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Abstract. Introduction: BMD study gives partial information on bone health in patients with TSH suppression 
therapy due to Differentiated Thyroid Cancer (DTC). TBS, a new parameter of bone microarchitecture is 
propose for bone quality study. This study analyze their long-term use in patients with DTC. Methods: BMD 
was measured by DXA and TBS with iNsigth software in 145 postmenopausal DTC patients. Vertebral 
Fractures (VFs) with a semi-quantitative x-ray method. Results: BMD at the end study was not different from 
initial. TBS  decreased from 1.35±0.1 to 1.27±0.1 (p=0.002). PTH, Osteocalcin, and BAP were increased, 
suggesting increased bone remodeling. There was an increase in osteoporosis and osteopenia (40.6% and 16.5% 
to 46.6% and 18.6%); 31% had partially degraded and 15.1% degraded TBS changed to 48,9% and  24,8% at the 
end study. VFs in 30 patients, was not different in age, BMI, calcium and alcohol ingestion, smoking, 
radioiodine, or thyroid parameters vs. without VFs. Odds ratio for VFs increased with osteopenia (OR 2.63). 
Combination of TBS plus TBS did not improve discrimination. Conclusions: TBS  was lowered while BMD  
did not differ. Percentage of osteoporosis and osteopenia  and  of  partially degraded and degraded TBS  
was higher at the end study.  Predominant discordance rate was found in partially degraded 
microarchitecture, in which the proportion of osteopenia was higher than normal or osteoporotic patients. AUC 
of TBS plus BMD did not improve discrimination. TBS, radioactive iodine, and sedentary lifestyle were the 
main differential data for patients with DTC and VFs. 

Keywords: differentiated thyroid cancer; TSH suppression therapy; bone mineral density; 
Trabecular Bone Score; levothyroid 

 

1. Introduction 

Thyroid Carcinoma is the most common endocrine malignancy, and the increasing use of 
diagnostic and imaging modalities has contributed to its higher prevalence [1].  Patients with 
Differentiated Thyroid Carcinoma (DTC) are a majority in this group, in which TSH suppressive 
therapy with levothyroxine (LT4) has been recommended to reduce the stimulatory effects of TSH 
[2].  Up to now,  thyroidectomy followed by radioactive iodine therapy and long-term TSH 
suppression with LT4 is recommended for DTC. It has been reported that postmenopausal patients 
with DTC  could be at risk for bone loss and fractures, related to the suppressive effect of TSH [3]. 
For men and premenopausal women, these risks have not been clearly demonstrated. Also, a high 
prevalence of vertebral fractures (VFs) has been reported and is now considered the most common 
type of fracture associated with this condition [4].  

Although measurement of bone mineral density (BMD) using dual-energy X-ray absorptiometry 
(DXA) is considered the gold technique for the diagnosis of bone loss, it is also recognized, that DXA 
has an important limitation because the majority of fractures occur in osteopenic women or even at 
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normal BMD [5]. On the other hand, it is well-recognized that BMD can have higher scores in the 
presence of osteoarthritis, vascular and joint calcification, and lumbar scoliosis[6]. Therefore 
measurement of BMD can not estimate the overall severity of the impact on bone of any disease or 
drug.  

There is an effort to evaluate if bone quality determination can improve the selection of high-
risk patients for fractures, besides DXA. For the analysis of bone quality, techniques such as 
trabecular bone score (TBS), semiquantitative radiology, QCT, MRI, microindentation, and SHAFT 
3D have been proposed. The use of TBS has the advantage of being non-invasive and lower cost. It is 
a gray-scale textural analysis of anteroposterior Lumbar Spine DXA, obtained for BMD measurement, 
sensitive to change over time, with treatments and progression bone disease in a wide range of 
secondary osteoporosis. TBS has been shown to capture morphometric properties of vertebral bone 
by using pixel-based gray-level variations, thus giving information beyond DXA alone.   TBS is a 
BMD-independent predictor of skeletal strength and fracture risk that can be a complement to the 
prediction of future osteoporotic fracture [7]. Studies to evaluate bone quality using TBS in DCT 
patients are scarce. 

This study aimed to analyze the concordance and difference evolution in TBS,  BMD, and 
Vertebral Fractures (VFs) after a long-term follow-up of postmenopausal DTC patients with total 
thyroidectomy due to differentiated thyroid cancer and L-thyroxine (LT4) suppressive therapy. 

