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Methodology to improve the efficiency in the migration
and detection of  mesenchymal stem cells in murine
models

Naves Díaz M
Clinical Management Unit for Bone Metabolism. Asturias Central University Hospital (HUCA). Renal Research Network of the Carlos III Health
Institute (REDinREN-ISCIII). Institute for Health Research of the Principality of Asturias (ISPA). Oviedo (Spain)

Osteoporosis is a generalised disease of the skeletal
system characterised by an imbalance between the bone
formation and resorption that leads to bone mass loss
and to the deterioration of the microarchitecture of the
bone tissue, compromising  bone resistance and there‐
fore resulting in a higher bone fragility and an increased
susceptibility to fractures1.

Two stem cells coexist in the bone cavity (bone ma‐
rrow): the hematopoietic stem cell, which generates all the
blood and immune system cells, and the mesenchymal
stem cell, responsible for the formation of the skeleton. Os‐
teoblasts or bone‐forming cells ori‐
ginate from the differentiation of
mesenchymal stem cells. These plu‐
ripotent cells can create a wide va‐
riety of cell types such as osteoblasts,
adipocytes, or chondrocytes2‐4. This
characteristic makes them highly in‐
teresting candidates for regenerative
medicine given their ability to mi‐
grate to injured areas to promote the
de novo generation of bone5.

The interest in the use of me‐
senchymal stem cells in the field of
bone metabolism has grown in the
early 2000s. Studies have focused
primarily on the intravenous treat‐
ment of mesenchymal stem cells in
children with osteogenesis imper‐
fecta, an inherited enzyme deficiency
in collagen synthesis by mesenchy‐
mal cells in the bones. This hypothe‐
sis is based on observing that bone
marrow transplantation can provide
stromal cells capable of synthesizing
intact type I collagen, replacing the
poor cellular function of the patient
and improving the symptoms of the
disease. The efficacy of the treatment
was reported in a study carried out

on six newborn children, showing better growth rates and
initial intact bone synthesis6. In a second study, these same
authors showed that autologous mesenchymal stem cells
had normal collagen production in bone cavities, and that
transplanted children had growth curves similar to those
of transplanted children with allogeneic bone marrow7.
This pioneering work has served as the basis for the suc‐
cessful application of intravenous mesenchymal stem cells
in other clinical entities.

Once introduced into the body, mesenchymal stem
cells initiate a process known as homing or nesting in

which they are retained in the
blood vessels of damaged tissue
and are guided to the tissue from
these blood vessels by biological
mediators such as chemokines,
cytokines and adhesion molecules.

To monitor transplanted human
cells in animal models, cells pre‐
viously tagged with a fluorophore
are used to detect the signal in vivo
via magnetic resonance imaging or
positron emission tomography8. An
alternative to these imaging techni‐
ques is the detection by real‐time
quantitative PCR of the presence of
transferred human DNA in the
organ of interest using Alu ele‐
ments9, a name derived from the
presence of a recognition site for
the restriction enzyme Alu I. These
Alu elements are short sequences
of about 300 base pairs, which are
repeated throughout the genome,
representing roughly 10% of the
total. These characteristics and the
fact that the appearance of these
Alu sequences dates back approxi‐
mately 65 million years, coinciding
with the origin and expansion of

DOI: http://dx.doi.org/10.4321/S1889-836X2020000200001
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To monitor transplanted human
cells in animal models, cells pre-
viously tagged with a fluoro-
phore are used to detect the
signal in vivo via magnetic reso-
nance imaging or positron emis-
sion tomography. An alternative
to these imaging techniques is
the detection by real-time quan-
titative PCR of the presence of
transferred human DNA in the
organ of interest using Alu ele-
ments, a name derived from the
presence of a recognition site
for the restriction enzyme Alu I.
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primates, makes them ideal for detecting human cells10.
However, the limits of detection of the current techni‐
ques for studying human genomic DNA do not allow it
to be distinguished from other non‐human DNA.

