Genova, 16147, Italy 
2IGEA Biophysics Laboratori, Carpi, Modena, Italy 

Abstract: Background: Quantitative ultrasonography of the proximal phalanges of the hand (QUS) has emerged as an 
attractive technical choice to assess bone quality features both in terms of bone mass and structure. Strong associations 
were found between QUS measures, chronological age and growth variables, such height, weight and pubertal stages. 
Aim: To evaluate the relationship between skeletal age and QUS variables and the influence of skeletal age on QUS 
variables after allowing for chronological age, height, weight and pubertal stage. Subjects and Methods: 235 healthy 
children and adolescents (85 boys and 150 girls) aged 3 - 18 years were examined. Height, weight, body mass index 
(BMI) were collected. Skeletal age was assessed by the third version of Tanner-Whitehouse method (TW3). QUS 
variables amplitude dependent speed of sound (AD-SoS, m/s) and bone transmission time (BTT, µsec) were measured by 
DBM Sonic BP IGEA sonograph. Results: Statistically significant positive correlations were found between AD-SoS and 
BTT and skeletal age (R2 = 0.76 in boys and 0.83 in girls for AD-SoS and 0.96 in boys and 0.93 in girls for BTT). A very 
close correlation was observed between skeletal age and BTT even after adjusting for chronological age, height, weight, 
and pubertal stage. In both sexes, chronological age, height and BTT resulted significant predictors of skeletal age. 
Conclusion: Skeletal age has emerged as an important determinant of phalangeal QUS measurements, mainly BTT. 
Skeletal maturity should be taken into account when QUS technology is used to evaluate bone mass and structure in 
children. 
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INTRODUCTION 

 Among the techniques available to assess bone quality, 
quantitative ultrasonography of the proximal phalanges of 
the hand (QUS) has emerged as a particularly attractive 
technical choice for paediatric studies. It is easy to use and 
avoids radiation, allowing repeated measurements [1-3]. 
 The QUS method is based on the transmission of ultra-
sound through the distal end of the proximal phalangeal 
diaphysis of the hand. The graphic tracing obtained reflects 
the characteristics of the electrical signal generated by US 
after going through the phalanx soft tissues and bone. QUS 
variables give reliable information about bone size, bone 
mass accumulation and bone tissue quality features [1,2,4-7]. 
 Studies have demonstrated the efficacy of the technique 
in identifying bone tissue changes in children with celiac 
disease [8], acute lymphoblastic leucemia, [9], genetic dis-
eases [10], renal impairment [11], HIV vertical infection 
[12], diabetes mellitus [13,14] and other bone and mineral 
disorders [15]. 
 Normal ranges of QUS variables AD-SoS and BTT for 
children and adolescents have been produced [16-19] and 
longitudinal QUS measurements revealed that both AD-SoS 
and BTT measurements are accurate [20]. 
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 Strong associations were found between QUS measures, 
chronological age and growth variables such as height, 
weight and pubertal stage [17,19], while the influence of 
skeletal maturity on QUS measurements has not been 
evaluated yet.  
 This may be of interest since some studies using DXA 
technology, total body or regional, have shown that skeletal 
age is a powerful determinant of bone mineralization 
[21,22]. 
 The aims of this study were, therefore, to evaluate: 1) the 
relationship between skeletal age and QUS variables, 2) if 
skeletal age influences QUS variables after allowing for 
chronological age, height, weight and pubertal stage. 