2. Patients and Methods 

2.1. Study Population 

We performed a study, including postmenopausal patients who underwent a total 
thyroidectomy due to DTC and underwent DXA three months after surgery, with a mean follow-up 
of 10 years with TSH suppression treatment with LT4 at our center. These patients were supervised 
in our Thyroid Unit and followed every 6-12  months. Patients were included if they were one year 
with menopause, and had maintained the TSH suppression (<0.5 µU/mL) during 80% of visits at our 
Center. Informed consent was required from all patients. There were no included if they had taken 
medications that could affect bone metabolism (calcium or vitamin D, antiresorptive, hormone 
replacement therapy) or had other diseases that could affect bone metabolism (hyper and 
hypoparathyroidism, hyper and hypothyroidism, rheumatoid arthritis, asthma, Paget disease) and 
abnormal kidney or liver function. Calcium ingestion and physical activity standard questionnaires 
were performed. The study was approved by the Ethical Committee of the University Hospital 12 de 
Octubre, Madrid, Spain.  

2.2. Laboratory  Determinations 

Fasting serum samples were obtained at the baseline study after 3 months of thyroidectomy and 
suppressive TSH therapy and at the end study, between 8 and 9 AM and immediately frozen at -70 
ºC until the assays were performed. Serum Calcium (corrected for albumin binding), Phosphate, and 
creatinine were measured by automated standard laboratory methods (Modular P800; Roche 
Diagnostic). Serum TSH was measured by chemiluminescence (Architect), free T4 by 
electrochemiluminescence (E, CLIA)(functional sensitivity <0.01 ug/mL ), thyroglobulin using 
Immulite 2000 (functional sensitivity 0,9 ng/ml)(normal range ). Serum intact PTH was determined 
using chemiluminescent immunoassays (IMMULITE 2000, DPC) (normal range: 7-57pg/ml. Serum 
25–hydroxyvitamin D3 [25OHD] was measured by enzyme immunoassay (automated IDS EIA, kit. 
Vitamin D  deficiency was considered for values below 20 ng/ml. Osteocalcin: OC (N-MID 
Osteocalcin, Roche Diagnostics, electrochemiluminescence (normal range: 8-48 ng/ml), Bone Alkaline 
Phosphatase: BAP (IDS EIA)(normal range: 15-40 U/L) and β-cross-laps: β-CTX (ELECSYS 1010, 
Roche, electrochemiluminescence) (normal range: 0.2-0.704  ng/ml).]. 

BMD was assessed by DXA, (densitometer QDR 4500, Hologic, Waltham MA) at the lumbar 
spine(L-BMD), femoral neck (FN-BMD), total hip (TH-BMD) and distal third of the radius (1/3DR-
BMD). The Coefficient of Variation was 0.90 % at LS-BMD and 0.70% at FN-BMD. The least significant 
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change was 1.8% and 2.9% for L-BMD and TH-BMD. BMD values were expressed as absolute values 
(g/cm2) and as standard deviations (SD) from the expected adult BMD for T scores. Reference 
databases corresponding to the Spanish population were used and were obtained from a multicenter 
densitometric study with 1305 healthy women, aged 20-80 years [8]. Patients had the same bone 
densitometry scan initially and after, using the same DXA system. The diagnosis was carried out 
according to the WHO criteria  (T scores); Osteoporosis if an individual´s BMD is equal to or less 
than -2.5 standard deviations below the mean normal BMD value of healthy young adults; osteopenia 
between  -1≥  and > -2.5;  and normal  > -1 [9]. 

Trabecular Bone Score (TBS) measurements were performed by applying the TBS iNsight 2.0 
software (Med-Imaps, Swiss) to the L-BMD DXA exams. Lumbar TBS was calculated as the mean 
value of individual measurements for vertebrae L1-L4. Patients according to the reference values 
were categorized into three groups: TBS ≥1.350 is considered normal; TBS between 1.350 and 1.200 is 
consistent with partially degraded microarchitecture, and TBS ≤1.200 with degraded 
microarchitecture [10]. The coefficient of variation of TBS calculated from 3 repeated measurements 
in 15 women was 0.8%. 

Lateral and anterioposterior radiographs of the thoracic and lumbar spine were obtained in the 
upright position for all subjects during the study. Vertebral fractures were identified on X-ray films 
according to the method of Genant et al. by a trained radiologist [11].  

