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Abstract

Purpose Reduced bone mineral density (BMD) and increase risk of fragility fracture are common complication of anorexia
nervosa (AN). BMD by dual-energy X-ray absorptiometry (DXA) present several limits in subjects with AN. This study
aimed to evaluate the usefulness of the new Radiofrequency echographic multispectrometry (REMS) technique in the assess-
ment of bone status in young women with AN.

Methods In a cohort of 50 subjects with restrictive AN and in 30 healthy controls, we measured BMD at the lumbar spine
(LS-BMD), at femoral neck (FN-BMD) and total hip (TH-BMD) using both DXA and REMS technique.

Results BMD evaluated by DXA and REMS technique at all measurement sites were all significantly (p <0.01) lower in
subjects suffering from AN subjects than in controls. Good correlations were detected between BMD by DXA and BMD by
REMS measurements at LS (r=0.64, p <0.01) at FN (r=0.86, p <0.01) and at TH (r=0.84, p <0.01) in subjects suffering
from AN. Moreover, Bland—Altman analysis confirmed the good agreement between the two techniques. The subjects suf-
fering from AN with previous vertebral fragility fractures presented lower values of both BMD-LS and BMD-TH by DXA
and by REMS with respect to those without fractures; however, the difference was significant only for BMD-TH by REMS
(p<0.05).

Conclusions Our data suggest that REMS technique due to its characteristic of precision and reproducibility may represent
an important tool for the evaluation of the changes in bone status in AN young women, especially during the fertile age and
in case of pregnancy and breastfeeding.

Level of evidence Level of evidence: level III cohort study.

Keywords Anorexia nervosa - Bone mineral density - Osteoporosis - Dual-energy X-ray absorptiometry (DXA) -
Radiofrequency echographic multispectrometry (REMS)

Introduction anorexia nervosa must meet all the following conditions: (1)

restriction of food intake leading to weight loss or a failure

Anorexia nervosa (AN) is a psychiatric disorder character-
ized by low body weight due to self-induced undernutri-
tion. According to the DSM-5, a subject to diagnose with
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to gain weight resulting in a “significantly low body weight”
of what would be expected for someone’s age, sex, and
height; (2) intense fear of becoming fat or gaining weight;
(3) disturbance in one’s body image [1].

Anorexia nervosa is prevalent in adolescent and young
adult women. In Italy lifetime prevalence of anorexia ner-
vosa in female population over the age of 18 is estimated
of 0.9%. Moreover, the incidence of anorexia nervosa is
estimated to be at least 8 new cases per 100,000 women
in 1 year. Anorexia nervosa leads to many comorbidities
that can adversely affect every body system [2]. In particu-
lar, endocrine changes include hypothalamic amenorrhea,

@ Springer


http://orcid.org/0000-0003-4163-7289
http://crossmark.crossref.org/dialog/?doi=10.1007/s40519-022-01450-2&domain=pdf

3208 Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2022) 27:3207-3213

a nutritionally acquired growth hormone resistance with
low insulin like growth factor-1 (IGF-1), relative hyper-
cortisolemia [3], low leptin, insulin, amylin and oxytocin
[4-6], and high peptide YY (PYY) and adiponectin [7]. All
these changes have negative effects on bone in fact low bone
mineral density (BMD) is characteristic in AN and it is par-
ticularly concerning. Both cortical and trabecular bone are
affected in anorexia nervosa; in particular, the rapid loss of
trabecular bone reflects the dramatic impact of estrogen defi-
ciency [2]. Moreover, it has been reported that adolescents
with AN have lower cortical area, reduced cortical thickness
and increased cortical porosity [8]. This latter study also
reported that abnormalities in bone microarchitecture may
precede changes in BMD [8]. Reduced BMD and increased
bone fragility represent two of the most relevant complica-
tions associated with anorexia nervosa and are especially
critical in adolescence, a time when bone accrual peaks.
Higher rates of fractures are reported in AN compared with
controls and changes in bone microarchitecture have been
reported [9, 10]. A prospective study carried out in young
women with AN demonstrated a sevenfold increased risk of
fracture when compared with similarly aged normal-weight
women [11]. It has been reported that up to 50% of AN
women, who underwent BMD evaluation by Dual-energy
X-ray Absorptiometry (DXA) have a Z score<—2 ora T
score < —2.5 [8, 12]. Moreover, the subjects with restricting
AN disease (AN-R) present a more severe reduction in BMD
with respect to those who have a binge-purge AN disease
(AN-BP) [12]. Although women with AN have a markedly
higher risk of fragility fractures with respect to age-matched
controls, several studies, carried out in both adolescent girls
and young women with AN, found no strict correlations
between fracture risk and BMD by DXA [13, 14].

