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Abstract. This study evaluated bone status and bone turn-  The incidence among females has been estimated to be 1
over in 82 females (ages 2-21 years) with the Rett Synin 10,000-15,000 in Scotland [5]; the prevalence of the

drome (RS) and 82 age-matched controls. Bone miner ; ; . _
density (BMD) by dual X-ray absorptiometry (DXA) at the aﬂhenotype among females is estimated at 1:10,000

ultradistal and proximal radius and ultrasonographic (QUS)L22,000 [6]. RS accounts for 2-3% of severely mentally
parameters at the calcaneus [speed of sound(SOS), brod@ndicapped [6, 7] and perhaps 10% of profoundly handi-
band ultrasound attenuation(BUA), and stiffness] and at theapped females [8]. Despite its importance, however, the
phalanxes (amplitude dependent speed of sound: AD-SO$athogenesis of RS remains obscure. It is most likely to be

were measured. We also measured serum calcium, phogy x_jinked dominant neurological disorder, lethal in hemi-
phate, 25-hydroxyvitamin D, and biochemical markers of o s males [1], but this is still being debated. A mutation
bone turnover. DXA and QUS parameters were signifi-ZY9 : 9 '

cantly lower in patients with RS compared with controlsin the gene (MECP2) encoding X-linked methyl-CpG-
and, among RS alone, in those treated with anticonvulsantsinding protein 2 (MeCP2) has been recently identified as
and in those who are nonambulatory. Ambulatory RS pathe cause of some cases of RS [9]. The MeCP2 can bind

tients showed QUS and DXA parameters significantly e yjated DNA and has been implicated as a key player in
greater than nonambulatory patients but significantly lower

than controls. Patients with RS treated with anticonvulsant&SS€mbling transcriptional silencing complexes [10]. These
presented QUS and DXA parameters lower than those ofata establish RS as the first human disease caused by de-
other RS. In RS patients, walking significantly influencesfects in a protein involved in DNA methylation [11]. It has
BMD-UD, BMD-P, SOS, BUA, and Stiffness. Serum 25- peen recently reported that phenotype variability in Rett is

hydroxyvitamin D was significantly lower in RS than in i ; ;
controls. These results suggest that ambulatory status, tooe'ln|Iy partially dependent on the kind of MECP2 mutation,

major extent, and anticonvulsant therapy certainly play arfind tha_t other mechan_isms should be investigated to explain
important role in the reduction of bone mass and bone qualthe variable recovery in speech and hand use [12].
ity, but they cannot completely explain the altered bone The syndrome consists of profound psychomotor retar-
status. Whatever the cause, girls with RS present abnormghtion, with the absence of speech, hand use, and reduced
bone status with an increase in the risk of fracture. brain growth and, in some cases, ataxia. The patients appear
Key words: Rett syndrome — Bone ultrasonography — 'to be 'normal at birth anq dgring the first .m.onths Qf Iife.,.but
Bone mineral density in their second year of life, important deficits are identified.
The development of major motor milestones occurs later
than normal; i.e., sitting, standing, and walking, and speech
development of patients is delayed compared with siblings
A progressive neurological disorder in girls, defined as Rett13]. The initial clinical manifestations are a deceleration of
Syndrome (RS), was first reported by Andreas Rett in 1966pead growth with a consequent microcephaly, loss of com-
butitis only since 1983 that a series of reports on its clinicalyynications skills and purposeful hand use, stereotypes,
e_ntity and prevalence have provided international reCOQ”igrossmotor dysfunction, epilepsy, bruxism, abnormal
tion for RS [1-4]. breathing, and severe scoliosis. Loss of acquired hand use
and speech by three years of age is followed by severe
- mental retardation [14]. The clinical manifestations have
Correspondence toC. Cepollaro been classified in to four stages with various designations:
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preregression (in which there are subtle delays in psychoFable 1. Clinical characteristics of patients with RS and of con-
motor development); regression; postregression ambulatof{P!s