2.3. Statistical Analysis 

Quantitative variables were expressed as mean and standard deviation or median and 
interquartile range. The normal distribution pattern was confirmed by the Kolmogorov-Smirnov test. 
Qualitative variables were described as absolute and relative percentages. Contingency tables and 
Chi-square or Fisher Exact test were used to compare categorical parameters. McNemar´s test or 
Simmetry’s test compared the change in the distribution of classification of patients with Thyroid 
Cancer according to DXA and TBS scores. The non-parametric U-Mann-Whitney-Wilcoxon test or 
Student's t-test was used for the cross-sectional study and Student's t-test for the longitudinal study. 
Pearson correlation was performed to assess correlations between clinical parameters and DXA and 
TBS parameters.  

Linear regression was performed to evaluate the dependence and influence between variables 
with TBS and BMD Lumbar Spine, expressed by the coefficient and 95% confidence interval. Also, a 
logistic regression was carried out to study the association between the possible risk factors and the 
final fractures, expressing the results in odds ratio (OR) together with the 95% confidence interval 
(95%CI). The statistical study was completed with multivariate analysis, considering both those risk 
factors with a significant result in the univariate analysis and those that have a certain relevance 
within the objectives of the study. The use of stepwise selection was employed, to highlight the most 
relevant factors, identify those significant sets among the possible variables, and avoid confounding 
the model due to possible relationships between them since the method determines the significance 
of the effect of a variable in the presence of those already in the model. The accuracy, along with its 
95% confidence interval was estimated using the ROC curve.  

All analyses were done using Stata InterCooled for Windows version 16 (StataCorp. 2019. Stata 
Statistical Software: Release 16. College Station, TX: StataCorp LLC) and SAS for Windows version 
9.4 (SAS Instute Inc., Cary, North Carolina, U.S.A.) and a significance level of 5%. 

3. Results 

Table 1 represents the baseline and final data of the 145 postmenopausal DTC caucasian patients 
that meet the criteria selection. The mean age of patients at surgery was 51 years. Mean BMI was 
slightly higher at the end study after a mean of twelve years (28±45 kg/m2 vs. 27±0.6 kg/m2). Mean 
LT4 doses were lower and there was a significant increase in serum TSH levels at the end study 
(0.89±0.3 µU/mL vs. 0.23±0.4 µU/mL). Serum-free T4 levels did not change. A significant increase in 
serum PTH, and in bone markers (Serum Osteocalcin,  Bone Alkaline Phosphatase)was found at the 
end study. Beta-Crosslaps only measured at the end study, were in the normal postmenopausal 
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reference values. There was a non-significantly tendency to lower BMD values at the lumbar, hip, 
and radial sites. TBS values were significantly decreased in the end study from 1.35±0.14 to 1.27±0.13. 
Initially, patients with DXA osteoporosis (n=24)  had lower TBS values (1.28±0.11) compared to those 
with normal-osteopenia BMD values(n=121, 1.36±0.14, p=0.029) performed initially and the end of 
study (Figure 1).  

Table 1. Clinical and biochemical parameters of Differentiated Thyroid Cancer patients at baseline 
and end studies. 

Studied parameters Baseline Study 

(n=145) 

End study 

(n=145) 

P value 

Clinical and hormonal 

data 

 

Age(years) 

Weight(kg) 

BMI (kg/m2) 

Menopausia (years) 

Smoking yes/no 

Alcohol ingestion 

LT4  (mcg/ Kg ) 

Serum TSH (µU/mL) 

Serum Free T4  (ng/dl) 

Duration years (range) 

Radioactive iodine doses 

mCi (range) 

 

--------------------------------- 

Bone markers 

Serum PTH (pg/mL) 

Serum  

Osteocalcin(ng/ml) 

β-CTX (ng/ml) 

BAP (U/L) 

Serum 25OHD (ng/ml) 

 

Densitometric 

parameters 

L-BMD (g/m2) 

FN-BMD(g/cm2) 

TH BMD(g/cm2) 

UD-R BMD(g/cm2) 

1/3 RD-BMD(g/cm2) 

 

TBS 

 

 

 

51.48±1.9 

67.3 ±11.8 

27,27 ± 0.6 

61 (57.9%) 

