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Usefulness of phalangeal quantitative ultrasound
in identifying reduced bone mineral status and increased
fracture risk in adolescents with Turner syndrome
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ABSTRACT

OBJECTIVE. Bone health is a major concern in patients with Turner syndrome (TS). There
are few studies assessing bone mineral status in TS adolescents and none have reported a clear
relationship with the risk of fracture. We assessed bone mineral status at three different skeletal
sites by two different densitometric techniques in a group of TS adolescents. DESIGN. In 24
TS adolescents (17.1+3.1 years) we evaluated lumbar and femoral volumetric bone mineral
density (vBMD) with dual energy X-ray absorptiometry (DXA), amplitude-dependent speed of
sound (AD-SoS) and bone transmission time (BTT) with phalangeal quantitative ultrasound
(QUS). RESULTS. Mean lumbar vBMD Z-score was normal, while mean femoral vBMD, AD-
SoS and BTT Z-score were reduced. 8/24 (33.3%) and 13/24 (54.2%) girls had AD-SoS and BTT
<-2 Z-score, respectively, while lumbar vBMD and femoral vBMD were <-2 Z-score only in 2/24
(8.4%) and 1/24 (4.2%) patients. Overall, we documented 15 fractures (three pathological) in
8 girls. Patients who reported at least one fracture had lower AD-SoS and BTT Z-score values
than fracture-free girls. The presence of a value of BTT <-2.0 Z-score was associated with a
significant OR of positive history of fracture of 11.67 (¢>*=5.906, p =0.015, C.1. 95% 1.14-119.54).
Lumbar and femoral vBMD were not related to fracture risk. CONCLUSIONS. TS adoles-
cents may have impaired bone mineral status in skeletal sites with predominant cortical bone.
Phalangeal QUS represents a useful method to identify subjects with increased fracture risk.
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factors as hypogonadism,® chromosomal alterations
(mosaicism)® and Short stature HOmeoboX (SHOX)-
related haploinsufficiency disorders’® can affect bone
mass and geometry in TS girls. Recent studies have
confirmed an intrinsic oestrogen-independent defect
of bone mass and geometry mainly in skeletal sites
with a higher content of cortical bone, such as the
femoral neck and long bones.”'? Conversely, it was
observed that TS patients receiving appropriate oes-
trogen treatment usually showed normal trabecular
BMD after adjusting for body size.*!” In addition to
Hormonal Replacement Therapy (HRT), Growth
Hormone (GH) administration is considered standard
treatment for TS girls, but the role of GH in promoting
bone accrual has not yet been completely defined.'®*

Several studies reported in TS patients an increase
in fracture prevalence and risk that was higher dur-
ing childhood and after the age of 45.4?! Fractures
occurred mainly in skeletal sites consisting predomi-
nantly of cortical bone, often after a high or medium
force trauma.?>* However, the most recently published
guidelines for the care of girls and women with TS do
not recommend BMD assessment during childhood
and/or adolescence.? It must be stressed that there
is, as yet, no definition of when the defect in bone
mass acquisition starts and whether early recognition
could improve bone health. Quantitative ultrasound
(QUS) is a densitometric technique of particular
interest during paediatric age because it is easy to
perform, non-invasive and radiation-free. At present,
data on bone mineral status in TS girls assessed by
QU are lacking.

The aim of this study was to evaluate bone min-
eral status in adolescent girls with TS by two differ-
ent densitometric techniques, DXA and phalangeal
QUS, and to assess whether a reduced bone status
was related to the history of fracture.

MATERIALS AND METHODS

Patients

Twenty-four Caucasian Italian girls with TS aged
17.1%£3.1 years (range 8.7-19.9) were referred as out-
patients to the Division of Paediatric Endocrinology
of the University of Pisa, Italy. The diagnosis of TS
was made by karyotyping (45X n=13; deletion n=3;
mosaic n=8). Clinical details are summarized in Table 1.