At present, DXA is considered the gold standard exami-
nation for the evaluation of BMD. However, DXA technique,
due to the use of ionizing radiation presents some limitation
for use in young AN women who need serial measurements
of their BMD. These observations raised the interest in the
possibility of using technologies other than DXA for the
assessment of bone status in women with AN [15].

For some years, a new ultrasound-based technique, Radi-
ofrequency Echographic Multi Spectrometry (REMS) is
available for the evaluation of BMD at the level of axial
skeletal sites (lumbar spine and proximal femur) [15, 16].
Some papers have reported that REMS technique present a
good precision and a diagnostic accuracy similar to DXA
[16, 17]. In addition, recent studies have demonstrated the
ability of the REMS technique to diagnose osteoporosis and
to predict the risk of fragility fracture in female population
[16, 18, 19].

The aim of this study was to evaluate the usefulness of
REMS technique in the assessment of bone status in young
women affected by anorexia nervosa.
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Methods
Study population

A cohort of 50 Caucasian adolescent and young women with
AN, referred to the outpatient Clinic for Osteoporosis of the
Department of Internal Medicine at the University Hospital
of Siena (Italy) for an evaluation of BMD, were enrolled
in the study. Inclusion criteria were: age > 18 years, body
mass index (BMI) < 18 kg/m? and a diagnosis of restric-
tive AN as defined by the DSM-5 [1]. The control group
included 30 normal-weight healthy adolescent and young
women with 18 < BMI < 25 kg/m?. All the controls presented
no lifetime history of eating disorders and normal menstrual
cycles. All the subjects previously treated with antiosteopo-
rosis drugs, except calcium and vitamin D supplements, and
those who were suffering illness (cancer, multiple myeloma,
hyperparathyroidism, etc.) or were receiving therapies able
to influence bone metabolism were excluded. Height and
weight were measured in a standardized fashion and BMI
was calculated as weight in kilograms divided by the square
of height in meters.

Biochemical parameters

In all subjects, fasting venous blood samples were drawn
in order to assess serum levels of 25-hydroxyvitamin D
(250HD), parathyroid hormone (PTH), serum calcium,
serum phosphate and creatinine. Serum 250HD was deter-
mined by a chemiluminescence immunoassay (LIAISON
250HD Total Assay, DiaSorin Inc, Stillwater, MN, USA).
In our institution, the intra- and inter-assay coefficients of
variation were 6.8% and 9.2%, respectively. Serum PTH was
assessed by a immunoradiometric assay (Total Intact PTH,
Antibodies Lab. Inc.; Santee, CA,USA) and the intra- and
inter-assay coefficients of variation were 3.6% and 4.9%,
respectively.