25(17.2%) 

1(0.69%) 

2.29± 0.6) 

 0.23±0.4 

1.64 ± 0.4 

- 

-  

 

 

------------------------------

- 

 

31.03±12.1 

6.93±3.5(4.53-9.86) 

- 

10.90±7.42 

26.43 ± 10,1 

 

 

0.91±0.16) 

0.74± 0.14) 

0.91±0.16 

0.42±0.06 

0.62±0.05 

 

1.35±0.14 

53,79% 

 

 

 

63.96±10.65 

70.28±13.3 

28.45±5.3 

131 (90.3%) 

17(11.7%) 

0 

1.70± 0.4 

0.89±0.1 

1.60±0.3  

12.23±5.9) 

209.17±119.86 

 

 

--------------------------- 

 

45.65 ± 16.2 

19.56(15.68-23.46) 

0.30 (0.19-0.47) 

22.50±4.9 

22.65 ± 12.37 

 

 

0.89±0.13 

0.70±0.11 

0,86±0.13     

0.40±0.06 

0.63±0.08 

 

1.26±  0.13) 

26.21% 

48,97% 

 

 

 

<0.001 

0.054 

<0.001 

<0.001 

0.18 

0.32 

0.0417 

<0.001 

0.9464 

 

 

 

 

----------------------- 

 

<0.001 

<0.001 

 

<0.001 

0.013 

 

 

0.16 

0.047 

0.42 

0.35 

0.97 

 

0.002 
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  Normal 

  Partial degraded 

  Degraded 

 

30.35% 

15,86% 

24,83 

 

 

Figure 1. Results of the three-step classification approach for Differentiated Thyroid Cancer patients 
with TSH suppression. The first step concerns a T-score: normal (>1 SD), osteopenia (-2.5 and ≤-1 SD), 
and osteoporosis (<-2.5 SD) and three subdivisions: I initial visit, II end visit, and DIF= difference. The 
step is based on TBS classification: normal (>1.35), partially degraded (1.2 and 1.35), and degraded 
(<1.2), which are represented linearly by a color. Patients in the osteopenia group with a partially 
degraded TBS were the major group increased in the end study. 

Patients were classified according to the DXA and TBS study. In the initial study, (Table 2) 42.7% 
had DXA scores in the normal range, vs. 40.6% and 16.5% in the osteopenia and osteoporosis range 
respectively. At the end study  (Table 3), 34.4% had normal DXA values, vs. 46.6 % and 18.65% in 
the osteopenia (n=69) and osteoporosis (n=27) range respectively. Therefore there was an increase in 
the number of patients with osteoporosis and osteopenia.  In the initial study, 31% of patients had 
partially degraded TBS values, degraded TBS 15.1%, and normal scores 53.7%. At the end study, the 
number of patients with partially degraded and degraded TBS had a significant increase to 48,9%, 
and 24.8%  respectively,  while the number of patients that remained with normal TBS scores was 
reduced to 26.2%.   

Table 2. Clasificacion of patients with Differentiated  Thyroid Cancer according to DXA and. TBS 
scores in the baseline study. 

 

DXA 

T-Scores. 

 

        TBS scores     Total  

≥1.350  

(normal) 

1.200-1.350 

(partially 

degraded) 

≤1.200 

(degraded) 

 

T score ≥1 SD 

(normal) 

 

43 (2.6) 13 (8.9) 6(4.1) 62 (42.7) 
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T score <-1.0 

and >-2.5  SD 

(osteopenia) 

 

29 (20) 20 (13.7) 10 (6.8) 

  

59 (40.6) 

T score- ≤2.5 SD 

(osteoporosis) 

 

6 (4.1) 12(8.3) 6 (4.1) 24 (16.5) 

Total 

 

78 (53.7) 45 (31) 22(15.1) 145 (100) 

Number of patients  (% ). Chi-Square= 0.0057 

Table 3. Classification according to DXA and TBS   scores in the end study after 12 years of follow-
up. in patients with Differentiated Thyroid Cancer 

 

DXA 

T-Scores. 

