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Abstract Rett syndrome, an X-linked neurodevelop-

mental disorder primarily affecting girls, is frequently

characterized by a reduced bone mineral density (BMD)

with an increased risk of fragility fractures. The aim of the

study was to assess bone status by DXA technique and by

quantitative ultrasound (QUS) in subjects with Rett syn-

drome and to evaluate which DXA or QUS parameters

better correlate with clinical features. In 156 Rett subjects

(mean age 13.6 ± 8.2 years) and in 62 controls, we mea-

sured BMD at femoral neck (BMD-FN) and at total femur

(BMD-TF). Apparent volumetric bone mineral density

(vBMAD) was also calculated. In all subjects, QUS

parameters at phalanges by Bone Profiler-IGEA (ampli-

tude-dependent speed of sound: AD-SoS and bone trans-

mission time: BTT) were evaluated. We found that both

DXA parameters and QUS parameters were significantly

lower in Rett subjects than in controls. All clinical char-

acteristics were positively correlated to BMD-FN, BMD-

TF, AD-SoS, and BTT (p \ 0.001) but not with vBMAD-

FN. All ultrasonographic parameters were significantly

correlated to BMD-FN and BMD-TF, whereas vBMAD-

FN showed only positive significant correlation with den-

sitometric parameters (p \ 001). In Rett subjects BMD-FN

was predicted primarily by weight and movement capacity,

whereas vBMAD-FN was predicted by weight, height, and

calcium intake. Moreover, AD-SoS was predicted by

weight, height, and age, while BTT was predicted only by

height. In conclusion, in our study the performance of QUS

at phalanges was similar to those of BMD at femur,

therefore, both areal BMD at femur and QUS at phalanges

(AD-SoS and BTT) may be equally useful in the evaluation

of skeletal status in Rett patients.

Keywords Rett syndrome � Bone mineral density �
Quantitative ultrasound � Bone status

Introduction

Rett syndrome is a predominantly neurological disorder

and a primary cause of severe mental retardation in girls

with an incidence of approximately 1 in 10,000 female

births [1].

Subjects with Rett syndrome appear to develop normally

up to 6–18 months of age. However, girls with classical

Rett syndrome are often delayed in development, at least

from 5–6 months of age, especially in terms of postural

delay (ability to sit and stand unsupported and rise to

standing) [2]. The head circumference of Rett girls is

normal at birth; however, it begins to decelerate in its

growth at 2–3 months of age [3]. Distinctive aspects con-

tributing to the diagnosis include developmental regres-

sion, with accompanying loss of hand skills, mobility

skills, and speech and stereotypical hand movements. As

the syndrome progresses, social withdrawal and loss of

language become apparent with features reminiscent of

autism. In Rett subjects, the mental deficiency is accom-

panied by reduced motor coordination and the development
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of ataxia and gait apraxia. Associated features such as

microcephaly, respiratory/autonomic abnormalities, [4]

seizures, scoliosis, growth deficits, and early hypotonia are

very prevalent. About 96 % of classic Rett’s syndrome

subjects have mutations in the gene that encodes MeCP2,

whereas other forms are largely associated with other

genetic mutations, such as CDKL5 in the early onset sei-

zure variant and FOXG1 mutations in the congenital var-

iant. The MeCP2 is a multifunctional nuclear protein, with

potentially important roles in chromatin architecture, reg-

ulation of RNA splicing, and active transcription [5].

Clinical data show that, along with neurological defects,

females with Rett syndrome frequently have marked

decreases in bone mineral density (BMD) [6–19]. As a

consequence of the low bone mass, Rett girls are at an

increased risk of fragility fractures, and it has been reported

that 25–40 % of Rett girls have fracture at some time during

their lives [7, 12, 14, 18]. Moreover, most subjects are growth

retarded as part of the syndrome, therefore assessing bone

status poses a special problem. Dual-energy X-ray absorp-

tiometry (DXA) is the ‘‘gold standard’’ for evaluating bone

mineral density both in adults and children. Hitherto, the

DXA at central skeleton has only been carried out in few

studies on subjects with Rett syndrome. In recent years, there

has been a growing interest in using quantitative ultrasound

(QUS) as an alternative method for non-invasive assessment

of skeletal status [20]. The attractiveness of the use of QUS

for bone measurements in children and adolescents lies in its

lack of ionizing radiation, its ease of use, portability, and low

cost. Moreover QUS, namely QUS at phalanges, seems to be

less influenced by motion artifacts than central DXA [21].