In this issue of the Journal of Osteoporosis and Mine‐
ral Metabolism, Del Real et al.11 develop a methodology
based on the work of Funakoshi et al., using a highly sen‐
sitive and specific quantitative real‐time PCR method
based on Alu sequences to discriminate human cells
from rodent cells12. The aim of this work was to study,
by means of PCR analysis of human Alu sequences, the
performance to detect human DNA after the infusion of
human bone marrow stem cells in immunodeficient
mice. These human bone marrow stem cells were obtai‐
ned from the femoral head of patients undergoing hip
replacement surgery.

These authors were able to locate human DNA in the
lungs of mice on the first day and 7 days after cell infu‐
sions, but this human DNA was inconsistently detected
in the liver and the bones, presenting a discrete decrease
in human DNA among the days 1 and 7 in the lung, but
with clear differences in human DNA levels on day 1
compared to samples that did not contain human DNA.

The authors comment on the need to study the dis‐
tribution of these cells after their infusion into the blo‐

odstream, for which a very sensitive and specific method
of detecting small populations of human cells among the
cells of the recipient organism is needed. Based on the
methodology developed by Funakoshi et al.12, Del Real
et al. were able to detect very low concentrations of
human DNA among a high concentration of mouse
DNA11. After intravenous infusion of human bone ma‐
rrow stem cells into mice and between the first 24 hours
and the seventh day, these authors were able to verify
that human cells were only detectable in the lung, not
consistently appearing in either the liver or the bones.
As a consequence of this practical limitation, several
strategies are being tested to increase the tropism of
human bone marrow stem cells to bone tissue, using for
this purpose the glycosylation of membrane proteins
that allow greater attraction to bone13.
Therefore, as previously mentioned, although the use of
intravenously infused human mesenchymal cells for re‐
generative bone treatment is a very promising strategy,
there are important methodological limitations as they
can become trapped in the lungs and quickly lost. The
search for procedures that selectively target these cells
to the bone and the ability to improve their monitoring
will, in the near future, open up a new therapeutic path‐
way for the treatment of osteoporosis.
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Summary
Objetive: Mesenchymal stem cells (MSCs) are commonly used in regenerative therapy of human diseases. In murine
models, in which human MSCs are transplanted, distinguishing  the origin of the identified MSCs in the organs of mice
is important. The objective of this study was to determine the performance of PCR‐based analysis of human Alu sequen‐
ces to detect human DNA after infusion of human bone marrow stem cells (hBMSCs) in immunodeficient mice.
Material and method: HBMSCs were obtained from the femoral head of patients undergoing hip replacement surgery.
106 hBMSCs were infused intravenously by injection into the retro‐orbital sinus of NOD/SCID mice. The presence of
human DNA in lung, liver and bone was then assessed.  
Results: In in vitro DNA mixtures, human DNA was easily detected with a good logarithmic‐linear relationship. Similarly,
when human and mouse osteoblasts were mixed, 1‐10 cells were easily detected among 105 mouse cells. Likewise,
human DNA was detected in the lungs 1 and 7 days after cell infusions in NOD/SCID mice. However, human DNA was in‐
consistently detected in the liver and bones.
Conclusion: Detecting Alu sequences is an effective procedure to observe human DNA. The results confirm that most
intravenously injected hBMSCs are trapped in the lungs. Thus, for the treatment of skeletal disorders, procedures are
needed to increase the migration of these cells to the bone.

Key words: mesenchymal stem cells, osteoporosis, cell migration, regenerative therapy, Alu sequences.

This paper was awarded a scholarship to attend the 41st ASBMR Congress (Orlando, 2019)

INTRODUCTION

Osteoporosis is the most frequent bone disease, charac‐
terized by low bone mass and alteration of the micros‐
tructure. This is due to an imbalance between bone
formation and bone resorption that causes loss of con‐
nections among the different bone trabeculae, a greater
thinning and cortical bone porosity. Consequently, there
is greater bone fragility and an increased risk of fractu‐
res (Fx)1,2.