 

        TBS scores     Total  

≥1.350  

(normal) 

1.200-1.350 

(partially 

degraded) 

≤1.200 

(degraded) 

 

T score ≥1 SD 

(normal) 

 

25 (17.2) 16 (11.0) 9 (6.2) 

10 

50(34.4%)  

T score <-1.0 

and >-2.5  SD 

(osteopenia) 

13 (8.9) 38 (26.2) 17(11.7) 68 (46.8)  

T score - ≤2.5) SD 

Osteoporosis 

 

0 (0) 17 (11.7) 10(6.9) 

0 

27 (18.6)  

Total 

 

38 (26.2) 71 (48.9) 36(24.8) 145(100) 

Number of patients (% ). Chi-Square= <,0001.  The change rate was statistically significant:. Pearson chi-square 
=0.000 

When comparing these differences in TBS and DXA scores changes (Table 4), we found an 
increase in patients with degraded TBS  (36 in the end study, vs. 22 in the initial study), associated 
with osteopenia and osteoporosis. There was also a significant decrease in TBS values in this group 
(1.22±0.07)  when compared with the group with normal-osteopenia BMD (1.29±0.13, p=0.019). 
Therefore the predominant discordance rate of TBS with DXA was found in patients with partially 
degraded microarchitecture, in which the proportion of patients with osteopenia was higher than 
normal or osteoporotic patients (Figure 2). At the end study, we performed a questionnaire 
concerning calcium intake, without finding differences in this parameter between the groups with 
normal (561±195 mg/d), osteopenia (572±301 mg/d ), and osteoporosis (588±294 mg/d). 

Table 4. Differences in overall BMD and TBS outcome at the end study in the145 Differentiated 
Thyroid Cancers. 

Methods 

  

BMD <-2,5 SD 

osteoporosis  

BMD -1 -  -2,5 SD 

osteopenia  

 

BMD >-1 SD 

normal 
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Initial 

Study 

End 

Study Difference 

Initial 

Study 

End 

Study  Difference 

 Initial 

 Study  

End 

Study 

 

Difference 

TBS (<1,2)  

degraded   6 10 -4 10 16 -6 6

 

10 -4

TBS (1,2-

1,35) 

Partially 

degraded 12 17 -5 20 39  -19 

13 16 -3

TBS (>1,35) 

normal 6 0 6 29 13 16 

43 24 19

Number of patients. The change rate was statistically significant: Pearson Chi-square= 0.042 

 
Figure 2. Long-term changes in TBS and BMD in 145 patients with Differentiated Thyroid Cancer in 
the initial and end study. 

The association between TBS and lumbar DXA scores of baseline and end study was found to 
be significant when analyzed with Fisher´s exact test (<0.0001). The symmetry between Tables 2 and 
3 was confirmed (p<0.0001). The partial analysis yielded significant results when comparing the T 
Score of Lumbar BMD with TBS values in the baseline study (Chi-Square 0.0057)and in the second 
study (<0.0001). Also, the analysis of the same variables, TBS values of the baseline study with TBS 
values of the end study confirmed association  (Test of Symmetry <.0001), although this was not 
found with T scores of lumbar BMD, of the first and second studies (Test of Symmetry 0.2123). 

When comparing VFs incidence found in 30 patients during the follow-up (Table 5), with 
patients without VFs (n=115) there were no differences in age, BMI,  smoking, calcium intake, or 
ethanol ingestion. Osteoporosis was diagnosed in 13 of the patients (11.3%) without VFs, and in 4  of 
30 with VFs (13.3%). Thyroid parameters as well as bone markers were also similar. Three patients 
with DXA in the osteoporosis range and partially degraded TBS  had VFs, 17 in the densitometric 
osteopenic range (3 normal, 9 with partial, and 5 with degraded TBS). Of the 10 patients with normal 
DXA values, 2 had degraded TBS  (Table 6).  
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Table 5. Comparison of patients with  Differentiated Thyroid Cancer with and. without Vertebral 
Fractures at the end of the study. 

