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The bone densitometry is normal in Turner syndrome prepubertal patients after
height age correction

Abstract
Objectives: to evaluate the bone mass in prepubertal patients with Turner Syndrome (TS)

according to height age (HA) and verify the influence of karyotype and adiposity.
Methods: retrospective and analytical study of prepubertal TS patients. The variables

analyzed were: karyotype, age at bone densitometry (BD), height, body mass index (BMI) and
BD result. The result of the BD was corrected using HA. BMI and BD were calculated on Z
score for chronological age (CA) and for HA.

Results: thirty-seven prepubertal patients were selected and after exclusion criteria, 13
cases between 10 and 13 years old were included in the study. The BD for HA was signifi-
cantly higher than for CA (0.39 ± 1.18 x -1.62 ± 1.32), without karyotype (p=0.369) and BMI
(p=0.697) influence.

Conclusion: prepubertal TS patients present normal BD when corrected for HA, without
influence of karyotype and BMI.
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Introduction

Turner Syndrome (TS) is characterized by the pres-
ence of an intact X chromosome and the complete or
partial loss of the second sex chromosome (X or Y)
and is associated with skeletal abnormalities that
include short stature, in addition to other clinical
manifestations such as characteristic physical
features, ovarian failure, early hearing loss, conge-
nital cardiovascular changes, and a higher frequency
of other diseases such as hypothyroidism and celiac
disease.1 It has a prevalence of 1 in every 2,000
female live births.2 45,X monosomy is present in
around 40% to 50% of cases, while the other cases
present mosaicism with one or more additional cell
lines (X or Y) and/or structural alterations (X or
Y).1,3

The etiology and mechanism of bone fragility in
TS have not yet been fully elucidated and may be
associated to intrinsic bone defects induced by chro-
mosomal alteration that are exacerbated by hormonal
factors.2-4 Patients with TS have a 25% increase in
the risk of fractures.5,6 Normal bone architecture is
influenced by the continuous process of bone
modeling and remodeling,5 the regulation of chon-
drocytes is complex and involves endocrine factors
(growth hormone, estrogen, thyroid hormone), and
local/paracrine factors.6

Bone densitometry (BD) using dual-energy X-
ray absorptiometry (DXA) has been used since the
1980s to assess bone mineral content, but it only
analyzes the two-dimensional bone measurement
(g/cm2) and not its actual volume (g/cm3). This is
the most used method worldwide, justified by its
easiness, speed, reproducibility, precision, safety,
low cost, and availability to predict fracture risk.7

In children, the interpretation of the BD must be
performed using the Z-score parameter (it evaluates
the mean of the normal population of the same sex
and age). In patients with short stature, it is neces-
sary to correct the study values for bone age or, as
more recently recommended, for height age.8-10

The diagnosis of low bone mass is made when a
Z-score of less than two standard deviations (< -2.0)
for age is evidenced and, for the diagnosis of osteo-
porosis, it is necessary that the child has fractured
one or more vertebrae in the absence of local disease
or high-energy trauma or having a significant history
of previous fractures associated with low bone
density.11

Several studies have shown that patients with TS
have low BD when evaluated via studies with DXA.
However, the studies have limitations because they
use a two-dimensional method and patients with

short stature, such as in TS, may receive an underes-
timated result with decreased BD, which can be
corrected for height or for volumetric BD
(g/cm3).5,6,12

Bone mineral density (BMD) is believed to be
influenced by modifiable genetic and environmental
factors such as adiposity, hormone levels, sun expo-
sure, blood pressure, physical activity, and diet.13

Therefore, this study aimed to evaluate BD in
patients with TS with correction for age and height
and to verify the interference of karyotype and BMI.

Methods

This is a descriptive and analytical cross-sectional
study and retrospective analysis of medical records
of patients diagnosed with TS, followed at the
Pediatric Endocrinology Outpatient Clinic at the
Teaching Hospital of the University of Campinas
(HC-Unicamp – Portuguese acronym). This outpa-
tient clinic at HC-Unicamp monitors patients with
Turner Syndrome with biannual consultations for
treatment and guidance, seeking to improve their
quality of life with modifiable factors such as diet
and physical activity.