and postregression nonambulatory [15, 16]. There are now RS Patients Controls P
established criteria for diagnosis [17]. In addition, a numbet 0 22
of skelgtal gbnormalmes have been reported in subjects Wltﬁge (years) 116+ 63 11.0+ 48 ns.
RS which include the presence of short fourth metacarpalweight (kg) 33.9+ 17.8 438+ 154 <0.001
and metatarsals and a short ulna [18-20]. It has also bea#eight (cm) 1325+ 215 1551+ 254 <0.001
demonstrated that patients with RS have reduced bone deﬁfﬂz (m/gdll(;l) 2'92) + g-g g-; + 8-2 n.s.
ity with incr fracture risk [18, 21, 22]. P (mg 9 0O 8+ 06 ns.
Sity wit . C.eased acture risk [18, , 22] . T-ALP (UI/l) 382.1+293.5 364.4+230.2 ns.
Quantitative ultrasound (QUS) has recently been iNtrog_ A/ p ) 554+ 420 534+ 375 ns
duced as an alternative, radiation-free method for noninvapicp (ng/mi 324.2+156.3 312.4+1805 ns.
sive assessment of skeletal status [23]. The basic principlec (ng/ml) 150+ 17.7 134+ 169 ns.
of US measurements of bone is that the speed at which RTH (pg/ml) 60.1+ 275 585% 219 ns.
propagates in bone and the extent of its attenuation throug)?S‘F3(3"'Ds (ng/ml) 100+ 73 235+ 81 <0.001
: . . OS (m/s) 1461.8+ 46.4 1530.8+ 239 <0.001
the bone are determined by physical properties of bone deB'UA (dB/MHZ) 675+ 188 984+ 169 <0001
termined by bone constituents (e.g., BMD and elasticity)sgiffness (%) 345+ 247 745+ 17.65 <0.001
and by structure (e.g., bone architecture) [24]. The absenc&D-SOS (m/s) 19109+ 854 1936.6+ 819 <0.01

of radiation makes this technique particularly useful in chil-BMD-UD (mg/cn?) ~ 252.1+ 90.6 324.3+ 79.4 <0.001
dren [25-27], where it has been demonstrated that ultraBMD-P (mg/cnd) 524.8+1455 567.9+113.3 <0.001
sound variables can discriminate between healthy and ol biochemical parameters were evaluated in serum
teopenic subjects [25].

The aim of our study was to evaluate bone status, as

assessed by traditional densnometry and quantitative UItra(AD-SoS) through the distal metaphysis of the proximal phalanges
sound, and bone turnover in patients with RS. at the last four fingers. The precision of DBM-Sonic was 0.5%.

In patients with RS and controls, blood samples were also
collected to evaluate serum calcium (Ca), phosphate (P), total al-
kaline phosphatase (ALP), bone alkaline phosphatase (B-ALP,
Tandem- R Ostase, Hybritech, CA, USA), type | procollagen car-

. . . boxyterminal propeptide (PICP, Farmos Diagnostica, Finland), os-
We studied all the patients (age range 2-21 years) with RS referreglo 2101 (ocF,) os?tegcalci(n RIA kit, DiaSorin?MN,USA), parat)hy-
to the Institute of Child Neuropsychiatry of Siena from January,qiq hormone (PTH:; Technogenetics, Milano, ltaly), and 25-

1998 to May 2000. The diagnosis was made according to th o - i i i
internationally accepted diagnostic criteria [17]. We also Studie(%yl\?r?j%\gémm P [25(0FDI (25-Fydroxyvitam b, DraSorin.

82 age-matched healthy controls. Informed consent was obtaine
according to the local ethics committee. Questionnaires completed
by parents provided information on clinical data, level of mobility, o )
use of medications, history of fracture, and calcium intake (on theStatistical Analysis

