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Abstrac t

Following a parathyroidectomy there is a bone mineral density 
(BMD) improvement in patients with primary hyperparathy-
roidism. However, data of bone microarchitecture are scarce. 
Trabecular bone score (TBS) estimates bone microarchitecture 
and could provide valuable information in those patients. The 
aim of this study is to assess TBS changes 2 years after successful 
surgery in a group of patients with primary hyperparathyroidism 
and correlate these results with changes in BMD and bone turn-
over markers. This is a prospective study including 32 patients. 
In all participants BMD and TBS were measured, before and 24 
months after surgery. Biochemical data: serum calcium, PTH, 
25-OH-vitamin D, beta-crosslaps, bone alkaline phosphatase, 
and osteocalcin. 25 female and 7 male patients, mean age 
64.6 ± 12.4 years, were included in the study. At baseline, BMD 
was low at: lumbar spine (T-score  − 2.19 ± 1.31), total hip 
( − 1.33 ± 1.12), femoral neck ( − 1.75 ± 0.84), and distal one-third 
radius ( − 2.74 ± 1.68). Baseline TBS showed partially degraded 
microarchitecture (1.180 ± 0.130). After parathyroidectomy 
lumbar spine BMD increased significantly (5.3 ± 13.0 %, p < 0.05), 
as well as total hip (3.8 ± 8.8 %, p < 0.05). There was an increase 
in TBS, but this was not significant. There was a correlation be-
tween TBS and BAP at baseline (rs = 0.73; p < 0.01) and TBS and 
BAP 2 years after surgery (rs = 0.57, p < 0.05). Although bone 
density improves 2 years after surgery in patients with primary 
hyperparathyroidism and there is a restoration of bone turnover 
markers, TBS is not completely restored. These results remark 
the necessity of longer periods of study, to confirm if bone mi-
croarchitecture could be completely restored after surgery.

Introduction
Bone disease in primary hyperparathyroidism (PHPT) is character-
ized by bone mineral density (BMD) reduction at cortical sites (one-
third distal radius, 1/3DR) with a relative preservation of the lum-
bar spine (LS, predominantly a trabecular site), as assessed by du-
al-energy X-ray absorptiometry (DXA) [1, 2]. In spite of this, not 
only the risk of non-vertebral fracture is increased in PHTP, but also 
the risk of vertebral fractures [3, 4]. Thus, DXA may not give com-

plete information about other factors that could increase the risk 
of fracture such as bone microarchitecture. Other techniques for 
skeletal evaluation, such as trabecular bone score (TBS), could pro-
vide information on trabecular bone involvement in PHPT, and 
eventually might contribute to redefine surgical criteria.

TBS is a reproducible and non-invasive technique that evaluates 
pixel gray-level variations in DXA image [5]. An elevated TBS ap-
pears to represent strong, fracture-resistant microarchitecture, 
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while a low TBS reflects a heterogeneous and more porous trabec-
ular network and reduced bone strength [6]. Previous studies using 
TBS have found that cortical and trabecular skeletal compartments 
are affected in patients with PHPT. Romagnoli et al. reported that 
in a group of postmenopausal women, TBS was lower in patients 
with PHPT than in age-matched controls [7]. Also, lower TBS values 
associated with vertebral fractures has been recently described in 
patients with PHPT [8].

Following a parathyroidectomy (PTX) (an effective therapy that 
cures PTHP) there is an improvement in BMD [9]. However, data of 
other bone determinants such as microarchitecture are scarce [10]. 
Thus, the aim of our study is to assess TBS changes 2 years after 
successful parathyroidectomy in PTHP patients and compare this 
result with changes observed in BMD and bone turnover markers.

Patients and Methods

Study design
This prospective study was performed in a single center (12 de Octu-
bre University Hospital, Madrid, Spain), in the Mineral Metabolism 
Unit, from 2010–2015. The Ethics Committee of our Hospital ap-
proved the study and informed consent was obtained from all patients. 
They were evaluated at baseline (before the procedure) and 2 years 
after the PTX. In both visits, DXA scans and fasting blood samples were 
obtained. TBS was assessed from previous DXA spine exams.

