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Abstract Due to the increasing survival of thalassemic

patients, osteopathy is a mounting clinical problem. Low

bone mass alone cannot account for the high fracture risk

described; impaired bone quality has been speculated but

so far it cannot be demonstrated noninvasively. We studied

bone quality in thalassemia major using trabecular bone

score (TBS), a novel texture measurement extracted from

spine dual-energy X-ray absorptiometry (DXA), proposed

in postmenopausal and secondary osteoporosis as an indi-

rect index of microarchitecture. TBS was evaluated in 124

adult thalassemics (age range 19–56 years), followed-up

with optimal transfusional and therapeutical regimens, and

in 65 non-thalassemic patients (22–52 years) undergoing

DXA for different bone diseases. TBS was lower in thal-

assemic patients (1.04 ± 0.12 [range 0.80–1.30]) versus

controls (1.34 ± 0.11 [1.06–1.52]) (p \ 0.001), and cor-

related with BMD. TBS and BMD values correlated with

age, indicating that thalassemia negatively affects both

bone quality and quantity, especially as the patient gets

older. TBS was 1.02 ± 0.11 [0.80–1.28] in the osteopo-

rotic thalassemic patients, 1.08 ± 0.12 [0.82–1.30] in the

osteopenic ones and 1.15 ± 0.10 [0.96–1.26] in those with

normal BMD. No gender differences were found (males:

1.02 ± 0.13 [0.80–1.30], females 1.05 ± 0.11 [0.80–

1.30]), nor between patients with and without endocrine–

metabolic disorders affecting bone metabolism. Our find-

ings from a large population with thalassemia major show

that TBS is a valuable tool to assess noninvasively bone

quality, and it may be related to fragility fracture risk in

thalassemic osteopathy.

Keywords Thalassemia major � Osteoporosis �
Trabecular bone score

Introduction

The conventional transfusional protocols and optimal che-

lation, with new oral chelating drugs, have produced a sig-

nificant change in the clinical features of thalassemia

syndromes. The survival expectation in thalassemia major

patients has significantly increased, but the longer life itself

allowed the appearance of complications closely linked to

the chronic course of the disease. Among them, osteopathy or

osteoporosis–osteopenia syndrome (OSS), characterized by

bone mass reduction and alteration of bone microarchitec-

ture, is very common and has a prominent impact on life

quality linked to the high risk of fragility fractures [1, 2].

Bone mineral density estimate by dual-energy X-ray

absorptiometry (DXA) is currently considered the gold
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standard to define bone involvement, and osteopathy sever-

ity in thalassemic patients is usually stated by interpreting

DXA results similar to post-menopausal population.

However, several studies showed limitations of DXA in

thalassemia [3], and it provides no information about bone

architecture, a well-recognized contributing factor to bone

strength, independent of bone mass. It is well known that

fractures are associated with microarchitecture damage

besides quantitative alteration in several secondary osteo-

porosis conditions [4]; therefore, the evaluation of mic-

roarchitecture seems to be necessary to get adequate

information about bone health.

Trabecular bone score (TBS) is a gray-level texture

measurement based on the use of experimental variograms

of 2D projection images acquired during a DXA lumbar

spine scan. Although not a direct measurement, it has been

demonstrated to be strongly correlated with bone mic-

roarchitecture, regardless of BMD [5], and several studies

documented the added value of TBS in bone mineral

densitometry for fracture risk assessment in postmeno-

pausal osteoporosis [6]. So, this textural index has been

suggested for routine clinical evaluation of bone micro-

architecture in addition to BMD, to subcategorize the

patients according to their level of fracture risk, as those

with low BMD and low TBS seem to present more likely

fractures than patients with low BMD but high TBS [7–9].

TBS values in thalassemia have never been reported; we

hypothesized that TBS can be a useful tool to evaluate bone

quality also in this disease. Therefore, we assessed TBS in

a large group of adult patients with thalassemia major, and

compared them with the values obtained in a control group

of non-thalassemic patients with osteoporosis. We inves-

tigated the correlations between bone condition, expressed

by densitometric quantitative indices and by TBS as a

qualitative index, and disease-related physiological and

pathological factors, including iron overload, pre-transfu-

sional hemoglobin levels, bone metabolism markers, and

endocrine complications.