These advantages have encouraged pediatric studies, and

some cross-sectional normative data for children and ado-

lescents have been produced [22]. Moreover, several studies

suggest that phalanges may be an appropriate measurement

site because this site is sensitive to changes in bone status.

However, there appears to be few data available in the lit-

erature that has compared phalangeal QUS to femoral BMD

measured by DXA in children and adolescents.

The aim of our study was twofold:

(1) to evaluate bone status, as assessed by DXA tech-

nique and by quantitative ultrasound, in subjects with Rett

syndrome;

(2) to evaluate which DXA or QUS parameters better

correlate with clinical features of Rett syndrome.

Materials and Methods

Study population

We studied 156 subjects (age range 4–33 years; mean age

13.6 ± 8.2) affected by Rett syndrome, referred to the

Department of Paediatric Neuropsychiatry of Siena from

June 2012 to December 2013. This Department has a long

history of research on Rett syndrome and many subjects

from different parts of Italy undergo a routine annual fol-

low-up examination in Siena. The diagnosis of Rett syn-

drome was made according to the internationally accepted

diagnostic criteria [1, 23]. The patients who had experi-

enced a fragility fracture or who had been treated with

antiresorptive drugs in the previous 12 months were

excluded. The patients with severe cardiac or pulmonary

complications or with a life expectancy of less than

24 months were also excluded. Also Rett subjects on par-

enteral nutrition or with feeding tube were excluded. Sixty-

two similar age range healthy subjects were used as con-

trols. The study was approved by the Ethics Committee for

human investigation of our Institution and informed con-

sent was obtained according to the rules of the Ethics

Committee. Questionnaires completed by parents provided

information on clinical data, level of mobility, use of an-

ticonvulsants or calcium/Vitamin D supplements, history

of fracture, and dietary calcium intake of the Rett patients.

Pubertal status was categorized into three groups: a pre-

pubertal group of Tanner stages 1 and 2, a pubertal group

of Tanner stage 3–5, and a postpubertal group of subject of

over 16 years.

In our subjects, MECP2 mutations were present in 129

subjects (82.7%), CDKL5 mutations were present in four

subjects (2.6 %), and no information about genetic status

was available for the other 23 subjects. At the time of the

evaluation 49 (31.4 %), subjects were non ambulatory

whereas the others presented a severe 52 (33.3 %) or a

mild-moderate 55 (35.4 %) ambulatory impairment. The

ambulatory impairment was defined as severe, when the

ambulation was possible only with assistance.

Densitometric and Ultrasonographic Measurements

In all subjects, we performed areal BMD at femoral sub

regions (femoral neck: BMD-FN and total hip: BMD-TF)

by dual-energy X-ray absorptiometry (Hologic QDR 4500,

Bedford-MA, US). To reduce the effect of body size on

BMD, apparent volumetric bone mineral density (vBMAD)

of femoral neck (vBMAD-FN) was also calculated [24–

26]. All scans were performed by the same operator, while

the subjects were wearing light indoor clothing and no

removable metal objects. The Rett subjects with severe

involuntary muscle contractions or uncontrollable move-

ments were lightly sedated with midazolam (0.2 mg/kg/

dose) before the scan to prevent repetitive involuntary

movements which could invalidate the analysis.

Moreover, in all subjects QUS parameters were evalu-

ated at phalanges using a QUS device (Bone Profiler,

IGEA, Italy). The device used is based on the transmission
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of ultrasound through the distal end of the first phalangeal

diaphysis in the proximity of the condyles of the last four

fingers of the hand. Bone Profiler measures the amplitude-

dependent speed of sound (AD-SoS, m/s) and some

parameters derived from the analysis of the graphic trace of

the QUS signal [27, 28]. AD-SoS depends on the signal

amplitude because it is calculated by considering the time

when the electrical signal, generated by the ultrasound

mechanical wave at the receiving probe, reaches an

amplitude of 2 mV [27]. Among the parameters derived

from the analysis of the QUS graphic trace, we have con-

sidered the bone transmission time (BTT, ls) which is the

difference between the time when the first peak of the

signal received attains its maximum and the time that

would have been measured if only soft tissue and not bone

was present between the transducers. Therefore BTT,

unlike AD-SoS, is largely independent of ultrasound

attenuation and soft tissue bias, and it depends almost

exclusively on bone properties [29]. AD-SoS and BTT

were measured in the non-dominant hand, and the final

result is the average AD-SoS and BTT of the last four

fingers. The AD-SoS and BTT values of Rett patients and

controls were converted to Z scores using the normative

data obtained from a reference pediatric Italian population

[22].