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Hel-
sinki declaration and its later amendments or comparable ethical 
standards. Informed consent was obtained from all individual par-
ticipants included in the study.

Patients
A total of 32 Caucasian patients with PHPT (25 females,  
7 males; mean age 64.6 ± 12.4) voluntarily agreed to participate in 
the study and signed the consent form. The female group includ-
ed 21 postmenopausal women. Nine patients were symptomatic. 
Diagnosis of PHPT was based in high calcium level and non-sup-
pressed PTH level, with no evidence of secondary hyperparathy-
roidism. Familial hypocalciuric hypercalcemia was excluded (calci-
um/creatinine clearance ratio < 0.01) in every patient. Exclusion cri-
teria were: patients with diseases known to affect bone metabolism, 
such as: chronic renal failure, thyrotoxicosis or rheumatological dis-
eases; or patients who were being treated with medications that 
could alter bone metabolism (glucocorticoids, bisphosphonates, 
or denosumab). After the procedure, parathyroid adenoma and/or 
hyperplasia were histologically confirmed in all the patients. PTH 
and calcium level of every patient normalized after surgery.

Bone mineral density and trabecular bone score
BMD was assessed by DXA, (densitometer QDR 4500, Hologic, 
Waltham, MA, USA) at LS, femoral neck (FN), total hip (TH) and 1/3DR, 
with a precision error ≤ 1.5 % at all sites. BMD values are expressed as 
absolute values (g/cm2) and T-score. According to the WHO criteria, 
patients were classified as: osteoporotic (T-score ≤ − 2.5), osteopenic 
(− 1 ≥ T-score  > − 2.5), and normal (T-score  > − 1) [11].

▶Table 1	 Biochemical values of PHPT patients (n = 32) at baseline 
and after 2 years of follow-up.

Baseline 2 Years p-Value

25(OH)D (ng/ml) 22.9 ± 12.3 26.5 ± 10.5 n.s.

PTH (pg/ml) 171.7 ± 70.6 50.1 ± 19.65  < 0.001

Serum corrected 
calcium (mg/dl)

11.2 ± 0.7 9.5 ± 0.4  < 0.001

Urinary calcium in 
24 h (mg/24 h)

392.8 ± 252.3 165.9 ± 132.1  < 0.01

β-CTX (ng/ml) 1.18 ± 0.12 0.31 ± 0.19  < 0.01

Osteocalcin (ng/ml) 47.25 ± 17.46 17.86 ± 7.99  < 0.05

BAP (ng/ml) 50.96 ± 36.98 27.39 ± 17.42 n.s.

Data are presented as mean ± S.D. n.s.: Not significant.

TBS measurements were performed retrospectively applying 
the TBS iNsight2.0 software (Med-Imaps, Swiss, Switzerland) to the 
LS DXA exams. Lumbar TBS was calculated as the mean value of in-
dividual measurements for vertebrae L1–L4. Reference values: 
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 [5, 6].

Biochemical analysis
Serum samples for biochemical analyses were obtained between 
8:00 and 9:00 AM after overnight fast and immediately kept frozen 
at − 70 °C. Serum calcium levels (normal values: 8.4–10.2 mg/dl) 
were measured by autoanalyzer (Modular P; Roche Diagnostic). 
Corrected calcium level was based on the serum albumin level. Uri-
nary calcium was measured in 24-h urine collections. Serum bone 
markers included: Osteocalcin: OC (N-MID Osteocalcin, Roche Di-
agnostics, electrochemiluminescence, normal range: 8–48 ng/ml), 
bone alkaline phosphatase: BAP (IDS EIA, normal range 4.0–
20.0 ng/ml) and β-crosslaps: β-CTX (ELECSYS 1010, Roche, elec-
trochemiluminescence, normal range 0.200–0.704 ng/ml). Serum 
intact PTH was determined using chemiluminescent immunomet-
ric assay (IMMULITE 2000, DPC, normal range 7.0–57.0 pg/ml). 
Serum 25-hydroxyvitamin D3 [25(OH)D] was measured by enzyme 
immunoassay (automated IDS EIA, kit). Vitamin D deficiency was 
defined as a 25(OH)D level below 20 ng/ml, insufficiency as a value 
between  > 20 and < 30 ng/ml, whilst a 25(OH)D value  > 30 ng/ml 
could indicate vitamin D sufficiency [12].