SUBJECTS AND METHODS  

 235 healthy children and adolescents (85 boys and 150 
girls) aged 3 - 18 years were examined. The children were 
evaluated by a paediatrician who excluded bone and joint 
diseases, endocrine or systemic diseases known to influence 
growth, genetic or dysmorphic syndromes, overweight/ 
obesity, hand and wrist deformities, fractures in the previous 
six months, or soft tissue swelling, illness that interrupted 
physical activity for 1 month or more in the year before 
enrolment. Subjects receiving current or previous chronic 
medication including glucocorticoids or anabolic steroid 
treatment, gonadotropin inhibitors, GH treatment, anticon-
vulsants were also excluded.  
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 Their heights and weights were between the 3rd and 97th 
percentiles of the growth charts of Tanner and Whitehouse 
(1976) [23]. For girls, inclusion criteria consisted of breast 
development occurring between 8 and 13 yr, menarche 
between 10 and 15 yr, and no pubic hair before 7 yr of age. 
For boys, inclusion criteria consisted of testicular size < 4 cc 
by 9 years and >4 cc by 14 years of age.  
 45% were healthy subjects seen for adult height predic-
tion, 56% were referred for suspected growth disorders that 
were successively excluded on the basis of clinical evalua-
tions. 
 Informed written consent to enter the study was obtained 
from parents of all the children examined. Approval by the 
local ethics committee was also obtained. 
 Height was measured to the nearest 0.1 cm with a Har-
penden stadiometer and weight was recorded to the nearest 
0.1 Kg with an electronic digital scale.  
 Body mass index (BMI – kg/m2) was calculated by divid-
ing weight (kg) by squared stature (m2). 
 Pubertal development was evaluated by assessment of 
breast stage in girls and genitalia stage in boys obtained by a 
pediatrician according to Tanner’s criteria (1976).  
 Skeletal age in years was assessed through an antero-
posterior X-ray of the left hand and wrist according to the 
TW3 method [24]. This method, developed as a revision of 
the TW2 system, is based on scoring the stages of bone 
development of 13 epiphyses of the radius, ulna and long 
bones of the hand. The TW3 reference values have proven to 
match closely skeletal maturation in Italian children and 
adolescents [25]. Assessments were made by the same 
experienced assessor (reproducibility expressed as standard 
error of measurement: 0.232 years). 
 QUS variables were measured by the sonographic device 
DBM Sonic BP IGEA (Carpi, Italy). The device employs 
two 12 mm diameter and 1.25 MHz transducers assembled 
on a high precision caliper that measures the distance 
between emitting and receiving probes positioned on the 
lateral and medial surfaces of digits II-V at the distal end of 
the diaphysis of the first phalanges in the proximity of the 
condyles. The non-dominant hand was analyzed as recom-
mended by the manufacturer.  
The following QUS variables were examined: 
-  amplitude dependent speed of sound (AD-SoS, m/s), 

i.e. the velocity at which the US cross the phalanx, 
calculated dividing the time taken by the first signal to 
be received with a predetermined minimum amplitude 
value (2 mV) by the distance between the probes. This 
variable is influenced by structural organization of 
growing bone and, to a lesser extent, by bone density 
and size; 

-  bone transmission time (BTT, µsec), i.e. the diffe-
rence between transmission time in phalanx soft tissue 
and bone and transmission time in phalanx soft tissue. 
The impact of soft tissue thickness on this QUS 
variable is expected to be minimal. 

 Measurements were performed by trained assessors (MV, 
AM and AP). Quality assurance was based on the daily 

calibration of an IGEA standard Plexiglas cube. A quality 
control procedure was performed using a cross calibration 
phantom. The calibration device was checked by the manu-
facturer twice a year. The intra-operator repeatability 
measured as coefficient of variation of the AD-SoS was 
0.96%, 0.97% and 0.97% for evaluator MV, AM and AP 
respectively. 

 There were no statistical differences between measures of 
AD-SoS obtained by the different evaluators (reproduci-
bility: mean CV% 0.96). 

 The BTT inter and intra-observer precision was very 
similar (repeatability: CV% = 0.98%, 0.96% and 0.97%; rep-
roducibility: CV% = 0.97%).  

Statistical Analysis 

 Statistical analysis was carried out using SPSS 13.0 
software (SPSS Inc, MA, US). 

 Descriptive analyses were reported as mean and standard 
deviation of continuous variables, while frequency descrip-
tion was provided for pubertal stages for both sexes sepa-
rately.  