In our Institution, the precision of AD-SoS and BTT

evaluated in children was 0.7 and 0.8 %, respectively. In

addition, the standardized coefficient of variation (sCV)

was calculated for each QUS parameter according to the

formula: sCV = CV%/range/mean, where range was the

difference between the 5th and the 95th percentile of the

population. The sCV was 3.7 % for AD-SoS and 2.6 % for

BTT. The precision assessed in five Rett patients measured

five times on one day by the same operator (C.C.) by

repositioning has given similar results (CV = 0.5 and

0.8 % for AD-SoS and BTT, respectively).

Biochemical Parameters

In Rett subjects and controls, blood samples were also

collected under fasting conditions to evaluate serum cal-

cium levels (Ca), phosphate (P), intact parathyroid hor-

mone (PTH), and 25-Hydroxyvitam D (25OHD). Serum

PTH was assessed by an immunoradiometric assay using

two goat polyclonal antibodies against the human PTH

molecule (DiaSorin, Saluggia, Italy). The results were

expressed in picograms per milliliter, and the intra- and

inter-assay coefficients of variation were 3.6 and 4.9 %,

respectively. Serum 25OHD was determined by a radio-

immunometric method (25-Hydroxyvitam D, DiaSorin,

MN, USA). In our Institution, the intra- and inter-assay

coefficients of variation for 25OHD were 6.8 and 9.2 %,

respectively.

Statistical Analysis

The variables normally distributed were expressed as

mean ± SD, and the significance between the means was

tested using Student’s t test. Instead BMI were not dis-

tributed normally, therefore, these variables were also

expressed as median, and the significance between the

means was tested using the Mann–Whitney test.

The correlations between the groups were analyzed with

the Pearson’s correlation test and the Spearman’s correla-

tion where appropriate. Separate multiple linear regression

models (method: Stepwise) were used to assess indepen-

dent predictors of BMD-FN, BMD-TF, vBMAD-FN, AD-

SoS, and BTT, while age, weight, height, scoliosis,

movement capacity, antiepileptic drugs (AEDs), and cal-

cium intake were included as independent variables in the

models. For each model, the regression coefficients

(b-coefficients) and their 95 % confidence intervals were

described. All tests were two-sided, and p \ 0.05 was

considered statistically significant. All statistical tests were

performed using SPSS 10.1 statistical software (SPSS

10.1).

Results

Clinical characteristics of the Rett subjects and of the

control group are reported in Table 1. Thirty-six percent

(57 out of 156) of Rett subjects and 31 % (19 out of 62) of

controls were in Tanner stages 1–2, 40 % (62 out of 156) of

Rett subjects and 40 % (25 out of 62) of controls had

reached Tanner stages 3 through 5, and finally 24 % (37

out of 156) of Rett subjects and 29 % (18 out of 62) of

controls were over 20 years old. As expected, the Rett

subjects were significantly shorter in height and lower in

weight than the control group. Densitometric and ultraso-

nographic parameters of the Rett subjects and of the control

group are reported in Table 2. In Rett subjects, the values

of BMD-FN, BMD-TF, and vBMAD-FN were significantly

lower than in control subjects. Moreover, both AD-SoS and

BTT were significantly lower in the Rett subjects than in

controls (p \ 0.05). Among biochemical parameters,

serum Ca, P, and PTH did not show any significant dif-

ference between the two groups, whereas serum 25OHD

was lower in the Rett subjects without reaching any sta-

tistical significance.

Correlation between clinical characteristics, densito-

metric and ultrasonographic parameters in Rett subjects

and controls are reported in Table 3. All clinical charac-

teristics were positively correlated to BMD-FN, BMD-TF,

AD-SoS, and BTT (p \ 0.001) but not with vBMAD-FN.

All ultrasonographic parameters were significantly corre-

lated to BMD-FN and BMD-FT, whereas vBMAD-FN
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showed only positive significant correlation with densito-

metric parameters (p \ 001), a moderate positive correla-

tion with weight and a positive but not significant

correlation with weight and ultrasonographic parameters.