Statistical analysis
Normality was assessed using the Shapiro–Wilk test. Continuous 
variables are described as mean and standard deviation and cate-
gorical variables as percentage. Changes in parameters compared 
with baseline (e. g., BMD and TBS) were analyzed using Wilcoxon’s 
test. Correlation analysis between continuous parameters was per-
formed by Spearman’s test. Statistical analyses were conducted 
using SAS software (version 9). Significance level assumed was 
p < 0.05.
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Results
Data were collected from 32 Caucasian patients, 25 females 
(78.1 %) and 7 males (21.9 %). Mean age at diagnosis was 64.6 ± 12.4 
years. Mean BMI at baseline was 29.1 ± 5.1 kg/m2. Mean time be-
tween diagnosis and surgery was less than 1 year. ▶Table 1 shows 
biochemical values before and after the PTX. At baseline there were 
no statistically significant differences in any of the laboratory val-
ues between gender groups. Low serum 25(OH)D, in the range of 
insufficiency, was found in our PHPT patients before surgery. As ex-
pected, mean serum PTH, serum calcium and urinary calcium in 
24 h were significantly higher at baseline, and normalized after sur-
gery. 25(OH)D showed a non-significant improvement after 2 
years, but persisted in the insufficiency range. Baseline turnover 
markers were above the reference range. β-CTX and OC showed a 
statistically significant decrease 2 years after the surgery treat-
ment. Gender had no influence on the changes in bone turnover 
markers.

BMD, T-score, and TBS values are shown in ▶Table 2. At base-
line, mean T-score values were in the osteoporotic range at 1/3DR 
site and in the osteopenia range at LS, TH and FN sites. Similar re-
sults were found in both genders; except for mean TH T-score in 
the male group, which was in the normal range. Mean LS T-score 
increased throughout the study, and after 2 years there was a sig-
nificant increase (compared to baseline), with a percent of change 
of change in LS BMD of + 5.3 % ± 13.0 (p < 0.001). Male and female 
groups showed similar results, with statistically significant increas-
es at mean LS T-score at the end of the study (p = 0.001 and p = 0.01, 
respectively).

After 2 years, mean 1/3DR T-score showed a non-significant im-
provement. In the female group there was a small decrease of mean 
1/3DR T-score. In the total group, mean TH and FN T-scores showed 
non-significant increases after 2 years, and final values persisted in 
the osteopenia range. Similar results were found in both genders.

Baseline TBS showed degraded microarchitecture in the total 
and female group (1.18 ± 0.13 and 1.15 ± 0.11, respectively). Male 
group TBS value was consistent with partially degraded microar-
chitecture (1.28 ± 0.13). No significant correlation was found be-
tween baseline TBS and BMD values. There were no significant dif-
ferences in TBS between vitamin D-deficient and vitamin D-suffi-
cient patients. A positive correlation was found between TBS at 
baseline and BAP (rs = 0.73; p < 0.01). At the end of the study TBS 
showed a non-significant improvement reaching the partially de-
graded range in 19 patients (percent of change of + 4.0 % ± 12.4). 
In the female group TBS persisted in the degraded range and in the 
male group in the partially degraded range (▶Table 2). Final TBS 
showed positive statistically significant correlation with BAP after 
2 years (rs = 0.57; p < 0.03).

Discussion
In this prospective study, we have assessed the influence of PTX in 
PHPT patients on BMD, TBS, and bone turnover markers. To our 
knowledge, this study is one of the longest and largest evaluating 
the effects of PTX on TBS. Baseline score showed degraded microar-
chitecture, predominantly in females. After 2 years, TBS increased 
non-significantly reaching the partially degraded range. ▶
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Patients with PHPT tend to have decreased BMD, in particular 
at cortical sites (1/3DR and hip) as compared with trabecular sites 
(LS) [5], because of the catabolic effects of PTH in cortical bone 
[13]. In agreement with this, our results showed BMD in the osteo-
porotic range at 1/3DR site and in the osteopenia range at LS, TH 
and FN sites.