Inclusion criteria were: patients diagnosed with
TS, in the prepubertal stage (aiming to homogenize
the sample, avoiding hormonal interference and the
characteristic events of puberty in bone mass); with
BD evaluation performed at the HC-Unicamp, using
the Hologic Discovery Wi bone densitometer
(S/N83901).

The exclusion criteria were the use of medica-
tions aimed to improve growth (such as growth
hormone) and the presence of chronic disease or use
of medications that could interfere with bone meta-
bolism. 

The diagnosis of TS was confirmed through the
karyotype with evaluation of at least 20 metaphysis.
The variables analyzed were: karyotype, length of
follow-up at the service, age at BD; height and BMI
obtained in the medical appointment closest to the
performance of the BD and the BD result in Z-score.
To evaluate the results without the bias of short
stature, the BD Z-score was corrected using, instead
of chronological age (CA), the height age (HA), that
is, using as age that corresponding to the 50
percentile of the measured height.14

The BMI in Z-score was used to assess adiposity.
SPSS software, version 16.0 was used for data statis-
tical analysis. The mean, standard deviation,
minimum, maximum, median, and interquartile
range of quantitative variables were determined. The
dependent variables were: BD Z-score for CA and
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HA; to compare the results of the Z-score for both
BD-CA and BD-HA, the Wilcoxon test was used. To
compare the distribution of BDs in relation to kary-
otype and BMI, the Mann-Whitney test was used and
the probabilities were calculated using the bootstrap
technique, Monte Carlo method, from 10,000
samples. A 5% significance level was used for
results interpretation.

Results

In this study, 37 patients aged 8–13 years were
selected. Among them, 13 were excluded for not
having undergone any BD at the HC-Unicamp, eight
for having used growth hormone, two patients for
having spontaneous puberty at the time of the BD
assessment, and one patient with an associated diag-
nosis of non-classic Congenital Adrenal Hyperplasia
and uses steroids. Thus, 13 patients were included in
the study, four of whom had more than one BD
assessment. Therefore, exams performed between
the ages of 10 and 13 were selected in order to
homogenize the study. Patients included in the study
had follow-up at the service for an average period of
eight years.

Regarding the chromosomal constitution, six
individuals (46.1%) had 45,X karyotype and seven
(53.8%) had mosaicism with a 46,XX normal
lineage and/or with structural alterations of the X
chromosome. None had Y chromosome intact or not. 
The CA at the time of BD was significantly higher
(p<0.001– Wilcoxon test) compared to HA (12.5 ±
1.05 × 9.05 ± 1.20) (Table 1).

The mean Z-score of the BD-CA was signifi-
cantly lower (p<0.001; Wilcoxon test) than that of
the BD-HA (−1.62 ± 1.32 × 1.39 ± 1.18)(Table
1)(Figure 1).

The mean of the BD-CA Z-score did not differ
significantly (p=0.525; Mann-Whitney test) in rela-

tion to 45,X and other karyotypes (−1.48 ± 1.25 × -
1.74 ± 1.46) (Table 2), the same occurring for BD-
HA (p=0.369 – Mann-Whitney test) (0.70 ± 0.51 ×
0.13 ± 1.54) (Table 2).

The mean of the Z-score of the BD-CA did not
differ significantly (p=0.734; Mann-Whitney test) in
relation to the median (group above vs. group below)
of the BMI Z score (−1.48 ± 0.76 × −1.74 ± 1.72)
(Table 3), the same occurring for BD-HA (p=0.697;
Mann-Whitney test) (0.63 ± 0.46 × 0.19 ± 1.57)
(Table 3).

Discussion

The results found in this study indicate that, although
patients with TS present compromised Z-score of
BD for CA when correction for HA is performed, the
results are within the expected range.