Materials and Methods

Patients

In a cross-sectional study, we evaluated the densitometric

measures as well as the clinical, hematological, and endocri-

nological data in 124 adult patients with thalassemia major.

These were extracted at the corresponding time from the

clinical charts of the patients, followed-up at our single tertiary

outpatient clinic in Milan. Approval of the ethical committee

of our institution (number 2013-841) was obtained.

The periodic routine checks for these patients include an

annual endocrinological evaluation (clinical examination

and tests for thyroid, parathyroid, adrenal, gonadic, pan-

creatic function, bone metabolism indices), while bone

densitometry of the femur and lumbar spine is performed

every 2 years with DXA. TBS was calculated from DXA

routinely performed.

In addition to the above data, the collected information

included age, gender, body mass index (BMI), history of

fractures, auxologic and sexual development, splenectomy,

liver function and disease, drugs, starting age of transfusion

regimen, mean values of pre-transfusional hemoglobin, and

ferritin in the previous year. The compliance to chelation was

estimated on the basis of mean ferritin levels evaluated every

3 months and liver iron content (LIC) by MRI when available.

All the enrolled hypogonadal patients were on hormonal

replacement therapy with appropriate sex steroids and the

hypothyroid patients were on replacement with levothy-

roxine. The hypoparathyroid patients were on treatment

with calcitriol and calcium supplements at the doses

maintaining serum calcium levels within the normal range

or at lower normal limit.

Controls

In the control group, 65 non-thalassemic females were

enrolled among the patients referred to the Bone Metabolic

Unit of our Hospital to perform DXA for the following

clinical reasons: postmenopausal decrease in bone mineral

density (osteoporosis 29 pts, 44.6 %, osteopenia 2 pts,

3.1 %), early menopause (14 pts, 21.5 %), family history

of osteoporosis (11 pts, 16.9 %) or fractures (2 pts, 3.1 %),

and secondary osteoporosis due to antiestrogenic treatment

(7 pts, 10.8 %).

Methods

Blood cell count was performed by the Coulter Counter.

Automated routine procedures were used for liver function

tests and assays of calcium and phosphorus in serum

(normal values, n.v.: 2.1–2.5 and 0.8–1.4 mmol/L,

respectively) and 24-h urine (n.v.: 2.5–7.5 and 12.9–

42 mmol/day, respectively), intact parathyroid hormone

(n.v.: 1.5–6.6 pmol/L), osteocalcin (n.v.: females 5.3–23.6,

mcg/L; males, 4.4–26.1), 25-hydroxy vitamin D (n.v.:

[72 nmol/L), ferritin (n.v.: 30–400 mcg/L), glucose (n.v.

70–110 mg %), insulin (n.v. 2.6–25 mU/L), and TSH

(ECLIA, n.v. 0.3–4.2 mU/L). Serum albumin concentra-

tions were normal in all the patients, therefore not cor-

rected serum calcium levels were considered.

Alkaline phosphatase was measured by the International

Federation of Clinical Chemistry liquid (n.v.: 40–129 U/L);

the bone isoenzyme was assessed by semiquantitative elec-

trophoretic method using a scanning densitometer (normal

values, 20–75 %). Serum CTX was assayed by the Serum

M. Baldini et al.: Spine Bone Texture Assessed by Trabecular Bone Score 541

123



CrossLaps One Step ELISA (IDS, Boldon, Tyne and Wear,

UK; n.v.: women, postmenopausal, 0.142–1.351; premeno-

pausal, 0.112–0.73; males 0.115–0.748 ng/mL).

Iron overload was estimated by LIC derived from T2*

according to Wood et al. [10], MRI was performed at CMR

Unit Department of Cardiology ‘‘A. De Gasperis’’ at Ni-

guarda Ca’ Granda Hospital in Milan), using a 1.5 T MR

scanner (Avanto Siemens, Erlangen). All T2* images were

analyzed using post-processing software (CMR Tools,

Imperial College, London).

Iron overload was estimated by LIC as measured by

MRI, performed at CMR Unit Department of Cardiology

‘‘A. De Gasperis’’ at Niguarda Ca’ Granda Hospital in

Milan, using a 1.5 Tesla MR scanner (Avanto Siemens,

Erlangen). All T2* images were analyzed using post-pro-

cessing software (CMR Tools, Imperial College, London).