basis of a food-frequency questionnaire). Twenty-nine patients

with RS were nonambulatory at the time of the study; 40 wereAll values were expressed as mean = SD. Two-sample analysis
treated with anticonvulsants known to affect bone metabolismwas performed between patients with RS and the control group and
such as diphenylhydantoin and phenobarbital; the others were ebetween RS walking or not and treated or not with anticonvulsants
ther not treated or treated with different anticonvulsants. To anaknown to affect bone metabolism. Multiple regression analyses
lyze the data, the RS patients were also classified into four groupwere performed for each QUS and densitometric parameter, with
based on their mobility status (ambulatory or nonambulatory) andiensitometry and QUS as dependent variables, and age, BMI, and
anticonvulsant use (anticonvulsants known to affect bone metabawalking or therapy with anticonvulsants, respectively, as indepen-
lism and no anticonvulsants or other anticonvulsants). In all padent variables. As walking and anticonvulsant therapy signifi-
tients we measured BMD by dual-energy X-ray absorptiometrycantly influence QUS and DXA parameters, we also performed
(DXA) at the junction of the distal and middle third of the radius analysis of covariance for each QUS and DXA parameter with
(BMD-MR) and at the ultradistal radius (BMD-UD) (Osteoscan, walking and therapy, respectively, as factors and age as covariate.
NIM, Verona, Italy); at our Institution, thim vivo precision of this ~ For the statistical software we used the SPSS.

device was 0.9%. We also measured ultrasound parameters at the

heel by Achilles Plus (Lunar Corp, Madison, WI) and at phalanxes
by DBM Sonic 1200 (lgea, Carpi, Italy). The Achilles measures
speed of sound (SOS), broadband ultrasound attenuation (BUA),
and a clinical index named Stiffness, which is not stiffness in the
true biomechanical sense (i.e., bone resiliency or stress/strain), b@linical characteristics and biochemical, QUS, and DXA
rather an attempt by the manufacturer to define a clinical index o ; :
bone quality. Stiffness is expressed as a percentage relative to t ta of our patients .and of the Cpn'[_rpl group are reportgd n
mean value for young normals and is calculated from the mean of able 1. The RS patients were significantly shorter in height
BUA, and SOS measurements according to the formula: and lower in weight than the control group. Among bio-

Stiffness=[(0.67x BUA) + (0.28x SOS] - 420. chemical parameters, serum CA, P, ALP, and PTH did not
show any significant difference between the two groups;

At our institution, thein vivo precision of this instrument has a gerym B-ALP. OC. and PICP were higher in RS even
coefficient of variation of 0.3%, 1.2%, and 1.5%, respectively for . ’ o C o
SOS, BUA, and Stiffness. The DBM Sonic 1200 is an ultrasoundthough without statistical significance; in contrast, serum

device that measures the amplitude-dependent speed of souf@5(OH)D] was significantly lower in RS than in controls.

Subjects and methods

esults
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Table 2. Densitometric and ultrasonographic parameters of paTable 3. Multiple regression analysis for each QUS and densito-
tients with RS ambulatory and of patients with RS nonambulatorymetric parameters, with densitometric and QUS as dependent vari-
ables, and walking as independent variables, after correction by

RS RS age and BMI.
ambulatory nonambulatory P
Walking
N 53 29 — -
SOS (m/s) 14753+ 48.1 1437.1+ 32.6 <0.001 Parameter Coefficient @) R? adjusted
BUA (dB/MHz) 719+ 199 59.4+ 13.3 <0.001
Stiffness (%) 413+ 251 221+ 17.2 <0.001 EMBILDJD :;305 ((%%‘2)) %3582
AD-SOS (m/s) 1923.8+ 84.2 1887.9+ 839 <0.05 sOS 26.7 (d 003) 039
BMD-UD (mg/cn?) 2719+ 829 216.0+ 944 <0.001 BUA 8 2 © (')3) 0 éO
BMD-P (mg/cnf) 560.7 +122.9 459.8+162.0 <0.001 Stiffness 12.9 (0.006) 0.39
AD-SOS Not in the model