Table 1. Clinical findings in TS girls and in controls

Mean * SD (range)
8.9 +3.1(0.1-14.1)
Age at start of GH therapy, years 24 9.3 £ 2.9 (2.0-14.2)
Age at start of HRT, years 21 134 +0.8(12.0-15.0)
Duration of GH therapy, years ~ 24* 6.9 + 2.8 (2.4-12.0)

Turner syndrome girls n

Age at diagnosis, years 24

Duration of HRT, years 21 46x19(09-7.2)
Stature, Z-score 24 -1.8 £ 0.8(-3.3;-0.3)
BMI, Z-score 2409 =0.9(-0.6;3.2)

* 15 girls had stopped GH therapy from 1.4 * 0.7 years (range
0.1-2.5)

GH: growth hormone; HRT: hormone replacement therapy;
BMI: body mass index.

None of the patients was affected by any other
disease known to be associated with abnormal bone
mineral status. Two patients, affected by autoimmune
thyroiditis, had normal blood levels of thyroid hor-
mones. There were no contraindications to patients
taking part in non-competitive sport activities. Hu-
man recombinant GH was administered at a dosage
of 0.330-0.375 mg/Kg/week.? Pubertal development
was induced in 21 patients with conjugate oestrogens
at a dosage of 0.3 mg daily for 6 months, followed by
0.625 mg daily. From the second year, cyclic HRT was
started (conjugate oestrogens 0.625 mg daily for 21
days, adding progesterone for 10 days/cycle). The re-
maining three girls were too young to induce puberty.

Study design

In all the girls we evaluated lumbar and femoral
BMD by DXA and phalangeal amplitude-dependent
speed of sound (AD-SoS) and bone transmission
time (BTT) by QUS to assess bone mineral status.

Lumbar and femoral BMD of patients were com-
pared with appropriate age-reference values for the
girls, which were obtained with the same DXA ap-
paratus and software.”* Phalangeal AD-SoS and
BTT results were compared with our own reference
data for QUS.”

Standing height and body weight of all the patients
were measured with a wall-mounted stadiometer and
a mechanical balance. In each patient, both length
and weight were the mean of three measurements.
Body Mass Index (BMI) was calculated using the
formula weight (Kg)/height (m)?. Height, weight and
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BMI were expressed as Z-score according to the LMS
method of Cole et al.*®

Written informed consent to the study for all the
enrolled girls was obtained from parents or from
the girls as requested. The study was approved by
the Ethics Committee for Human Investigation at
our Institution.

Assessment of bone mineral status
and prevalence of fracture

Lumbar and femoral areal BMD (aBMD) were
measured by postero-anterior DXA (Lunar DPX-L,
Lunar Radiation Corp., Madison, WI, USA) at both
the lumbar spine (L2-L4) and femoral neck. Since
TS phenotype is characterized by short stature'® and
DXA is a two-dimensional technique influenced by
bone dimensions, smaller bones have lower aBMD.?
Thus we calculated lumbar and femoral BMDvol-
ume (VBMD) according to Kroger et al*® to reduce
the confounding effect of the small vertebrae and
femoral neck of TS girls in BMD assessment. The
coefficient of precision, in vivo, was less than 1.0%
for both lumbar aBMD and vBMD, and 2.3% for
femoral aBMD and vBMD.*

QUS (DBM Sonic, IGEA, Carpi, Modena, Italy)
was carried out as previously described.”” AD-SoS is
a QUS variable reflecting the speed of sound (m/s)
through the proximal phalanx.”® BTT (us) derives
from the difference between the time when the first
peak of the signal received reaches its maximum
and the time that would be measured if no bone but
only soft tissue were present between the transduc-
ers. Thus, BTT is largely independent of ultrasound
attenuation and soft tissue bias and it depends only
on bone properties.*? The final result is the average
AD-SoS and BTT over four fingers (digit II- V). All
the QUS measurements were carried out by the same
operator on the non-dominant hand. The coefficients
of precision, in vivo, were 0.8% and 1.5% for AD-SoS
and BTT, respectively.?’

Examination of non-dominant wrist and hand
X-rays routinely performed in TS girls allowed us to
exclude the presence of phalangeal bone deformities
that could influence QUS measurement.