Of the 156 Rett subjects, 68 (43.6 %) presented scoli-

osis. When the Rett subjects were separated into two

groups according to the presence or absence of scoliosis,

the Rett subjects with scoliosis showed densitometric and

ultrasonographic parameters lower than the Rett subjects

without scoliosis. However, the difference reached statis-

tical significance for AD-SoS in the prepubertal group

(p \ 0.05), for BTT in the pubertal group (p \ 0.05), and

for BMD-TF in the postpubertal group (p \ 0.05)

(Table 4).

In Table 5, we reported multiple linear regression ana-

lysis of predictors of bone mineral density and QUS

parameters in Rett subjects. The analysis was performed by

including in the model age, weight, height, movement

capacity, scoliosis, AEDs, and calcium intake as indepen-

dent variables. In Rett subjects, BMD-FN was predicted

primarily by weight and movement capacity, whereas

vBMAD-FN was predicted by weight, height, and calcium

intake. Moreover, AD-SoS was predicted by weight,

height, and age, while BTT was predicted only by height.

When the subjects with Rett syndrome were separated in

three groups on the basis of the capacity of movement, the

Rett subjects who were non ambulatory showed BMD-FN,

vBMAD-FN, AD-SoS, and BTT to be lower than in Rett

subjects without mobility impairment. The differences

between the three groups reached statistical significance for

BMD-FN and BTT but not for vBMAD-FN and AD-SoS

(Fig. 1).

Discussion

This study analyzed the largest sample of subjects with

Rett syndrome to date and considered two different meth-

ods for the evaluation of bone status.

Our findings show that both densitometric and ultraso-

nographic parameters were significantly lower in Rett

subjects than in controls, and that these were similarly

influenced by the anthropometric parameters and mobility.

These findings are in agreement with the few previous

studies carried out to date by others authors [6–19] who

evaluated BMD by DXA or QUS in both children and

young adult affected by Rett syndrome.

Table 1 Clinical characteristics of patients with Rett syndrome and

controls

Rett patients Controls p

PREPUBERTY

(5–9 years)

n = 57 n = 19

Age (years) 7.3 ± 2.1 8.5 ± 1.7 0.05

Weight (Kg) 22.9 ± 8.6 33.8 ± 9.6 \0.001

Height (cm) 118.4 ± 11.1 134.6 ± 10.5 \0.001

BMI (Kg/m2) 16.1 ± 4.1 17.6 ± 10.5

15.6

[13.0–18.0]a
16.7

[15.6–20.1]a
0.05

PUBERTY

(10–15 years)

n = 62 n = 25

Age (yrs) 14.3 ± 2.5 14.4 ± 1.7 n.s.

Weight (Kg) 39.9 ± 12.6 56.5 ± 12.1 \0.001

Height (cm) 142.4 ± 8.9 158.6 ± 5.4 \0.001

BMI (Kg/m2) 19.4 ± 4.9 22.1 ± 5.3

18.9

[15.4–23.0]a
19.7

[18.6–124.9]a
0.05

Menarche age (years) 11.1 ± 1.6 12.1 ± 1.1 0.05

POSTPUBERTY

(16–35 years)

n = 37 n = 18

Age (years) 26.5 ± 4.5 25.7 ± 6.1 n.s.

Weight (Kg) 46.9 ± 13.1 59.8 ± 10.6 \0.001

Height (cm) 147.1 ± 9.3 164.5 ± 9.1 \0.001

BMI (Kg/m2) 21.6 ± 5.4 22.1 ± 3.6

20.2

[17.6–24.4]a
20.9

[19.4–23.4]a
n.s.

Menarche age (years) 11.5 ± 1.9 12.7 ± 0.7 0.05

a Median [Ql; Q3], Mann–Whitney test

Table 2 Densitometric and ultrasonographic parameters in Rett

subjects and controls

Rett patients Controls p

PREPUBERTY

(5–9 years)

n = 57 n = 19

BMD-FN (g/cm2) 0.451 ± 0.128 0.671 ± 0.085 \0.001

BMD-TF (g/cm2) 0.452 ± 0.730 0.730 ± 0.131 \0.001

vBMAD-FN (g/cm3) 0.274 ± 0.330 0.330 ± 0.037 \0.001

AD-SoS(m/s) 1829.8 ± 56.6 1893.7 ± 51.8 \0.001

BTT (ls) 0.57 ± 0.20 0.79 ± 0.20 \0.001

PUBERTY

(10–15 years)