Bone mineral density was measured by dual X-ray photon

absorptiometry (Hologic Bone Densitometer, QDR Discov-

ery A, Version 12.7.3.1), and BMD values were expressed as

T score and Z score; the former was calculated as SDs from the

normal reference population database, the latter as SDs from

age and sex matched population. According to the WHO

report (WHO Technical Report, ISCD Official Position Paper

2007), the data were classified as follows: normal: T score [
-1; low bone density (osteopenia): -1 [ T score [ -2.5;

osteoporosis: T score \ -2.5.

Lumbar spine TBS was derived for each spine DXA

examination blinded to clinical parameters and outcomes

using the TBS iNsight� software (medimaps SASU, Mer-

ignac, France).

Statistical Analysis

The data were statistically analyzed using ‘‘SPSS�’’ pro-

grams (version 20.0). Due to the small number of subjects

with normal bone mass, the three groups of patients with

normal bone mineral density, osteopenia, and osteoporosis

were compared for continuous variables using the Kruskal–

Wallis and Mann–Whitney non-parametric tests, for di-

chotomic variables using the v2 test. Pearson correlation

index was calculated between TBS scores and the other

studied variables. A multivariate analysis (MANOVA) was

performed to evaluate the effects of age, gender, hemato-

logic, and endocrine parameters on TBS values. A p value

\0.05 was considered statistically significant.

Results

Demographic Data

124 adult Caucasian patients homozygous or double het-

erozygous for severe beta-thalassemia mutations were

enrolled (51 males, 73 females, mean age 36.1 ± 7 years,

range 19–56). All the patients (pts) received regular blood

transfusions every 20–25 days, to maintain a pre-transfu-

sional hemoglobin around 9–9.5 g/dL according to the

international guidelines [9].

Seventy-nine pts (63.7 %) were taking cholecalciferol

supplements for vitamin D deficiency, producing 25OH-

vitamin D serum concentrations between 20 and 30 ng/mL;

21 pts (16.9 %) were also on treatment with a bisphosph-

onate (alendronate). There were 87 (70.2 %) hypogonadic

pts, all replaced with adequate sex steroid treatment.

The hematologic variables in the whole series of thal-

assemic patients were as follows: pre-transfusional Hb

(9.50 ± 0.6 4, range 8.00–11.4 g/dL), ferritin (1,168.58 ±

1,137.54, range 104–5,886 mcg/L), fibroscan (8.03 ± 3.72,

range 3.90–19.80 kPa), T2* heart (32.47 ± 11.91, range

5.18–57.68 ms) and liver (9.08 ± 6.80, range 0.96–

34.45 ms), and LIC (5.42 ± 4.81, range 0.94–26.66 mg Fe/g

of liver dry weight).

Bone mineralization of the pts at DXA was as follows:

26 pts (21 %) osteoporosis, 90 pts (72.6 %) osteopenia, and

8 pts (6.4 %) normal; 18 pts (14.5 %) had previous bone

fractures, but only 5 could be labeled as fragility fractures.

No significant differences were found between osteo-

porotic, osteopenic pts, and pts with normal bone mineral

density for the hematologic parameters, age (36.31 ± 6.86

vs 34.81 ± 7.98 years, respectively), BMI (22.70 ± 3.45

vs 23.66 ± 3.16), nor prevalence of endocrine–metabolic

disorders related to bone mineralization: diabetes (13.3 vs

19.2 %), hypothyroidism (24.4 vs 34.6 %), hypogonadism

(71.1 vs 61.5 %), and hypercalciuria (54.3 vs 38.1 %).

Conversely, the two groups differed for prevalence of

hypoparathyroidism (8.9 vs 34.6 %, p = 0.003).

The control group included 65 non-thalassemic, untreated

females; BMI was 23.88 ± 5.33, mean age 45.71 ±

6.20 years (range 22–52 years), so significantly higher than

in the thalassemic group (p \ 0.001). On the basis of DXA,

bone mineralization state was as follows: osteoporosis in 27

pts (41.5 %), osteopenia in 20 pts (30.8 %), and normal bone

mass in 18 pts (27.7 %).