Low bone mineral status was defined in the pres-
ence of at least one densitometric parameter <-2.0

Z-score among lumbar vBMD, femoral vBMD, AD-
SoS or BTT.

For all patients, frequency, severity of injury and
sites of fractures were recorded by a questionnaire.
The sites of fractures were confirmed by examin-
ing the plain radiographs and/or the X-ray medical
reports. We classified fractures as spontaneous (no
recognizable trauma) or traumatic according to the
Landin severity scale.” Multiple fractures of the
small bones of the hand or foot were recorded as one
fracture regardless of the number of fractured bones.
Fracture prevalence was defined as the percentage
of patients who had at least one fracture from birth
to the time of assessment.

Statistical analysis

The results are expressed as mean *+ SD. Com-
parison of mean Z-scores of densitometric variables
with the hypothetical mean of 0.0 was performed by
one sample t test. Comparison of auxological and
densitometric data according to the history of fracture
was assessed by the non-parametric Mann-Whitney
test. Fisher’s exact test was used to compare groups
of categorical variables. Odds ratios (OR) between
bone mineral status and history of fracture were
evaluated by the chi-square test. Spearman correlation
coefficients were adopted to explore the relationship
between densitometric variables and age at diagno-
sis, age at start of HRT or GH therapy, duration of
HRT or GH therapy. All statistical analyses were
carried out using the SPSS (Statistical Package of
Social Sciences, Chicago, IL, USA) for Windows
software program version 19.0. A p value <0.05 was
considered significant.

RESULTS

Lumbar aBMD, femoral aBMD and vBMD Z-
scores were significantly reduced in comparison with
the hypothetical mean of 0.0 (-1.2%1.1, p<0.001;
-1.4=0.9, p<0.001; -0.7%1.0, p=0.001, respective-
ly), while mean lumbar vBMD Z-score was normal
(-0.3%0.9, p=0.105). AD-SoS and BTT Z-scores were
significantly reduced (-1.4+1.2, p<0.001; -1.8%+1.1,
p<0.001, respectively).

Overall, 14/24 (58.3%) girls had low bone mineral
status. Lumbar BMD, femoral BMD, AD-SoS and
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BTT were <-2 Z-score in 2/24 (8.4%), 1/24 (4.2%),
8/24 (33.3%) and 13/24 (54.2%) girls, respectively.

Eight patients with TS had at least one fracture
(prevalence of fracture 33.3%). In particular, 3 patients
reported 1 fracture, 4 patients 2 fractures and 1 patient
4 fractures. Overall, we documented 15 fractures, 3
of which were spontaneous (1 patient fractured her
right tibial distal metaphysis while walking; 1 patient
fractured her right foot twice, the first time while she
was climbing stairs and the second while walking).
All fractures involved the appendicular skeleton
(radial or tibial distal metaphysis), but not vertebral
or femoral sites.

We did not find significant differences between
fractured and fracture-free patients as regards auxo-
logical parameters, age at start and duration of GH
therapy and HRT (Table 2).

DXA parameters did not differ between the two
groups and resulted in the normal range for age and
sex-matched reference data in 7/8 (87.5%) girls with a
positive history of fracture. However, QUS parameters
were significantly lower in patients who had at least
one fracture than in fracture-free patients.

In girls with a positive history of fracture, AD-

SoS and BTT were <-2.0 Z-score in 5/8 (62.5%) and
7/8 (87.5%), respectively. Only one TS girl with a
positive history of fracture showed a normal QUS. In
particular, the two patients with a history of sponta-
neous fractures showed values of both AD-SoS and
BTT Z-score <-2.0 while having lumbar and femoral
vBMD values in the normal range.

In TS girls with a negative history of fracture, AD-
SoS and BTT were <-2.0 Z-score in 3/16 (18.8%; p =
0.065 vs fractured girls) and 6/16 (37.5%, p = 0.036
vs fractured girls), respectively.

The presence of a value of BTT <-2.0 Z-score was
associated with a significant OR of positive history
of fracture of 11.67 (%* = 5.906, p = 0.015, C.1. 95%
1.14-119.54). In contrast, DXA variables were not
associated with history of fracture (data not shown).