 Linear regression analysis was performed to determine 
the association among QUS parameters and auxological and 
anthropometric variables, as well as skeletal age; the corre-
lation coefficient was reported together with SEE (standard 
error of estimate), intercept and its standard error, coefficient 
of independent variable and its standard error, level of 
significance. 

 Partial correlation analysis between AD-SoS and BTT 
and skeletal age, adjusting for chronological age, height, 
weight and pubertal stage was performed for boys and girls 
separately to determine the association between QUS 
parameters and skeletal age allowing for other auxological 
and growth variables. 

 Multiple regression analysis including chronological age, 
height, weight, BMI, skeletal age, Tanner stage of sexual 
development, and BTT was also performed to identify the 
significant predictors of skeletal age among QUS and auxo-
logical/anthropometric variables. For each model, correlation 
coefficient and SEE were reported, and the contribution of 
each significant variable in the model was given in terms of 
coefficient, standard error, standardized coefficient (Beta), t 
value, and level of significance. 

RESULTS 

 Basic information on the study population is given in 
Table 1.  

 Statistically significant positive correlation was found 
between AD-SoS and BTT, and chronological age, height, 
weight, BMI, pubertal stage.  

 Correlations between QUS variables and skeletal age, in 
boys and girls separately, with the estimates of the constants, 
are reported in Table 2. A very close correlation was 
observed between skeletal age and BTT. 
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Table 1.  Age and Growth Variables of 85 Boys and 150 Girls 
and Subjects Distribution according to Pubertal 
Tanner’s Stage 

 
 Boys Girls 

 Mean SD Mean SD 

Age (years) 9,74 3,7 9,24 2,72 

Height (cm) 133,5 22,2 131,5 16,6 

Height SDS -0,3 1,2 0.00 1,3 

Weight (Kg) 33,1 14,7 31,7 11,5 

BMI (Kg/m2) 17,62 2,66 17,7 3,03 

BMI-SDS 0,36 1,31 0,62 1,32 

Skeletal age (years) 9,5 3,70 9,3 2,8 

AD-SoS (m/sec) 1910 62 1925 53 

BTT (µsec) 0,93 0,28 0,89 0,23 

Pubertal 
Tanner’s stage 

stage1: n = 47 
stage 2: n = 9 
stage 3: n = 6 
stage 4: n = 11 
stage 5: n = 9 

stage1: n = 75 
stage 2: n = 37 
stage 3: n = 17 
stage 4: n = 5 
stage 5: n = 14 

 
Table 2.  Linear Regression Analysis for AD-SoS and BTT as 

Functions of Skeletal Age 
 

Skeletal age Boys Girls 

Terms costant SE P Costant SE P 

Intercept -91,0 6,2 <0,0001 -84,1 3,5 <0,0001 

AD-SoS 0,053 0,003 <0,0001 0,049 0,002 <0,0001 

R2 0,76 0,83   

SEE 1,85 1,17   

 

Skeletal age Boys Girls 

Terms costant SE P Costant SE P 

Intercept 2,49 0,28 <0,0001 -1,30 0,24 <0,0001 

BTT 12,88 0,29 <0,0001 11,86 0,27 <0,0001 

R2 0,96 0,93   

SEE 0,76 0,74   

 
 Figs. (1-2) show BTT values as a function of skeletal age 
and fitted regression curves for boys and girls separately.  
 A partial correlation analysis between AD-SoS and BTT 
and skeletal age, adjusting for chronological age, height, 
weight, and pubertal stage showed highly significant values 
of correlation coefficients as regards BTT (in boys: r = 
0.697, p<0.0001 and in girls: r = 0.602, p<0.0001), while 
partial correlations between skeletal age and AD-SoS are 
lower (in boys: r = 0.145, p N.S. and in girls: r = 0.380, 
p<0.0001). 
 In order to test the independent influence of growth 
variables on skeletal age, a multivariate linear regression 

model including chronological age, height, weight, BMI, 
pubertal stage and BTT with skeletal age as dependent 
variable was fitted. 