Bone Quantity Evaluation (DXA)

Significant differences emerged in bone mass measure-

ments between the thalassemic population and controls.

The results of DXA assessment in the two groups are

shown in Table 1.

No gender differences were found. When considering

the endocrine and metabolic disorders affecting bone

condition, the presence of hypoparathyroidism appeared to

influence significantly all DXA measures, especially at the

vertebral site (Table 2). Hypercalciuria was correlated with

a reduction of bone mineral density at all sites, though
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statistical significance was reached only at the vertebral site

(T score -2.63 ± 0.97 in hypercalciuric pts vs -2.12 ±

1.00 in normocalciuric pts, p = 0.011; Z score -2.55 ±

0.98 vs -2.04 ± 0.99, p = 0.009).

Bone Quality Evaluation (TBS)

The mean value of TBS in the thalassemic population was

1.04 ± 0.12 (range 0.80–1.30); no differences were found

between genders (1.02 ± 0.13 [range 0.80–1.30] in males

vs 1.05 ± 0.11 [range 0.80–1.30] in females). TBS was

significantly higher in the control group: 1.34 ± 0.11

(range 1.06–1.52), p \ 0.001; see Fig. 1.

When the thalassemic pts were divided on the basis of

bone mineral density at DXA, the TBS values were 1.02 ±

0.11 [range 0.80–1.28] in osteoporotic pts, 1.08 ± 0.12

[range 0.82–1.30] in osteopenic pts, and 1.15 ± 0.10

[range 0.96–1.26] in patients with normal bone mineral

density. TBS was significantly different in osteoporotic pts

versus the osteopenic (p = 0.026) as well as the normal

mineral density patients (p = 0.002), while the difference

was not significant between the osteopenic patients and

those with normal bone mineral density.

Table 3 shows the TBS values in thalassemic patients

with different bone mass, divided in three percentile

groups.

No significant differences were found in TBS values

between the groups of patients with and without fragility

fractures (1.067 ± 0.12 vs 1.034 ± 0.11, respectively,

p = 0.2); moreover, no correlation was found between

TBS and previous fracture events.

When the TBS scores were compared in the groups of

patients with and without endocrine–metabolic disorders

affecting bone metabolism—hypoparathyroidism, hyper-

calciuria, and hypogonadism—none of them influenced

significantly TBS values (p = ns).

Table 1 Bone mineral density

at DXA in thalassemia major

patients (TM) versus control

group (CTRL)