Bone mineral status did not differ in relation to
karyotype (data not shown). Densitometric param-
eters did not correlate with age at diagnosis, age at
start of HRT or GH therapy, duration of HRT or
GH therapy (data not shown).

DISCUSSION

Bone health is a major concern for women with

Table 2. Anthropometric and densitometric evaluation according to the history of fractures

Unfractured (n = 16) Fractured (n = 8) p
Mean * SD Mean * SD
Age at diagnosis, years 8834 9+125 0.878
Age at start GH therapy, years 92+31 93=x125 0.759
Age at start HRT, years 135 €09 (n=13) 13107 0.363
Duration of GH therapy, years 6.5 = 2.8% 7.8 £ 2.7** 0.298
Duration of HRT, years 4119 (n =13) 5317 0.103
Age at densitometric evaluation, years 16.9 £3.5 17323 0.927
Stature at densitometric evaluation, Z-score 17209 -1.9+0.6 0.539
BMI at densitometric evaluation, Z-score 0.8=09 1.1+09 0.623
Lumbar aBMD, Z-score 1111 1511 0.408
Lumbar vBMD, Z-score -0.3+09 03=x1 0.951
Femoral aBMD, Z-score -1.3x£05 -1.8+£13 0.230
Femoral vBMD, Z-score -0.7+£0.7 -08+1.6 0.644
AD-SoS, Z-score 11213 2.1 x0.6 0.021
BTT, Z-score 1411 2405 0.023

* 8 girls had stopped GH therapy from 1.3 + 0.6 years (range 0.1-2.1).
*#* 7 girls had stopped GH therapy from 1.6 = 0.8 years (range 0.6-2.5).
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TS.>*3* This study assessed bone mineral status in a
group of adolescents with TS at three different skel-
etal sites by two different densitometric techniques.
Our results confirmed that TS girls had an impaired
bone mineral status in skeletal sites with predominant
cortical bone such as femoral neck and phalanges.
Moreover, TS adolescents with BTT <-2.0 Z-score had
a 12-fold increased OR of positive history of fracture,
highlighting the importance of QUS evaluation in TS
during adolescence.

TS patients have a slightly increased risk of frac-
tures than subjects with normal karyotype, particularly
during childhood and after the age of 45.4?! Fractures
are generally caused by high or medium force trauma
and involve the appendicular skeleton which consists
predominantly of cortical bone.” The assessment of
fracture prevalence in TS subjects is based mainly
on retrospective studies, most of which were carried
out on a mixed population of children, adolescents
and adults. Available studies reported a wide range
of fracture prevalence, ranging from 10% to more
than 509%.%+%10.1421.233538 Qply three studies enrolled
exclusively children and adolescents and in two the
prevalence of fracture was 21%" and 27%,’ a figure
similar to our own results. Interestingly, both the
studies reported a reduced cortical vBMD at the
proximal radius measured by peripheral Quantita-
tive Computed Tomography (pQCT). In particular,
Soucek and colleagues' found that girls with a positive
history of fractures had a lower total vBMD at the
radial metaphysis compared with non-fractured TS
girls. This finding is in agreement with our own results
that showed a lower phalangeal bone mineral status
by QUS in girls having a positive history of fracture.

We confirmed that adolescents with TS had a
normal lumbar vBMD and a reduced vBMD at the
femoral neck. Previous studies showed that GH- and
HRT-treated patients had normal lumbar BMD by
DXA, suggesting that the axial trabecular bone was
preserved in young adults with TS.%1313