 Without Vertebral  

fractures 

With Vertebral  

fractures 

p 

Clinical and  hormonal data 

N 115 30 - 

Age(years) 52.0±11.5 50.3±13.5 0.50 

BMI 26.6 (24.5-30.3) 25.8 (22.8-28.7) 0.32 

Menarchia (years) 12.95 12.96 0.97 

Histology 

Papilar 

Follicular 

Others 

 

89 (85.%) 

13 (11%) 

4 (3.4%) 

 

29(96.6%) 

1 (3.3%) 

0 (0%) 

0.40 

TNM initial stage 

I 

II 

III 

IV 

 

81(71.8%) 

15 (13.2%) 

13(11.5%) 

4 (3.54 

 

18 (64.2) 

4(14.2%) 

6 (21.4%) 

0 (0%) 

0.42 

Osteoporosis 13/102 4/26 0.76 

Exercise (walking-

minutes) 

55.00(30-60.00) 30.00(30-45.00) 0.043 

Milk ingestions 

(mg/day) 

500 (477.50-750) 500 (250-750) 0.29 

Smoking  yes/no 19/96 6/24 0.65 

Etanol ingestión yes/no 1/114 0/30 0.61 

Radioactive iodine 

doses:  mCi (range) 

150.00(126-250.000) 150.00(100-150.00) 0.042 

Serum Biochemical parameters 

TSH (µU/ml) 0.03 (0.03-0.15) 0.10 (0.03-0.40) 0.20 

T4L  (ng/ml) 1.64 (0.42)    1.63 (0.45) 0.87 

Tiroglobulin (ng/ml) 0.20 (0.00-1.00) 0.30 (0.00-1,20) 0.67 

Calcium(mg/dl) 9.26 (0.57) 9.24 (0.50) 0.89 

Phosphorus(mg/dl) 3.40 (3.0-3.90) 3.60 (3.3-4.o) 0.15 

Creatinine(mg/ml) 0.71 (0,53.0,83) 0.75 (0.66-0.86) 0.50 

PTH (pg/ml) 32.4 (0.63-0.83) 28.4 (24.5-40.6) 0.45 

2OHD (ng/ml) 26.08 (17.0-33.4) 28.2(22.2-33.6) 0.37 

BAO (U/L) 10.7 7(7,42-13.70) 11.30(6.39.13.3) 1.00 

Osteocalcin (ng/ml) 7.08 (4,66-9.89) 6.20 (3.74-9.2) 0.30 

Densitometric parameters 

L-BMD 0.91±0,17 0.88±o,12 0.27 

FN-BMD 0.75±0.14 0.72±0.12 0.56 
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TH-BMD 0.85±0.11 0.83±0.12 0.63 

UDR-BMD 0.44±0.04 0.38±0.06 0.12 

1/3RD-BMD 0,63±0.5 0.65±0.5 0.72 

TBS 

 Normal 

 Partial degraded 

 Degraded 

1.35±0.14 

53.9% 

29.8% 

16.5% 

 

1.22±0.14 

53.3% 

33.3% 

13.3% 

0.001 

Table 6. TBS and DXA scores in 30 Differentiated Thyroid Cancer patients with Vertebral Fractures. 

        TBS 

 Partial degraded Degraded Normal Total 

DXA -2.5- -1 9 (30%) 5 (16.7%) 3 (10%) 17 (56.7%) 

<.2,5 3  (10%) 0  0 3 (10%) 

>-1 0  2(6.6%) 8 (26.7%) 10 (33.3%) 

Total 12(40%) 7 (23.3%) 11 (36.7%) 30  (100%) 

Fisher´s Exact Test=0.0009 

There were no differences in VFs between patients with strong TSH suppression levels (n=13, 
<0.1 µU/ml) versus those with moderate TSH suppression (n=17, 0.1-0.5 µU/ml). When comparing 
TBS and  DXA T scores of the second study, of the 30  patients with vertebral fractures, there were 
significant changes in values as shown with Fisher´s Exact Test (P=0.0009). 

In the baseline study,  L-BMD was correlated with TBS (r=0.38, p=<0.001) while the latter 
variable was inversely correlated to BMI (r=-0.35, p=0.0003). At the end study, an inverse correlation 
was found between L-BMD and BMI (r=0.32, p=0.0001), and a weak correlation with 25OHD vitamin 
D levels (r=-0.17, p=0.45). As expected, TBS was also inverse-related to BMI the the end study (r=-
0.41,p=0.0000). Bone markers(Osteocalcina, Beta-Cross Laps) were not correlated with any variable 
in both studies. There was no correlation between L-BMD and free thyroxine levels in the initial or 
end studies, while TBS was inverse correlated with free thyroxine levels (r=-0.20, p=0.040) in the initial 
and not in the final study. The AUC for the TBS plus BMD model was 0.5261(0.4423-0.6679)( (Figure 
3 ) and did not improve discrimination of TBS alone. In the multivariate logistic regression analysis, 
using  VFs as the dependent variable,  the Odd Ratio for incidental fractures was 0.96  (95% 
CI .93-.99, p=0.037),  since diagnostic to end  DXA study  OR 1.08, (95%CI 1.02-1.14, p=0.004), for 
TSH levels OR  2.32,  (95% CI 1.074-5,01,p= 0.032). The odds ratio for incident fractures was 
increased in patients having osteopenia (OR 2.63, 95%CI 1.11-6.24, p=0.028). For BMD T-scores, TBS 
OR was significant at degraded  (4.33, CI 1.079-17-388,p=0.039) and partially degraded  (4.06, CI 
1.2277-13.489, p=0.022). 
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Figure 3. Area under the receiver operating curve determined by results of the logistic regression 
analysis, taking TBS and Lumbar BMD as input parameters. Discriminative value of  BMD alone and 
TBS alone or in combination with BMD in our cohort. 