The association between TS and low bone
mineral density/osteoporosis is still controversial in
the literature. The low bone mass found in this group
when evaluated using BD for CA seems to be associ-
ated with short stature, as described in other
studies,6,15 since, when the result was corrected
using HA, no patient was found with low BD. The
same has been described in other studies that
performed the correction of BD for HA.16,17

However, other authors have already reported that
the BD alteration remained even after correction for
HA and suggested that the risk of osteoporosis is
greater in patients with TS due to early ovarian
failure and possibly due to bone alterations resulting
from haploinsufficiency of the gene SHOX.18

In our study, the two groups of karyotypes (45,X
and karyotypes with mosaicism) were compared and
no differences were found regarding the Z-score for
height, BMI and BD results, which is in agreement
with the literature.16,19,20 Short stature in TS can be
largely attributed to the haploinsufficiency of the

Table 1

Distribution of chronological age (CA) and height age (HA) and Bone Densitometry (BD) by CA and HA of 13

prepubertal patients with Turner Syndrome.  

Age (years) BD (Z-score)                

CA                               HA                              CA                                   HA

Average 12.54 9.05 -1.62 0.39

Minimum 10.00 7.40 -3.90 -2.00

Maximum 13.90 11.00 0.70 2.40

Median -1.50 0.70

p 0.001 (teste de Wilconox) <0.001 (teste de Wilconox)
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Figure 1

Distribution of BD-CA and BD-HA in 13 prepubertal patients with Turner Syndrome.

p<0.001  Wilcoxon test probability.
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Table 2

Z-score of bone densitometry for chronological age (CA) and height age (HA) in relation to karyotype. 

Karyotype                                                       Distribution of bone densitometry in relation to karyotype                 

45,X Z_BMD CA* Z_BMD HA**

N 6 6

Average -1.48 0.70

Minimum -2.90 -0.10

Median -1.40 0.80

Maximum 0.70 1.40

Standard deviation 1.25 0.51

Mosaicism

N 7 7

Average -1.74 0.13

Minimum -3.90 -2.00

Median -1.80 0.30

Maximum 0.20 2.40

Standard deviation 1.46 1.54

*p=0.525 (Mann-Whitney test); **p=0.369 (Mann-Whitney test).
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SHOX gene, which has been correlated with short
stature and bone phenotype in TS.3,16,20,21

There are studies that describe an increased risk
of fractures associated with the syndrome, however
with an inconclusive relationship with BD,5,12,21

since they present normal BD Z-score values after
correction for HA, although clinically they present
an increased risk for fractures.16

Although some studies have already demons-
trated a positive relationship between weight and
BMD,22,23,24 in our study with BMI, no difference
was observed between groups with higher or lower
BMI values. These findings are similar to those of
Costa et al.19 Alghadir et al.13 estimate a variation in
bone mineral density (BMD) from 60% to 80%, that
is influenced not only by ethnic and genetic factors,
but also by modifiable environmental factors such as
adiposity, hormone levels, sun exposure, blood pres-
sure, physical activity, and diet. Body weight is a
factor that would have a positive influence on BMD,
although this relationship is not linear, as even in
obese patients, BMD can be compromised.22-24

The limitations of our study were the small
sample and being a retrospective study, and not
having a control group, which was partially compen-
sated by the fact that all BD variables were analyzed
by Z-score.

The strengths of the study were a group of
patients in a limited age group, all prepubescent, and
the fact that, because they were followed by the

same group with specific guidelines on nutrition and
physical activity, some of the factors that could
negatively affect the mass bone were minimized.

There was no confirmed evidence of low bone
mass in this group of patients with TS. Lower BD
values are associated with short stature bias and
when corrected for HA values are within normal
limits. Karyotype and BMI do not modify the BD
result in prepubertal patients with TS.
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Table 3

Distribution of the bone densitometry Z-score in relation to BMI (median cut-off point = 0.61) for CA and HA of 13

prepubertal patients with Turner Syndrome.

Median Z_BMI                                                       Distribution of BD in relation to BMI using as a cutoff 

point the median=0.61 for CA and HA                

>0.61 Z BMD CA* Z BMD HA**

N 6 6

Average -1.48 0.63

Minimum -2.50 -0.10

Median -1.45 0.75

Maximum 0.720 1.20

Standard deviation 0.76 0.46

≤0.61

N 7 7

Average -1.74 0.19

Minimum -3.90 -2.00

Median -1.80 0.40

Maximum 0.70 2.40

Standard deviation 1.72 1.57

*p=0.734 (Mann-Whitney test); **p=0.697 (Mann-Whitney test); BD= bone densitometry; BMI= body mass index;
CA=chronological age; HA= height age.
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