Bone mineral density measurement

In all women, we measured BMD at the lumbar spine
(LS-BMD), at femoral neck (FN-BMD) and total hip
(TH-BMD) using a dual-energy X-ray absorptiometry
(Discovery W, Hologic, Waltham, MA, USA). All DXA
scans were performed according to the standard clinical
routine procedures. Osteoporosis and osteopenia were
diagnosed according to the World Health Organization
(WHO) and ISCD definition [20]; sex-matched Italian
reference data were used for the calculation of T score
and Z-score. REMS scans were performed at both fem-
oral sites and lumbar spine by employing a dedicated
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echographic device (EchoStation, Echolight Spa, Lecce,
Italy), equipped with a convex transducer operating at the
nominal frequency of 3.5 MHz and used as recommended
by the manufacturer. In a REMS investigation, the probe
is placed on the abdomen or on the hip in order to visual-
ize of the target bone interface and the operator has to set
the appropriate values of scan depth and transducer focus.
Subsequently, the software detects the sought bone inter-
faces in the sequence of acquired frames and identifies
the regions of interest for the diagnostic evaluation. The
selected measured data are finally synthesized in a patient
specific spectrum of the considered bone target, which
undergoes an advanced comparison with gender, age, site
and BMI matched reference spectral models extracted
from a dedicated database. Actually, the spectral modifi-
cations introduced by the physical properties of the bone
structure that has backscattered the ultrasound signals are
identified by the comparison procedure, resulting in a
BMD estimation and in the consequent diagnostic clas-
sification as healthy, osteopenic or osteoporotic [16, 18].
In Fig. 1 showed a schematic representation of the REMS
acquisition on femoral neck. Data processing methodolo-
gies implemented in the REMS approach were detailed in
previous papers [16, 18, 19].

Moreover, in AN subjects, the presence of prior low
major trauma fractures (hip, vertebrae, wrist, ankle,
humerus) was ascertained by self-report and confirmed
by an examination of clinical and radiological reports.
Three anorexic women were excluded due to inadequate
quality of BMD or REMS evaluation; therefore, the statis-
tical analysis was carried out in 47 AN and in 30 healthy
women.

An informed written consent was obtained from all
participants, and the study was approved by the Institu-
tional Review Board of Siena University Hospital (ID-
1234/14). All the data were anonymized before being
used for the statistical analysis.

Depth of scan
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Statistical analysis

All values were expressed as mean + SD. The Kolmogo-
rov—Smirnov test was used to verify the normality of the
distribution of the outcome variables. Clinical data and ini-
tial values of the variables measured in the study groups
were compared using Student’s ¢ test and Mann—Whitney
U-test as appropriate. The degree of correlation between
DXA and REMS values was quantified through Pearson's
correlation coefficient. The agreement between DXA-
and REMS-based BMD values was assessed through the
Bland-Altman method, by measuring the residual standard
deviation (RSD).

All tests were performed using the SPSS statistical pack-
age for Windows version 16.0 (SPSS Inc., Chicago).

Results

The demographic and clinical characteristics of the 47 sub-
jects suffering from anorexia nervosa and of the 30 controls
are described in Table 1. There were no significant differ-
ences between the two groups for age, height, biochemical
parameters, PTH and 250HD. As expected, BMI was sig-
nificantly lower (p <0.01) in subjects suffering from ano-
rexia nervosa than in control group. Bone mineral density
evaluated by DXA and REMS technique at all measurement
sites (LS-BMD, FN-BMD, and TH-BMD) were all signifi-
cantly (p <0.01) lower in subjects suffering from anorexia
nervosa than in the control group. The mean duration of ano-
rexia nervosa was 12.3 +11.3 years. Moreover, seven women
(16.3%) suffering from anorexia nervosa had experienced at
least one or more vertebral fracture.

In the Fig. 2, we reported the mean values of BMD at
different skeletal sites, expressed as Z-score, obtained by
DXA and REMS technique. It is evident that BMD Z-score
by REMS were in agreement with those obtained by DXA

Incident

ultrasound beam
.—

Femur section

HEALTHY
SPECTRAL MODEL

PATHOLOGICAL
SPECTRAL MODEL

Fig.1 Schematic representation of Radiofrequency echographic multispectrometry (REMS) acquisition on femoral neck
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Table 1 Demographic and clinical characteristics of the study popu-
lation