4. Discussion 

In our study, we found a slight non-significant decrease in BMD in postmenopausal women 
with DTC and TSH suppression after 12 years of follow-up. In contrast, TBS scores were significantly 
decreased in this period. This is in agreement with previous reports, that a significative  BMD loss 
is only found after a long disease duration [12]. Also, bone microarchitecture was found to diminish 
more in patients who had incidental VFs during this long period. There were lower serum 25OHD 
levels and, an increase in serum PTH together with serum Osteocalcin and BAP,(bone formation 
markers)  with normal β-CTX (bone resorptive marker) suggesting a slight imbalance overtime of 
bone turnover,  which could be according to the tendency to lower BMD values found at the end of 
the study. 

There were no differences in dietary calcium intake and smoking in our patients between the 
initial and end studies. The average calcium intake was in the range of the mean calcium dietary 
intake (629 ±290 mg/day) reported in a large Spanish population study [13]. There was also no 
difference in calcium intake between fractured (477.50-750 mg/d) and non-fractured (250-750 mg/d) 
patients.  Our patients had low serum 25OHD  levels, in the initial and end studies.  Hu et al, 
reported that the serum concentration of 25OHD was inversely correlated to thyroid cancer risk: OR 
was 1.42 (95 CI 1.17-1.73) in vitamin D deficient compared with those with normal levels [14].  We 
also found in a study performed with 134 postmenopausal women with DTC that serum  25OHD 
deficiency was present in 43%,  and was associated with abnormal trabecular microarchitecture, 
compared with patients with levels below 30 ng/ml, suggesting a contribution of lower 25OHD levels 
to increased fracture risk. 

In studies with two years of patient follow-up, it has been reported that TSH suppressive therapy 
did not induce a significant difference in BMD compared to healthy controls [12,16,17]. In contrast, a 
meta-analysis described lower spine bone mineral density in 177 postmenopausal patients, and a 
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duration of TSH suppression of more than 5 years, compared with 69 patients with less than 5 years 
of treatment duration [18]. Also, it has been reported that TBS in patients with DTC treated with long-
term TSH suppression have lower TBS that can predict the relative fracture risk in these patients 
[19,20].  

TBS was found not to deteriorate in 43 DTC patients with suppressed TSH compared with 20 on 
LT4 replacement for less than 4 years  [21].  However, when analysed the 31 postmenopausal 
patients were found to have significative lower degraded TBS compared with the 32 premenopausal.  
In the study of Moon et al, data showed that 4.2 years of TSH suppression in postmenopausal DTC 
patients was associated with a significant decrease in TBS independent of BMD changes [20]. In our 
experience, moderate suppression of TSH in the range of 0.1-0.5 uUI/ml was associated with lower 
values of TBS [22]. It is therefore possible that earlier damage to trabecular architecture can increase 
susceptibility to bone fractures in this disease. Patients with higher TBS can have a better trabecular 
architecture, and therefore be more resistant to these events.  

We detected VFs during the follow-up in 20.6% of our DTC patients. Data on fracture risk in 
patients with  DTC  on TSH suppression therapy are scarce. Our study was not designed to 
evaluate VFs incidence. We performed a semiquantitative visual assessment of spinal X-rays.    