n = 62 n = 25

BMD-FN (g/cm2) 0.598 ± 0.157 0.851 ± 0.081 \0.001

BMD-TF (g/cm2) 0.582 ± 0.124 0.923 ± 0.079 \0.001

vBMAD-FN (g/cm3) 0.313 ± 0.093 0.349 ± 0.050 0.05

AD-SoS(m/s] 1898.6 ± 75.3 2003.0 ± 77.6 \0.001

BTT (ls) 0.89 ± 0.32 1.25 ± 0.25 \0.001

POSTPUBERTY

(16–35 years)

n = 37 n = 18

BMD-FN (g/cm2) 0.686 ± 0.143 0.867 ± 0.067 \0.001

BMD-TF (g/cm2) 0.662 ± 0.153 0.963 ± 0.081 \0.001

vBMAD-FN (g/cm3) 0.309 ± 0.085 0.338 ± 0.037 \0.001

AD-SoS(m/s) 1943.6 ± 66.8 2078.3 ± 53.8 \0.001

BTT(ls) 1.02 ± 0.27 1.56 ± 0.08 \0.001
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The bone health of children and adolescents has become

an increasingly important medical concern. In particular,

there is growing recognition that low bone mass and

fractures may complicate several genetic and acquired

chronic disorders of childhood [30]. The pediatric skeleton

can be assessed using different techniques such as dual-

energy X-ray absorptiometry, quantitative computed

tomography, peripheral quantitative computed tomogra-

phy, quantitative ultrasonography, magnetic resonance

imaging, or X-ray. Nevertheless, DXA remains the pre-

ferred method for clinical measurements of bone density in

children because of its availability, reproducibility, speed,

low exposure to ionizing radiation, and robust pediatric

reference data [31, 32]. Also for children with contractures

who cannot be positioned properly for spine or whole-body

studies, measurements of the lateral distal femur may be a

useful alternative measurement [33].

The most significant limitation of DXA is its reliance on

areal rather than volumetric BMD; consequently, it does

not provide information on the depth of the bone. As wider

and longer bones also tend to be thicker, larger bones have

artificially inflated areal BMD measurements, resulting in

an artificial underestimation of bone density in people of

lower stature, irrespective of a potentially underlying

chronic disease. This confounding factor of poor growth

becomes significant also in subjects with Rett syndrome

suffering from decreased somatic growth.

It is therefore even questionable whether DXA should

be used in the growing child at all, in effect DXA does not

distinguish between cortical and trabecular bone.

Table 3 Correlation coefficients between BMD and QUS parameters in Rett subjects (A) and in controls (B)

ARETT Weight Height BMD-FN BMD-TF vBMAD-FN AD-SoS BTT

A

Age (years) r = 0.74 r = 0.82 r = 0.55 r = 0.55 r = 0.08 r = 0.60 r = 0.61

p \ 0.01 p \ 0.01 p \ 0.01 p \ 0.01 p = n.s. p \ 0.01 p \ 0.01

Weight (Kg) r = 0.83 r = 0.74 r = 0.76 r = 0.28 r = 0.38 r = 0.52

p \ 0.01 p \ 0.01 p \ 0.01 p \ 0.05 p \ 0.01 p \ 0.01

Height (cm) r = 0.60 r = 0.62 r = 0.08 r = 0.57 r = 0.65

p \ 0.01 p \ 0.01 p = n.s. p \ 0.01 p \ 0.01

BMD-FN (g/cm2) r = 0.90 r = 0.61 r = 0.41 r = 0.49

p \ 0.01 p \ 0.01 p \ 0.01 p \ 0.01

BMD-TF (g/cm2) r = 0.46 r = 0.43 r = 0.49

p \ 0.01 p \ 0.01 p \ 0.01

vBMAD-FN (g/cm3) r = 0.07 r = 0.05

p = n.s. p = n.s.