ANX (N=47) Controls (N=30) p
Age (years) 31.7+10.3 329495 n.s
Weight (kg) 41.2+7.0 60.1+9.9 0.01
Height (cm) 162.0+7.7 163.6+5.0 n.s
BMI (Kg/m?) 15.7+2.5 23.4+4.0 0.01
Creatinine (mg/dl) 0.9+0.3 0.9+0.2 n.s
Calcium (mg/dl) 9.6+0.6 9.2+0.5 n.s
Phosphate (mg/dl) 3.8+04 34405 n.s
250HD (ng/ml) 219+14.4 244+89 n.s
PTH (pg/ml) 26.3+19.7 29.8+£17.9 n.s
DXA LS-BMD (g/cm?) 0.854+0.163  1.158+0.110 0.01
DXA FN-BMD (g/cm?) 0.687+0.124  0.950+0.156 0.01
DXA TH-BMD (g/cm?) 0.785+0.160 1.001+0.110 0.01
REMS LS-BMD (g/cm?)  0.854+0.120  0.996+0.075 0.01
REMS FN-BMD (g/cm?)  0.592+0.080  0.671+0.130 0.01
REMS TH-BMD (g/cm?)  0.701+0.092  0.892+0.090 0.01
LS FN TH
0 +—
-0,5
-1
o
g-15
N
. £
-25 n
3 *p<0.05;

mBMD by DXA  OBMD by REMS

Fig.2 Values of BMD expressed as Z-score at lumbar spine (LS), at
femoral neck (FN) and at total hip (TH) by DXA and REMS tech-
nique in young women with anorexia nervosa

technique at both lumbar spine and total femur; only at
femoral neck BMD Z-score by REMS were significantly
lower (p <0.05) respect to that obtained by DXA technique
(Fig. 2).

A good correlation was detected between BMD obtained
by DXA and REMS-estimated BMD at lumbar spine
(r=0.64, p<0.01), at femoral neck (r=0.86, p <0.01) and
at total hip (r=0.84, p<0.01) in subjects suffering from
anorexia nervosa (data not shown). Moreover, Fig. 3 shows
the Bland—Altman plots obtained to assess the differences
between BMD values by DXA and BMD values by REMS
technique for lumbar spine and total femur sites. The average
difference (expressed as bias +2 SDs) was 0.012 +0.350 g/
cm? for lumbar spine (Fig. 3A) and —0.080 +0.288 g/cm?
for total hip (Fig. 3B).
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The values of BMD-LS, measured by DXA and REMS
technique, in subjects suffering from anorexia nervosa with
or without prior vertebral low-trauma fractures are shown
in Fig. 4. As expected, the subjects suffering from anorexia
nervosa with previous vertebral fragility fractures presented
lower values of both BMD-LS and BMD-TH by DXA and
by REMS with respect to those without fractures; however,
the difference was significant only for BMD-TH by REMS
(p<0.05).

Discussion

To our knowledge, this is the first study which has evalu-
ated the usefulness of REMS in young women with AN.
The main finding of this study was that the values of REMS
estimated BMD were similar to those obtained with BMD
by DXA at all skeletal sites. Therefore, our data suggest that
REMS-estimated BMD could be a good diagnostic tool in
demonstrating the bone disease in women with AN without
the use of ionizing radiations. We know that fracture preva-
lence is increased in adolescents and young women with AN
regardless of the extent of the reduction of BMD values by
DXA [14]. It is well known that women with AN present a
reduction in both trabecular and cortical bone; furthermore,
Misra et al. reported that in AN subjects alterations in bone
microarchitecture and quality may precede the alterations
in bone mineral density [10]. However, non-invasive meth-
ods are currently not available to assess in clinical practice
the qualitative aspects of bone [15]. So, this has stimulated
the interest for other techniques able to estimate the bone
status and the risk of fragility fracture [21]. In the last two
decades, the use of quantitative ultrasound, which evaluates
bone characteristics and uses ultrasonic wave attenuation
and reflection, has been considered an interesting method
because of its low cost, the absence of ionizing radiation
and the portability. For these characteristics, QUS could
have represented some advantages compared to the DXA
technique [15].

At present, only few studies have been carried out in AN
patients using different QUS devices that evaluated QUS
parameters at calcaneus [22-24]. These latter studies have
produced quite discordant results also because calcaneal
edema frequent in AN patients, has been shown to interfere
with QUS parameters [25]. Furthermore, the fact that QUS
measurements can only be carried out at peripheral skeletal
sites and that many devices are available, each differing from
another for measurement techniques and parameters, limit
the use of bone ultrasonography as a clinical diagnostic tool
[15].