On the other hand, skeletal sites with predomi-
nantly cortical bone had a reduced BMD measured
by DXA, pQCT and QUS.*'#%¥* Recently, Hansen
and colleagues, using high-resolution pQCT, observed
that adult TS women (mean age 35 years, range 20-
61) also had defective trabecular micro-architecture

at the distal radius and tibia compared to healthy
adults.* Since proximal phalanges of the hands contain
both cortical (~60%) and trabecular bone (~40%),
phalangeal QUS evaluation appears of considerable
benefit as it gives integrate information on bone
health in TS girls.*! The present study is the first
using phalangeal QUS to assess bone mineral status
in these patients. This technique has the advantage
of measuring BTT that reflects the bone properties
independently of the confounding effect of soft tis-
sues.* This aspect is particularly useful in girls with
TS, who often have an excess of adipose tissue that
could affect densitometric assessment.*? In addition,
QUS measurement also provides information on
bone architecture, elasticity and particularly bone
quality.* Our results are in agreement with the study
of Zuckerman-Levin and colleagues performed in
27 girls and women with TS (age range 11-39 years).
Using QUS, the authors found a reduced radial and
tibial SoS Z-score in comparison with control subjects
matched for age or height, due to a selective defect
in cortical bone in TS.*®

One important question is at what age bone min-
eral status starts to be affected in TS patients. Our
observation that phalangeal QUS was reduced during
adolescence suggests that factors affecting bone sta-
tus were already operative at a younger age, possibly
before puberty. Recently, Soucek and colleagues
performed pQCT of the forearm in 24 prepubertal
TS girls (mean age 10.3 years) and in 10 prepubertal
children with isolated SHOX deficiency. Both groups
had similar alteration in bone geometry (increased
total bone area, decreased relative cortical bone area
and thin cortex at the proximal radius) with normal
radial bone strength, confirming that an intrinsic
oestrogen-independent genetic alteration (loss of one
copy of SHOX) causes the particular bone phenotype
of TS, already present in prepubertal age.® Prospective
studies are needed to evaluate whether this altered
bone geometry may determine an increase in fracture
risk after puberty and in adulthood.

Having in mind the above observation and consider-
ing that: a) QUS is an easy to use, radiation-free and
portable technique particularly appropriate during
paediatric age and for long-term follow-up;**b) our
findings show that phalangeal QUS may be useful as
pQCT in assessing bone health in children and ado-
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lescents with TS; ¢) we and others found that fractures
most frequently occurred during the peripubertal pe-
riod.*!* We thus recommend that bone mineral status
be routinely assessed by phalangeal QUS in TS girls
during the pediatric age, starting before the onset of
puberty. The identification of TS patients with a low
bone mineral status may help in correcting modifiable
risk factors such as vitamin D status, calcium intake
and physical activity to improve bone health. The
presence of two girls in our series who suffered from
spontaneous fractures, a finding reported by another
paediatric series,'” highlights the importance of early
detection of patients at increased risk of fractures.

Similarly to our results, other recent paediatric
studies reported an association between phalangeal
QUS variables and bone health. A recent study con-
ducted in 1,719 children and adolescents with bone
disorders showed that phalangeal QUS was able to
identify fractured patients, reflecting the severity
of the causative trauma with a high discrimination
power for fragility fractures.* Mussa and colleagues
reported that a BTT decreasing more than 1 Standard
Deviation over 6 months was able to predict skeletal
complication occurrence in children treated for acute
lymphoblastic leukemia.*

Our study presents some limitations. The number
of TS girls enrolled in the present study was small,
but comparable with the population examined in
previous studies performed in paediatric subjects.
At the time of evaluation the patients had been on
GH administration and HRT for a variable period
of time, possibly affecting the correlations between
bone mineral status and treatments. SHOX haploin-
sufficiency may affect skeletal growth, thus TS girls
differ in body size from normal subjects, perhaps
influencing the comparison of densitometric evalu-
ation with reference data. Finally, we performed a
retrospective study, thus we were unable to assess
other factors that could influence bone mass accrual
such as physical activity, vitamin D status and dietary
calcium intake.

In conclusion, we found that TS adolescents may
have impaired bone mineral status. Since TS patients
with BTT <-2 Z-score had a significantly increased
OR of fracture, it seems reasonable to assess bone
mineral status in TS during paediatric age by phalan-

geal QU for early detection of subjects at increased
risk of fracture. Prospective studies on larger pae-
diatric series are needed to confirm our results and
to study new strategies and treatments to preserve
bone health in TS.
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