AD-SoS(m/s) r = 0.82

p \ 0.01

CONTROLS Weight Height BMD-FN BMD-TF vBMAD-FN AD-SoS BTT

B

Age (years) r = 0.66 r = 0.78 r = 0.63 r = 69 r = 0.04 r = 0.81 r = 0.89

p \ 0.01 p \ 0.01 p \ 0.01 p \ 0.01 p = n.s. p \ 0.01 p \ 0.01

Weight (Kg) r = 0.72 r = 0.70 r = 0.71 r = 0.15 r = 0.24 r = 0.39

p \ 0.01 p \ 0.01 p \ 0.01 p = n.s. p = n.s. p \ 0.05

Height (cm) r = 0.69 r = 0.74 r = 0.05 r = 0.67 r = 0.76

p \ 0.01 p \ 0.01 p = n.s. p \ 0.01 p \ 0.01

BMD-FN (g/cm2) r = 0.35 r = 0.57 r = 0.59 r = 0.65

p \ 0.01 p \ 0.01 p \ 0.01 p \ 0.01

BMD-TF (g/cm2) r = 0.33 r = 0.63 r = 0.70

p \ 0.01 p \ 0.01 p \ 0.01

vBMAD-FN (g/cm3) r = 0.18 r = 0.19

p = n.s. p = n.s.

AD-SoS (m/s) r = 0.87

p \ 0.01
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Moreover, the DXA technique provides little data on bone

geometry and trabecular microarchitecture. However, bone

circumference, periostal and endostal dimensions, and

trabecular microarchitectural parameters, such as trabecu-

lar thickness, number, spacing, orientation, connectivity,

and the ratio of plate- and rod-like structures, all contribute

to bone strength [34]. However, at present there is no

evidence in children that areal BMD is predictive of future

fracture risk [35].

In 1992, Carter et al. introduced a method of estimating

vBMD by the calculation of bone mineral apparent density

(BMAD, grams per cubic centimeter), which reduces the

confounding effect of the bone size [24]. In our study, in

accordance with the previous study by Roende et al. [24]

the dependence of BMD on bone and body size was cor-

rected by calculating BMAD at femoral neck as the most

accurate indicator of volumetric density. Also with regard

to the association with clinical failure, our data seem to be

in agreement with Roende et al. [17] which showed that

vBMAD at femur was significantly associated to antiepi-

leptic treatment and movement capacity; but none of these

associations with BMAD at femur remained significant in a

multiple-adjusted model including age and BMI. In our

Rett subjects, when BMD and vBMAD were regressed

against scoliosis, movement capacity, AEDs, and calcium

intake we found similar relationships for BMD and

Table 4 Densitometric and

ultrasonographic parameters in

Rett subjects with or without

scoliosis

With scoliosis Without scoliosis p

PREPUBERTY(5 to 9 years) n = 13 n = 45

BMD-FM (g/cm2) 0.419 ± 0.154 0.452 ± 0.128 n.s.

BMD-TF (g/cm2) 0.420 ± 0.110 0.462 ± 0.118 n.s,

vBMAD-FN (g/cm3) 0.251 ± 0.106 0.276 ± 0.081 n.s.

AD-SoS(m/s) 1819.9 ± 56.5 1858.9 ± 55.7 <0.05

BTT (ls) 0.53 ± 0.20 0.66 ± 0.19 n.s.

PUBERTY (10–15 years) n = 31 n = 31

BMD-FM (g/cm2) 0.584 ± 0.170 0.603 ± 0.152 n.s.

BMD-TF (g/cm2) 0.595 ± 0.135 0.559 ± 0.100 n.s.

vBMAD-FN (g/cm3) 0.306 ± 0.101 0.323 ± 0.091 n.s.

AD-SoS(m/s) 1885.5 ± 65.3 1906.9 ± 70,4 n.s.

BTT (ls) 0.77 ± 0.26 0,97 ± 0.35 <0.05

POSTPUBERTY (16–35 years) n = 24 n = 13

BMD-FN (g/cm2) 0.670 ± 0.109 0.739 ± 0.207 n.s.

BMD-TF (g/cm2) 0.625 ± 0.078 0.756 ± 0.245 <0.05

vBMAD-FN (g/cm3) 0.302 ± 0.084 0.315 ± 0.089 n.s.

AD-SoS(m/s) 1936.8 ± 68.4 1947.1 ± 60.7 n.s.

BTT (ls) 0.98 ± 0.27 1.10 ± 0.29 n.s.