The recent introduction of an innovative non-ionizing
technology based on the analysis of the raw unfiltered
ultrasound signal and called Radiofrequency echographic
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The average difference (expressed as bias = 2 SDs) was 0.012 = 0.350 g/cm? for lumbar spine (Fig. A)

and - 0.080 = 0.288 g/cm? for total hip (Fig. B).

Fig.3 Bland—Altman plot for comparison of BMD by REMS and BMD by DXA measurements for young women with anorexia nervosa at lum-

bar spine (A) and at total hip (B)
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Fig.4 BMD-LS (A) and BMD-TH (B) by DXA and REMS technique in young women with anorexia nervosa with fracture or without vertebral

fracture

multispectrometry (REMS) could overcome the limits of
QUS in the assessment of bone status in subjects with AN.
In particular, REMS technology is able to evaluate BMD at
the level of axial skeletal sites (i.e., lumbar spine, total hip
and femoral neck) and has characteristics of accuracy and
reproducibility similar to those of DXA [16, 17]. Recently,

a European multicentre study, conducted on 4307 women
aged between 30 and 90, showed a very high correlation
between DXA and REMS measured BMD and T-score;
moreover, REMS demonstrated excellent performance in
identifying patients with osteoporosis with sensitivity and
specificity values over 90% for both the femoral sites and

@ Springer
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the lumbar spine [26]. Furthermore, a longitudinal study
conducted on an Italian female population based sample
reported that REMS derived BMD was able to predict the
risk of incident fragility fractures no less than BMD by
DXA [17]. On the basis of these characteristics, REMS
technique may represent a valid option for monitoring the
bone status in patients suffering from anorexia nervosa.
It is known that AN subjects present rapid and relevant
changes in their BMD both during the periods of weight
loss and in those of weight gaining. Moreover, many ano-
rexic women have a condition of bone fragility and an
increased risk of fracture for life; therefore they need serial
measurements of their BMD which would be preferable to
perform with a technique without ionizing radiation such
as REMS, especially during the fertile age and in case of
pregnancy and breastfeeding [9]. In addition to the reduc-
tion of BMD, bone involvement in patients with AN is
characterized by several structural defects (such as reduced
cortical thickness at the radius and femur, increased bone
marrow fat, alterations of the microarchitecture) which lead
to worsening of bone strength and increased risk of fragil-
ity fractures [2, 8]. One of the most interesting points of
the REMS approach is represented by the fact that this
technique seems to have the potential to identify param-
eters other than BMD linked to qualitative and structural
characteristics of bone [19, 27]. Although currently there
are no data available to hypothesize that REMS can provide
information on bone quality alterations in AN, the fact that
in this study only BMD-TH by REMS was significantly
lower in women with AN and previous vertebral fracture
with respect to those without fracture may be interesting
and represents a stimulus for future research in this field.
This study presents some limitations. First, the rather
small number of anorexic women included in the study.
Second, the cross-sectional nature of the study does not
allow establishing of any causality relationships between
parameters. The study also presents some strengths. First,
the presence of a control group of healthy women compa-
rable for age; second, the fact that this is a single-center
study and all instrumental investigations were performed
by two experienced operators. Furthermore, this study may
be considered as a model for future studies on the potential
advantages offered by the REMS technique to improve the
diagnosis of osteoporosis and to monitor longitudinally
throughout life (including pregnancy and breastfeeding)
young women with other chronic diseases at high risk of
fracture (i.e., type 1 diabetes mellitus, celiac disease, osteo-
genesis imperfecta, inflammatory bowel diseases, etc.).

In conclusions, the results of this preliminary study sug-
gest that REMS technology may represent a useful and safe
approach to evaluate and to monitor longitudinally bone
status in young women with AN. Further studies are war-
ranted to confirm these preliminary data and to establish

@ Springer

new REMS-based parameters related to bone quality which
may improve the prediction of fracture risk in AN patients.

What is already known in this subject?

Anorexia Nervosa negatively impact bone tissue with mul-
tiple mechanisms (reduced BMD, impaired bone formation,
alterations in microarchitecture) leading to a reduction in
bone strength and an increased fragility fracture risk. None
methods used up to now have been completely satisfactory
for the evaluation and monitoring bone status in AN young
women.