Densitometric and ultrasonographic values were signifi-

cantly lower in patients with RS than in controls (Table 1). i i i

Moreover, RS nonambulatory patients showed both DXAusefuI in children [25—27], Wher'e |t'halls been demonstrated
and QUS parameters significantly lower than those th}hat ultrasounpl varla_lbles can dlscrlmmatg between healthy
were ambulatory (Table 2). By dividing RS into two groups and osteopenic subjects [25]. Moreover, it is currently ac-

according to the use or non-use of anticonvulsants (anticorEEPted that QUS reflects not only bone mass, but also bone

vulsant therapy with drugs known to alter bone and noquality [23]. In fact, manyin vitro studie.:s have shown that
therapy or therapy with anticonvulsants not known to alter>OS and BUA reflect both bone density and other proper-

bone), all QUS and DXA parameters were lower and mark

ties of bone, such as elasticity and microarchitecture [28].
ers of bone turnover were higher in the first group than in\1 i Vitro study by Gluer et al. [28] suggested that SOS is

the second, even though only [25(OH)D] reached statistica"l‘lISO related to tra.\becular separ'a'tion, and BUA to either
significance P < 0.001). By analysis of covariance, ambu- trabecqlar sep'aratlon or connectivity. Our data suggest that
latory RS patients showed QUS and DXA parameters to b€ Patients with RS present not only a reduced BMD, but
significantly greater than nonambulatory, but significantly &S0 @n abnormal bone structure, as assessed by QUS pa-
lower than controls. Similarly, patients with RS treated with "@Meters. It is not surprising that motor status (walking)
anticonvulsants not known to alter bone, presented Qué&fiuénces DXA and QUS parameters; in fact, the impor-
and DXA parameters greater than other RS patients, bff"ce ©f physical activity on the bone mass is well known.
lower than controls. In RS patients, walking significantly Osteopenia is believed to be due to the lack O_f phyS|ca!
influenced BMD-UD. BMD-P. SOS. BUA. and Stiffness. Stre€ss on the bone necessary to induce the piezoelectric

with adjusted B ranging from 0.30 to 0.52 (Table 3). AD- fo'rces needed to stimulate osteoblastic activity. Children
with movement disorders, such as cerebral palsy, have been

SOS did not enter into the regression model. Moreover, X )
anticonvulsant therapy did not show any significant influ- SOWn to have decreased bone mass compared with children
ence on DXA and QUS parameters. who h_av_e no motor impairment [29]. Cpnversely, positive
associations have been observed in children between BMD
and weight-bearing activity [30] and also between ultra-
Discussion sound parameters and weight-bearing activity [26]. Walking
seems to influence QUS parameters at the calcaneus more
Our data show that patients with RS present densitometrithan at the phalanges, probably due to the effect of mobility;
and ultrasonographic parameters lower than controls. Theaalike the calcaneus, the phalanges, is a weight-bearing
findings are in agreement with the few previous studies obone [31]. According to other authors [32, 33], anticonvul-
other authors [18,22] which have shown a reduced minersant therapy with drugs known to affect bone metabolism
alization in girls affected by RS, as evaluated by standardeems to play an important role in the alteration of bone
radiographs of the hand. DXA was used for the first time instatus in patients with RS. In fact, RS patients treated with
patients with RS 3 years ago [21]. In fact, Hass et al. [21]these drugs present higher bone turnover and lower levels of
found a significant reduction in BMD of the whole body [25(OH)D] compared with RS patients not treated or treated
and, specifically, at the lumbar spine in 20 patients with RSwith other anticonvulsants. Although it appears evident that
The fact that we have evaluated BMD at the radius and noinotor status to a major extent and anticonvulsant therapy
the whole body could seem to be one of the limits to ourinfluence BMD and QUS parameters, these cannot com-
study; instead, we have selected this site for a lower radiapletely explain the altered bone status we have observed. In
tion dose and for technical difficulties in measuring thefact DXA and QUS parameters were significantly lower
whole body mass in this kind of patient. To our knowledge,than in controls, also in RS patients without ambulatory
these are the first data on the use of QUS in patients witlproblems or on anticonvulsant therapy. Therefore other fac-
RS. The absence of radiation makes the QUS particularlyors could play a role in the determination of low bone status
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in patients with RS, e.g., a genetic basis, which may providd 7.

a clue to the basic pathophysiology of RS itself.

Whatever the cause, it is evident that patients with RS1L 8

present reduced bone mass and altered bone quality and
therefore they could be considered at risk of fracture later in

life. The low levels of [25(OH)D] found in RS, namely, in
those with anticonvulsant treatment known to affect bone

metabolism, suggest that these subjects would benefit fror0.

vitamin D supplements.
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