Table 5 Multiple linear

regression analysis of predictors

of bone mineral density and

QUS parameters in Rett subjects

Whole set of variables included

into the models: age, weight,

height, scoliosis, movement

capacity, AEDs, and calcium

intake

Variable Undestandardized coefficient, b 95 % CI p

BMD-FN (g/cm2)

Weight (Kg) 0.001 0.007–0.011 \0.0001

Ambulatory 0.029 0.006–0.120 0.031

VBMAD-FN (g/cm3)

Weight (Kg) 0.005 0.003–0.008 \0.0001

Height (cm) -0.003 -0.005 to -0.001 0.004

Calcium intake (mg/die) 0.045 0.006–0.084 0.023

AD-SoS (m/s)

Weight (Kg) 0.639 0.641–6.184 \0.0001

Height (cm) 0.641 -3.479 to -0.390 0.002

Age (years) 1.078 0.188–2.352 0.010

BTT (ls)

Height (cm) 0.011 0.008–0.014 \0.0001

C. Caffarelli et al.: DXA and QUS in Rett Subjects 253

123



vBMAD. However, other studies found that BMAD was

less dependent on body size than BMD [24, 36].

A possible explanation of this discordance could be that

in Rett subjects the influence of height seems to be less

confounding for femoral neck vBMAD respect to areal

BMD values, [37] so the measurement at femur represents

a good site for Rett subjects [17].

However, despite this lack of agreement in literature

regarding the more important usefulness of vBMAD or

BMD, the femur represents a valuable skeletal site for the

assessment of bone status in Rett subjects. One other

important finding of this study was that the Rett subjects

showed QUS parameters significantly lower with respect to

controls. These findings seem to be in agreement with the

previous studied by both our group and others where QUS

was used in the evaluation of bone status in both children

and adolescents affected by Rett syndrome [8, 11, 13, 19].

The advantages for the use of QUS in the assessment of

bone status in children and adolescents lie in its lack of

ionizing radiation, ease of use, portability, and low cost.

However, despite its proven advantages, the use of QUS

remains controversial, due to scarce knowledge of the

physical mechanism of ultrasound in assessing bone char-

acteristics and the difficulty in comparing the results

obtained by QUS with those acquired by DXA. The deci-

sion for using QUS at phalanges was prompted by the

consideration that calcaneus presents some limitations in

children and adolescents (e.g., motion artifacts), and by the

possibility of obtaining additional information on bone

status by the analysis of QUS graphic trace at phalanges.

In our study, the measurements taken at the distal

metaphysis of the proximal phalanges show a high corre-

lation with BMD at femur measured by DXA. Also Plus-

kiewicz et al. in a pediatric population [38] showed a good

correlation between AD-SoS measured at the phalanges

and BMD at both lumbar spine and total body.

Moreover, in some studies carried out in children and ado-

lescents with disturbances of growth QUS and DXA parameters

showed similar results, suggesting that both methods are able to

identify a reduced bone mineral status [21].

The ability of QUS to detect a reduced mineralization of

bone similarly to DXA has been confirmed also in other

studies carried out on healthy children or on pediatric

populations with mineral disorders or chronic diseases [39,

40].

In contrast other previous reports failed to show any

association between QUS and DXA parameters, in partic-

ular Christoforidis et al. found that in healthy adolescents,

Ad-SOS measurements taken at the distal metaphysis of

the proximal phalanges did not show any correlation with

lumbar spine and total body BMD measured by DXA, and

also in another study no agreement was recorded between

the two methods in the identifying thalassemic patients at

risk of osteoporosis [41, 42].

Moreover, when densitometric and ultrasonographic

variables were analyzed in multivariate regression analyses

Fig. 1 Bone mineral density and QUS parameters in Rett subjects grouped according to ambulatory impairment
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as dependent variables, using anthropometric and clinical

parameters as independent variables, low BMD values

measured at femur and low AD-SoS at phalanges were

predicted equally by weight and height, to strengthening

the results of our study. Moreover, the movement capacity

influenced DXA and QUS parameters equally.

Our study presents some limitations. In fact, this study is

cross-sectional and cannot be used to form any conclusions

regarding the risk of osteoporosis and fragility fractures in

Rett subjects.

Another limitation of this study is that in seriously ill

Rett subjects the reproducibility of DXA and QUS mea-

surements depends very much on the skill of operator.

In conclusion, in our study, the BMD at femur was con-

firmed as a useful method for the assessment of bone status in

Rett subjects. Moreover, the performance of QUS at pha-

langes was similar to those of BMD at femur. Therefore, both

BMD at femur and QUS at phalanges may be equally useful

in the evaluation of skeletal status in Rett subjects.

Human and Animal Rights and Informed Consent All proce-

dures performed in the present study was in accordance with the

ethical standards of the institutional and/or national research com-

mittee and with the 1964 Helsinki declaration and its later amend-

ments or comparable ethical standards. Informed consent was

obtained from all individual participants included in the study.

Disclosures None.
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