Site DXA variables TM CTRL p

Femoral (total) T score -1.89 ± 0.93 (-3.9/1.7) -0.97 ± 1.09 (-3.3/1.2) \0.001

Z score -1.80 ± 0.85 (-3.8/0.6) -0.61 ± 1.07 (-2.8/1.6) \0.001

BMD 0.72 ± 0.12 (0.45/1.00) 0.83 ± 0.13 (0.54/1.09) \0.001

Femoral (neck) T score -1.84 ± 0.86 (-4.8/0.1) -1.11 ± 1.11 (-3.7/1.5) \0.001

Z score -1.59 ± 0.83 (-4.7/0.5) -0.55 ± 1.08 (-2.9/2.3) \0.001

BMD 0.66 ± 0.11 (0.32/0.89) 0.73 ± 0.12 (0.44/1.02) 0.001

Vertebral T score -2.36 ± 1.06 (-4.4/0.1) -1.49 ± 1.34 (-3.5/1.7) \0.001

Z score -2.26 ± 1.07 (-4.4/0.2) -0.92 ± 1.30 (-3.0/2.4) \0.001

BMD 0.81 ± 0.12 (0.56/1.09) 0.89 ± 0.15 (0.67/1.23) \0.001

Table 2 Bone mineralization at

DXA in thalassemic patients

with and without

hypoparathyroidism

Site DXA index Hypoparathyroidism No hypoparathyroidism p

Femoral (total) T score -1.52 ± 0.92 (-3.8/0.5) -1.94 ± 0.93 (-3.9/1.7) 0.024

Z score -1.39 ± 0.92 (-3.6/0.6) -1.87 ± 0.82 (-3.8/- 0.1) 0.017

BMD 0.78 ± 0.13 (0.48/1.00) 0.72 ± 0.12 (0.45/1.01) 0.021

Femoral (neck) T score -1.51 ± 0.92 (-4.0/0.1) -1.89 ± 0.84 (-4.8/- 0.2) 0.039

Z score -1.22 ± 0.88 (-3.7/0.3) -1.64 ± 0.82 (-4.7/0.5) 0.019

BMD 0.70 ± 0.11 (0.40/0.86) 0.66 ± 0.11 (0.32/0.94) 0.037

Vertebral T score -1.58 ± 0.94 (-3.5/0.1) -2.51 ± 1.01 (-4.4/- 0.3) \0.001

Z score -1.50 ± 0.94 (-3.5/0.2) -2.40 ± 1.02 (-4.4/0.2) \0.001

BMD 0.90 ± 0.10 (0.66/1.09) 0.79 ± 0.11 (0.56/1.06) \0.001

Fig. 1 Mean values of TBS score in the thalassemic population and

in age- and BMI-matched controls
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The correlations of TBS with the DXA indices, the

demographic parameters, and the biochemical variables

expressing bone mineral metabolism were studied: among

all the analyzed variables (age, gender, hematologic and

endocrine variables) only age (p = 0.007) and bone min-

eralization status (normal, osteopenia, osteoporosis;

p \ 0.001) reached the statistical significance. More pre-

cisely, no correlation was found between TBS value and

PTH, calcium, and 25OH vitamin D serum levels. Figure 2

shows the correlation between TBS and BMD at the ver-

tebral site.

Discussion

Our study provides the first noninvasive evaluation of bone

quality in a large group of adult patients with thalassemia

major. Thalassemia major is a rare condition, but it

somehow represents a ‘‘model’’ disease due to the

impressive array of complications and to the fast change of

clinical picture associated to recent therapeutical

advancements. Osteoporosis has emerged as a major health

concern in thalassemic patients, especially with aging [2];

it currently represents a clinical challenge that likely will

aggravate along with patient longer survival.

TBS is a gray-level texture measurement extracted from

DXA images and well correlated with the three-dimen-

sional bone microarchitecture; TBS evaluation could rep-

resent a useful adjunct to areal BMD measured by DXA,

which is currently considered the gold standard for thal-

assemic osteopathy [3, 11] in spite of well-recognized

limitations. First, densitometric values are considerably

overlapping in thalassemic patients with and without fra-

gility fractures, and despite the low BMD values com-

monly found, fracture prevalence actually seems to be

lower than expected from densitometric assessment. This

finding might be explained as DXA measures areal BMD

without taking into account changes in the third dimension,

so that BMD could be underestimated in smaller bones;

this could represent a confounding factor in thalassemic

patients, whose spine is frequently shorter than in non-

thalassemic individuals [12]. Furthermore, BMD mea-

surement loses precision in older patients with associated

degenerative spinal bone changes. To overcome the

drawbacks of DXA, high-resolution quantitative computed

tomography (QTC) was proposed as a more valid tool to

determine bone strength, providing a volumetric measure

and allowing the separate determination of cortical and

trabecular bone mineral density. Interestingly, BMD values

are higher when measured by QCT compared with DXA;

this discrepancy could hypothetically be ascribed to the

different involvement of cortical and trabecular bone [3,

11]. However, this methodic has reduced reliability in

inadequately chelated thalassemic patients, as local iron

deposition may increase the X-ray attenuation values in

trabecular bone; moreover, it appears impractical for rou-

tine clinical management, due to the much higher radiation

exposition and the limited availability [11].

From all the above observations and clinical evidence,

some authors [3] hypothesized that BMD is only one of the

determinants of skeletal strength, and other factors, not

adequately considered by densitometry and included in the

concept of ‘‘bone quality,’’ may play a crucial role. Scientific

evidence shows that microarchitecture deterioration together

with macrogeometry of cortical bone and bone turnover

represent prominent contributing features, independent of

BMD. These features are not assessed by DXA [13, 14].