What your study adds?

The non-ionizing REMS technique due to its characteristic
of precision and reproducibility may represent an important
tool for the evaluation of the changes in bone status in AN
young women, especially during the fertile age and in case
of pregnancy and breastfeeding.

Author contributions CC and AA wrote the manuscript. CC and SG
analyzed and interpreted the data. CC, AA, MD, MDTM designed the
study and contributed to data collection and interpretation. GS, AG and
AF revised the manuscript.

Funding Open access funding provided by Universita degli Studi di
Siena within the CRUI-CARE Agreement. The authors declare that no
funds, grants, or other support were received during the preparation of
this manuscript.

Declarations

Conflict of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
The study was approved by the Institutional Review Board of Siena
University Hospital.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/

Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2022) 27:3207-3213

3213

References

10.

11.

12.

13.

14.

15.

American Psychiatric Association (2013) Diagnostic and statisti-
cal manual of mental disorders, 5th edn. American Psychiatric
Association, Arlington

Hung C, Muifioz M, Shibli-Rahhal A (2021) Anorexia nervosa
and osteoporosis. Calcif Tissue Int. https://doi.org/10.1007/
500223-021-00826-3

Lawson EA, Donoho D, Miller KK, Misra M, Meenaghan E, Lyd-
ecker J, Wexler T, Herzog DB, Klibanski A (2009) Hypercorti-
solemia is associated with severity of bone loss and depression
in hypothalamic amenorrhea and anorexia nervosa. J Clin Endo-
crinol Metab 94:4710-4716. https://doi.org/10.1210/jc.2009-1046
Wojcik MH, Meenaghan E, Lawson EA, Misra M, Klibanski A,
Miller K (2010) Reduced amylin levels are associated with low
bone mineral density in women with anorexia nervosa. Bone
46:796-800. https://doi.org/10.1016/j.bone.2009.11.014

Misra M, Miller KK, Cord J, Prabhakaran R, Herzog DB, Gold-
stein M, Katzman DK, Klibanski A (2007) Relationships between
serum adipokines, insulin levels, and bone density in girls with
anorexia nervosa. J Clin Endocrinol Metab 92:2046-2052. https://
doi.org/10.1210/jc.2006-2855

Lawson EA, Donoho DA, Blum JI, Eenaghan EM, Misra M, Her-
zog DB, Sluss PM, Miller KK, Klibanski A (2011) Decreased
nocturnal oxytocin levels in anorexia nervosa are associated with
low bone mineral density and fat mass. J Clin Psychiatry 72:1546—
1551. https://doi.org/10.4088/JCP.10m06617

Utz AL, Lawson EA, Misra M, Mickley D, Gleysteen S, Herzog
DB, Klibanski A, Miller KK (2008) Peptide YY (PYY) levels and
bone mineral density (BMD) in women with anorexia nervosa.
Bone 43:135-139. https://doi.org/10.1016/j.bone.2008.03.007
Faje AT, Karim L, Taylor A, Lee H, Miller KK, Mendes N, Meen-
aghan E, Goldstein MA, Bouxsein ML, Misra M, Klibanski A
(2013) Adolescent girls with anorexia nervosa have impaired cor-
tical and trabecular microarchitecture and lower estimated bone
strength at the distal radius. J Clin Endocrinol Metab 98:1923—
1929. https://doi.org/10.1210/jc.2012-4153

Lucas AR, Melton LJ 3rd, Crowson CS, O’Fallon WM (1999)
Long-term fracture risk among women with anorexia nervosa:
a population-based cohort study. Mayo Clin Proc 74:972-977.
https://doi.org/10.4065/74.10.972

Misra M, Klibanski A (2014) Endocrine consequences of anorexia
nervosa. Lancet Diabetes Endocrinol 2:581-592. https://doi.org/
10.1016/S2213-8587(13)70180-3