There have been two small cross-sectional studies in postmenopausal women after total 
thyroidectomy for DTC studying VFs.  In the first, Fujiyama et al found no difference in incidental 
VFs in 12 compared with 12 TSH non-suppressed patients  [23].   In the other study, Heijckmann 
et al, found a prevalence of 7% of VFs in 59 patients, concluding that was lower than the 12%  of the 
European population  [24]. On the other hand, in a larger study, Mazziotti et al., assessed by 
quantitative morphometric approach  VFs in 178 postmenopausal women treated for DTC for at 
least one year, and  VFs were detected in 51 (28%); with older age, osteoporosis, TSH level <0.1 mU/L, 
and duration of LT4 treatment, significantly associated. However in this study, TSH was measured 
on a single occasion, and patients with VFs had a higher duration of treatment and lower BMD 
compared with those without [4].  In the NHANES 2005-2006 analysis, it was shown that older 
women with higher levels of physical activity had higher TBS [25]. Our patients with DTC and VFs 
practice lower daily exercise (less stimulus for bone remodeling), with no difference in age, smoking, 
ethanol, or calcium ingestion.  Recently in a larger study with 74.774 thyroidectomized patients with 
a mean follow-up period of 4.5 years, the group that had exercise showed a significant decrease in 
the risk of any fracture (VFs: HR 0.848) compared with those that lacked physical activity [26]. It is 
possible therefore the lack of physical activity can contribute to the lower TBS and fracture risk. 
Histology type, Thyroglobulin levels, TNM stage as well as radioactive iodine was not found 
significantly different.  

The finding that patients with DTC have a lower TBS, even in the presence of normal BMD, is of 
major clinical importance. It has been accepted, that patients with normal BMD, have lower fracture 
risk, but in the clinical setup, many patients with VFs have normal BMD scores. Recently TBS 
measurement has been useful for the detection of VFS in patients with secondary osteoporosis [27].  
We agree with the potential use of TBS, as complementary for fracture risk, especially in the presence 
of normal BMD. This could be due because our older patient populations can have degenerative 
changes in the lumbar spine, which can increase BMD, and disease-induced changes in trabecular 
structure could contribute to an increase in the fracture risk.  

In our study, 3% of patients transitioned to osteoporosis and 6% to osteopenia during the long 
follow-up different from other series followed during shorter years [28]. TSH suppression duration 
referred to in this study was quite variable (15-85 months), and the transition from normal BMD and 
mild osteopenia to osteoporosis was 0.6% and 3.2% respectively in this report. 

TBS showed an overall significant correlation with all BMD sites analyzed, particularly with L- 
BMD in all the studies. However, when patients with osteopenia, osteoporosis, and normal BMD 
were related to their degree of TBS scores, there were significant discrepancies.  Patients with lower 
BMD had a major proportion of TBS scores in the range of degraded and partially degraded. In this 
study correlations between BMI and bone parameters were found (L-BMD r=0.32,p=0.0001 and TBS 
r=-0.41, p=0.00009. Therefore, an increase in adiposity overlying the region of interest may lower the 
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signal-to-noise ratio, favoring lower TBS. In this study, the BMI of our non-obese patients was well 
within the working range recommended for TBS (15-37 kg/m2) [29].  

Our study has several limitations. The study was performed in only one center, and therefore 
extrapolation should be considered, as well as the retrospective design, which could interfere with 
establishing the relationship between TSH suppression and its bone effects. Although TSH levels in 
the study were periodically assessed to confirm maintenance within the intended level, fluctuation 
in TSH levels cannot be ruled out. Data on other factors such as the familiar history of fractures and 
falls were not registered. Although there were 30 fractures, the number of participants was relatively 
small. As a strength, patients were followed by the same physicians, with a single expert in 
densitometry. Also,  VFs were radiologically analyzed by an expert. To our knowledge is the first 
study to compare in a group of postmenopausal DCT women in which the average TSH suppression 
level was maintained, the changes of TBS and DXA after a long follow-up. 

5. Conclusions 

Our study demonstrates that in DTC postmenopausal women with TSH suppressive therapy, 
BMD is only slightly diminished after a long follow-up of 12 years, while TBS was significantly 
diminished. Our results suggest an association between TSH suppression and the risk of bone quality 
damage.  Patients with VFs have similar clinical and hormonal data, to those without VFs, but 
display a low exercise performance and a lower TBS. TBS scores with degraded microarchitecture 
were more associated with osteopenia, suggesting that these patients should be followed and 
assessed for higher fracture risk.  
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