Bone quality could not be widely estimated so far, as

bone biopsy was the only mean for providing detailed and

reliable information on bone microarchitecture, and obvi-

ously the role of invasive methods is strictly limited in

clinical practice [1, 15, 16]. The interest of TBS resides in

allowing a noninvasive evaluation of bone texture (related

Table 3 TBS values in patients with different bone mineralization at

DXA, divided in three percentile groups

Percentiles

25 50 75

Normal bone mineralization 1.08 1.18 1.23

Osteopenia 1.00 1.08 1.17

Osteoporosis 0.93 1.03 1.10

Fig. 2 Correlation between TBS and BMD at the vertebral site in the

thalassemic patients (filled circle) and in age- and BMI-matched

controls (filled diamond)
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to microarchitecture); so, it promises to be an innovative

tool for the assessment of fracture risk in diseases

impairing bone quality. In addition, TBS value can be

calculated retrospectively from previously performed

DXA, without further imaging [9].

The present study shows that both BMD and TBS are sig-

nificantly lower in the thalassemic patients, directly demon-

strating the assumption that both bone quantity and bone quality

are negatively affected by this disease [2, 13, 14, 17–19].

In the thalassemic studied patients, TBS was correlated

with BMD, and both were correlated with age; therefore,

bone quality appears to worsen as the patient gets older, with

a trend similar to bone quantity. This behavior is in agree-

ment with that reported in postmenopausal women by Leslie

et al. [20]. Dividing the TBS values in percentiles, it emerged

that even the highest values, found in thalassemic patients

with normal BMD, were below the cut-off of normality for

postmenopausal women (i.e., 1.350) [16, 21]. This finding

seems to indicate that trabecular microstructure is abnormal

even in the thalassemic patients who, on the basis of DXA

estimate, would not be considered osteopenic.

Bone quality expressed by TBS appeared not to be

influenced by hypoparathyroidism. Conversely, BMD was

more severely reduced in patients with normal parathyroid

function than in hypoparathyroid ones, confirming the

previously described protective role of hypoparathyroidism

against bone demineralization [13, 14]. Indeed, vitamin D

is used as replacement therapy for parathyroid defect, and

it can normalize serum calcium concentrations and favor

calcium integration into bone matrix, but it does not

replace the physiological action of PTH on the osteoclasts.

It follows that bone resorption processes are reduced in

hypoparathyroid thalassemic patients, but probably bone

quality does not change.

Most of our patients were hypogonadic, but no corre-

lation was found between BMD nor TBS values and go-

nadic function. In view of the commonly recognized role of

sex-steroid hormones in maintaining both bone quantity

and bone quality, we believe that this finding is consistent

with an early and adequate sex-steroid replacement.

Besides the original data, obtained using an innovative

approach to bone disease, a noticeable strength of the study

is the large size of the cohort, for a rare disease as thal-

assemia major. In addition, it is a homogeneous group

followed-up at a single tertiary outpatient clinic with

optimal transfusional and therapeutical regimens, including

correction of vitamin D deficiency and endocrine defects.

Limitations of the Study

One limitation of the present study was the lack of a

healthy control group matched for age and gender. The

choice of controls was highly problematic, as it appeared

unethical to perform a radiological test in young patients

without a clinical indication. Therefore, we chose non-

thalassemic patients undergoing DXA for bone disease

different from thalassemia; their mean age was a little

higher than that of thalassemic patients.

Another limitation of the study is the cross-sectional

design, as well as the fact that in the medical history of our

124 thalassemic patients there were only five fragility

fractures throughout life. We could not identify distinctive

features of the patients with fractures on the basis of DXA

nor TBS, and it seems likely that a higher number of events

or a longitudinal study including fracture events appearing

over an adequate observation time would be more appro-

priated to demonstrate any statistical correlation.

Conclusions

The evaluation of TBS in a large group of adult thalassemic

patients confirmed with a noninvasive approach the

impairment of bone microstructure demonstrated so far

only by bone biopsy. It has been proven that trabecular

texture assessment by TBS is a useful adjunctive tool in

defining fracture risk in patients with secondary osteopo-

rosis characterized by impairment of bone quality [21, 22].

An interesting use of TBS in adult thalassemic patients

could be risk fracture stratification, as well as identification

of those who most likely would benefit from treatment,

with significant savings of resources.

Further studies are needed to confirm our experience and

hopefully to develop clinical recommendations for the use

of TBS in this disease.
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