Rigotti NA, Neer RM, Skates SJ, Herzog DB, Nussbaum SR
(1991) The clinical course of osteoporosis in anorexia nervosa. A
longitudinal study of cortical bone mass. JAMA 265:1133-1138
Frglich J, Winkler LA, Abrahamsen B, Bilenberg N, Hermann
AP, Stgving RK (2020) Fractures in women with eating disorders-
Incidence, predictive factors, and the impact of disease remission:
cohort study with background population controls. Int J Eat Dis-
ord 53:1080-1087. https://doi.org/10.1002/eat.23223

Workman C, Blalock DV, Mehler PS (2020) Bone density sta-
tus in a large population of patients with anorexia nervosa. Bone
131:115161. https://doi.org/10.1016/j.bone.2019.115161

Faje AT, Fazeli PK, Miller KK, Katzman DK, Ebrahimi S, Lee
H, Mendes N, Snelgrove D, Meenaghan E, Misra M, Klibanski
A (2014) Fracture risk and areal bone mineral density in adoles-
cent females with anorexia nervosa. Int J Eat Disord 47:458—466.
https://doi.org/10.1002/eat.22248

Diez-Perez A, Brandi ML, Al-Daghri N, Branco JC, Bruyere O,
Cavalli L, Cooper C, Cortet B, Dawson-Hughes B, Dimai HP,
Gonnelli S, Hadji P, Halbout P, Kaufman JM, Kurth A, Locquet
M, Maggi S, Matijevic R, Reginster JY, Rizzoli R, Thierry T
(2019) Radiofrequency echographic multi-spectrometry for the

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

in-vivo assessment of bone strength: state of the art-outcomes of
an expert consensus meeting organized by the European Society
for Clinical and Economic Aspects of Osteoporosis, Osteoarthri-
tis and Musculoskeletal Diseases (ESCEO). Aging Clin Exp Res
31:1375-1389. https://doi.org/10.1007/s40520-019-01294-4

. Di Paola M, Gatti D, Viapiana O, Cianferotti L, Cavalli L, Caf-

farelli C, Conversano F, Quarta E, Pisani P, Girasole G, Giusti
A, Manfredini M, Arioli G, Matucci-Cerinic M, Bianchi G, Nuti
R, Gonnelli S, Brandi ML, Muratore M, Rossini M (2019) Radi-
ofrequency echographic multispectrometry compared with dual
X-ray absorptiometry for osteoporosis diagnosis on lumbar spine
and femoral neck. Osteoporos Int 30:391-402. https://doi.org/10.
1007/s00198-018-4686-3

Adami G, Arioli G, Bianchi G, Brandi ML, Caffarelli C, Cianfer-
otti L, Gatti D, Girasole G, Gonnelli S, Manfredini M, Muratore
M, Quarta E, Quarta L et al (2020) Radiofrequency echo-graphic
multi spectrometry for the prediction of incident fragility frac-
tures: a 5-year follow-up study. Bone 134:115297. https://doi.org/
10.1016/j.bone.2020.115297

Conversano F, Franchini R, Greco A, Soloperto G, Chiriaco F,
Casciaro E, Aventaggiato M, Renna MD, Pisani P, Di Paola M,
Grimaldi A, Quarta L, Quarta E, Muratore M, Laugier P, Casciaro
S (2015) A novel ultrasound methodology for estimating spine
mineral density. Ultrasound Med Biol 41:281-300. https://doi.
org/10.1016/j.ultrasmedbio.2014.08.017

. Caffarelli C, Tomai Pitinca MD, Al Refaie A, Ceccarelli E,

Gonnelli S (2021) Ability of Radiofrequency echographic mul-
tispectrometry to identify osteoporosis status in elderly women
with type 2 diabetes. Aging Clin Exp Res. https://doi.org/10.1007/
$40520-021-01889-w

International Society for Clinical Densitometry Official positions-
adult (2019) http://www.iscd.org/official-positions/2019-iscd-offic
ial-positions-adult/. Accessed 1 Dec 2021

Jiang N, Xia W (2018) Assessment of bone quality in patients with
diabetes mellitus. Osteoporos Int 29:1721-1736. https://doi.org/
10.1007/s00198-018-4532-7