In the past years, several studies have assessed the effect of sur-
gical treatment on BMD in PHPT patients, demonstrating increased 
BMD at TH and/or LS with high resolution peripheral quantitative 
computed tomography (HR-pQCT) [10]. Those increases in BMD 
remain significantly above baseline even in the long term [14]. 
Hansen et al. reported postoperative improvements at LS, 1/3DR 
and TH in 27 women 1 year after PTX [10] and Lundstam et al. post-
operative improvements at LS, and FN after 5 years compared to 
observation [15]. Similarly, our results showed significant increase 
of LS BMD and non-significant increases of 1/3DR, TH, and FN. Sur-
prisingly female patients showed non-significant decrease of 
1/3DR. To our knowledge there are no previous reports of BMD de-
crease in women at 1/3DR after PTX.

Regarding bone microarchitecture, our results showed degrad-
ed microarchitecture at baseline (1.18 ± 0.13), considering the 
broadly accepted parameter of TBS  ≤ 1.200. Our results are in 
agreement with the cross-sectional study of Rogmanoli et al. [7] 
reporting that TBS was reduced in 73 postmenopausal women with 
PHTP (1.19 ± 0.10) compared to controls (1.24 ± 0.09). In our co-
hort, female patients showed lower TBS value (degraded range) 
than the male group (partially degraded range).

Recently Eller-Vainicher et al. [8] have published a longitudinal 
study evaluating the effect of surgery on TBS after 2 years of fol-
low-up (20 patients). In the surgical group TBS increased signifi-
cantly, but was still lower compared to controls. Also, Hansen et al. 
described a significantly improved microarchitecture after parath-
yroidectomy assessed by HRpQCT [10]. Conversely, in our cohort, 
TBS improvement did not reach statistical significance. Tay et al. 
[16] have recently reported similar results to ours: TBS value did 
not improve significantly postparathyroidectomy in either obese 
or nonobese subjects after 2 years, and was minimally below nor-
mal throughout the study despite improvements in BMD.

Bone markers are used to assess bone turnover and to provide 
information about the metabolic status of bone, but their role in 
the evaluation and management of PHPT is not well established 
[17]. Our results show that, at baseline, all turnover markers were 
above the reference range; probably due to the increased bone 
turnover characteristic of PHPT [6]. Previously, other groups have 
published similar results [18, 19]. In our cohort, 2 years after PTX 
OC and β-CTX fell significantly into the normal range, while BAP 
persisted elevated. Formation markers (like BAP) are supposed to 
decline more slowly than resorption markers [20] after PTX. This 
could explain the lack of significant decrease of BAP after 2 years.

BAP showed positive statistically significant correlations with 
TBS value at baseline and at the end of the study. There are no pre-
vious reports of this kind of correlation in PHPT, although in a pre-
vious study our group has described that baseline serum βCTX and 
P1NP levels were related to lumbar BMD changes one year after 
PTX [21]. Future studies should try to identify if BAP could also be 
a specific bone formation marker that could predict beneficial ef-
fects on bone microarchitecture after PTX.

Our study did not detect significant TBS differences between 
groups according vitamin D status. This could reflect that vitamin D 
have an effect upon mineralization but not microarchitecture or may 
be related to the low sensitivity of TBS. These results are consistent 
with those described in 2 recent studies in PHPT patients [10, 22].

The strength of this study is that it provides information not only 
about BMD and microarchitecture but also on bone turnover mark-
er dynamics in PHPT patients after PTX. All PHPT patients were fol-
lowed during the 2 years of the study, without dropouts. This study 
has some limitations as the small sample size and the lack of sys-
tematic assessment of morphometric vertebral fractures.

In conclusion, our study demonstrates that although BMD im-
proves 2 years after surgery in PHPT patients, and there is a restora-
tion of bone turnover markers, TBS is not completely restored. These 
results remark the necessity of longer periods of study, to confirm 
if bone microarchitecture has completely restored after surgery.
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