 
Fig. (1). BTT values as a function of skeletal age and fitted 
regression curves for boys. 

 

 
Fig. (2). BTT values as a function of skeletal age and fitted 
regression curves for girls. 

 

 In both sexes, only chronological age, height and BTT 
resulted as significant predictors of skeletal age (Table 3). 

DISCUSSION 

 This study further confirms that phalangeal QUS values 
in children and adolescents are strongly chronological age 
and growth related. Among the auxological variables consi-
dered, skeletal age has emerged as the most significant 
determinant of phalangeal QUS both as regards AD-SoS and 
BTT measurements. In particular, a close relationship was 
found between skeletal age and BTT, i.e. the US transmi-
ssion time of through the bone without phalanx soft tissue 
interference after adjusting for chronological age, height, 
weight, and pubertal stage.  
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 On the whole, these findings are in agreement with other 
studies which examined the relationship between skeletal 
age and bone mass in children, using DEXA measurements 
of bone mineral density of lumbar spine [21], forearm [26] or 
total body [27]. In the studies by Glastre et al. [21] and 
Mazess et al. [26], skeletal age was assessed according to the 
Greulich-Pyle method, while Ilich et al. used the FELS 
method.  
 This agreement with studies using quite different tech-
niques, regions of bone mass measurements, and methods to 
assess skeletal age, clearly confirm that skeletal age, as 
expression of biological maturation timing, is an important 
determinant of bone mass in youths.  
 Moreover, since skeletal age influences QUS variable 
BTT even independently of chronological age, height, 
weight, and pubertal stage, skeletal age should be taken into 
consideration when QUS measurements are used to evaluate 
bone mass and structure in children and adolescents suffer-
ing from diseases able to interfere with growth and bone 
mineralization. 
 Given the high correlation of skeletal age with DEXA- or 
sonography-based measurements of bone mass/quality, some 
studies have proposed these techniques as a possible alter-
native to conventional radiographic evaluation of skeletal 
age obtained by observing the morphological changes of the 
growing skeleton [28-30]. 
 In our study, chronological age, height and BTT resulted 
as significant predictors of skeletal age, suggesting that 
skeletal maturity may be estimated using algorithms based 
on QUS-BTT measurement, chronological age and height.  
 This may be of practical interest since skeletal maturity 
assessment has an essential role both in paediatric clinical 
practice and research to determine whether and how matura-
tion is affected. 
 QUS technology, allowing repeated performances, safely 
and reliably, of bone tissue measurements, seems to have the 
potential to follow skeletal maturation during the growing 
period. In any case, further studies, even performed on a 
longitudinal basis, are required to determine the agreement 
limits of radiographic skeletal age assessments and skeletal 
maturity estimates obtained with BTT-QUS based algori-
thms, both in healthy subjects and in children with growth 
disorders or pathological conditions involving bone mass 
accretion.  

 Finally, a limitation in this study has to be recognized, 
since the population examined was composed of about half 
subjects seen for a suspected growth disorder, successively 
excluded. This may result in over-recruitment of children 
with even large differences between chronological and skele-
tal age. Since ethical considerations make impossible to 
perform X-rays in healthy children, in this study inclusion/ 
exclusion criteria were adopted to minimize this effect. In 
any case, in subjects examined in the present study, skeletal 
age ranged within + 2 standard deviations from chrono-
logical age. 
 In conclusion, the present study would confirm that a 
high relationship is present between phalangeal QUS 
measurements, mainly BTT, and skeletal age in children and 
adolescents.  
 Moreover, findings seem to indicate that skeletal matu-
rity should be necessarily taken into account when QUS 
technology is used to evaluate bone status in children. 
However, further studies are required to evaluate if QUS 
BTT measurements, providing information on skeletal matu-
rity safely and easily, may become a possible alternative to 
conventional radiographic evaluation of skeletal age.  
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