Maimoun L, Renard E, Huguet H, Lefebvre P, Boudousq V,
Mahadea K, Picot MC, Doré R, Philibert P, Seneque M, Gaspari
L, Courtet P, Sultan C, Sultan A, Laux D, Guillaume S, Mariano-
Goulart D (2021) The quantitative ultrasound method for assess-
ing low bone mass in women with anorexia nervosa. Arch Osteo-
poros 16(1):13. https://doi.org/10.1007/s11657-020-00870-w
Johansen A, Stone MD (1997) The effect of ankle oedema on bone
ultrasound assessment at the heel. Osteoporos Int 7:44—47. https://
doi.org/10.1007/BF01623459

Resch H, Newrkla S, Grampp S, Resch A, Zapf S, Piringer S,
Hockl A, Weiss P (2000) Ultrasound and X-ray-based bone den-
sitometry in patients with anorexia nervosa. Calcif Tissue Int
66:338-341. https://doi.org/10.1007/s002230010070
Oswiecimska J, Ziora K, Pluskiewicz W, Geisler G, Broll-Waska
K, Karasek D, Dyduch A (2007) Skeletal status and laboratory
investigations in adolescent girls with anorexia nervosa. Bone
41:103-110. https://doi.org/10.1016/j.bone.2007.03.018

Cortet B, Dennison E, Diez-Perez A, Locquet M, Muratore M,
Nogués X, Ovejero Crespo D, Quarta E (2021) Radiofrequency
echographic multi spectrometry (REMS) for the diagnosis of
osteoporosis in a European multicenter clinical context. Bone
143:115786. https://doi.org/10.1016/j.bone.2020.115786

Greco A, Pisani P, Conversano F, Soloperto G (2017) Ultrasound
fragility score: an innovative approach for the assessment of bone
fragility. Measurement 101:236-242. https://doi.org/10.1016/j.
measurement.2016.01.033

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00223-021-00826-3
https://doi.org/10.1007/s00223-021-00826-3
https://doi.org/10.1210/jc.2009-1046
https://doi.org/10.1016/j.bone.2009.11.014
https://doi.org/10.1210/jc.2006-2855
https://doi.org/10.1210/jc.2006-2855
https://doi.org/10.4088/JCP.10m06617
https://doi.org/10.1016/j.bone.2008.03.007
https://doi.org/10.1210/jc.2012-4153
https://doi.org/10.4065/74.10.972
https://doi.org/10.1016/S2213-8587(13)70180-3
https://doi.org/10.1016/S2213-8587(13)70180-3
https://doi.org/10.1002/eat.23223
https://doi.org/10.1016/j.bone.2019.115161
https://doi.org/10.1002/eat.22248
https://doi.org/10.1007/s40520-019-01294-4
https://doi.org/10.1007/s00198-018-4686-3
https://doi.org/10.1007/s00198-018-4686-3
https://doi.org/10.1016/j.bone.2020.115297
https://doi.org/10.1016/j.bone.2020.115297
https://doi.org/10.1016/j.ultrasmedbio.2014.08.017
https://doi.org/10.1016/j.ultrasmedbio.2014.08.017
https://doi.org/10.1007/s40520-021-01889-w
https://doi.org/10.1007/s40520-021-01889-w
http://www.iscd.org/official-positions/2019-iscd-official-positions-adult/
http://www.iscd.org/official-positions/2019-iscd-official-positions-adult/
https://doi.org/10.1007/s00198-018-4532-7
https://doi.org/10.1007/s00198-018-4532-7
https://doi.org/10.1007/s11657-020-00870-w
https://doi.org/10.1007/BF01623459
https://doi.org/10.1007/BF01623459
https://doi.org/10.1007/s002230010070
https://doi.org/10.1016/j.bone.2007.03.018
https://doi.org/10.1016/j.bone.2020.115786
https://doi.org/10.1016/j.measurement.2016.01.033
https://doi.org/10.1016/j.measurement.2016.01.033

	Radiofrequency echographic multispectrometry (REMS): an innovative technique for the assessment of bone status in young women with anorexia nervosa
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Level of evidence 

	Introduction
	Methods
	Study population
	Biochemical parameters
	Bone mineral density measurement
	Statistical analysis

	Results
	Discussion
	What is already known in this subject?
	What your study adds?

	References