Osteoblasts, cells specialized in bone formation, ori‐
ginate from the differentiation of mesenchymal stem

cells (MSCs)3. These cells are multipotent and can diffe‐
rentiate into a wide variety of mesoderm cell types, such
as osteoblasts, adipocytes, or chondrocytes. MSCs are
highly interesting candidates for regenerative medicine,
because they migrate to skeletal lesions where they have
the capacity to form new bone4. The many relevant pu‐
blished studies show the importance of MSCs in tissue
engineering and regenerative medicine5,6. In addition,
there are currently more than 250 clinical trials with
MSCs, as reflected in the clinical trial database (clinical‐
trials.gov). 
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Imaging techniques such as magnetic resonance ima‐
ging and positron emission tomography, and cells pre‐
viously labeled with a fluorophore are used to monitor
transplanted human cells in animal models to detect the
signal in vivo7,8. An alternative approach is to detect the
presence of human DNA in ex-vivo animal models. So,
once the treatment is complete, the presence of DNA of
human origin is accessed in the target organ by real‐time
quantitative PCR (qPCR)9‐11. Alu sequences or elements
are short, repetitive, intercalating elements of the ge‐
nome (SINE), approximately 300 base pairs in length.
There are more than 1 million copies of Alu sequences
in the human genome, occupying about 10% of the en‐
tire genome12,13. Given their small size, specific distribu‐
tion among species and high number of copies, they are
a very useful target for detecting human cells. However,
most of the Alu‐based experimental techniques to detect
only human genomic DNA do not reach the limits of sen‐
sitivity and specificity necessary to distinguish them
from DNA from other primates or rodents13,14. Funakoshi
et al. have developed a highly sensitive and specific Alu‐
based quantitative real‐time PCR method to discrimi‐
nate human cells from rodent cells, to avoid possible
cross‐reactions11.

The objective of this study was to determine the per‐
formance of PCR‐based analysis of human Alu sequences
to detect human DNA after infusion of human bone ma‐
rrow stem cells (hBMSCs) in immunodeficient mice
(NOD/SCID).

MATERIAL AND METHODS

Isolation of hBMSCs
HBMSCs were obtained from the femoral head of pa‐
tients undergoing hip replacement surgery. The study
was approved by the Cantabria Clinical Research Ethics
Committee and patients gave their written informed
consent. Cylinders of trabecular bone were removed
from the femoral head with a trocar and these were was‐
hed in PBS to obtain the bone marrow cells. Ficoll gra‐
dients were centrifuged to obtain the mononuclear layer,
the one that was finally cultivated to attain an 80% state
of confluence.

NOD/SCID mice and cell infusion
NOD/SCID immunodeficient mice, obtained from Char‐
les River Laboratories International, Inc. (Wilmington,
Massachusetts, USA), were injected with 106 hBMSCs in‐
travenously infused into the retro‐orbital sinus.  

DNA isolation and real-time quantitative PCR
The mouse femur and human bone cylinders were ho‐
mogenized with a polytron in lysis buffer and proteinase
k, which was stored in an overnight incubation at 55°C
with shaking. The soft tissues, lung and liver, were di‐
rectly homogenized in lysis buffer and proteinase k. The
DNA was then isolated with phenol: chloroform: isoamyl
alcohol, and precipitated with 100% ethanol. The pre‐
sence of human DNA in the DNA extracted from these
organs (lung, liver and bone) was evaluated by real‐time
PCR, with a hybridization temperature of 56ºC for 40
cycles, using the primers and protocol proposed by Fu‐
nakoshi11 (Table 1).

Negative controls without DNA (NTC) and DNA ex‐
tracted from mouse tissues without hBMSCs were inclu‐
ded in all cases. Likewise, DNA extracted from artificial
mixtures of human and mouse cells, as well as mixtures

of purified human DNA and murine DNA, were analyzed.
The threshold cycle (Ct) of each sample, that is, the am‐
plification cycle from which the amplicons were detec‐
table, was estimated. Logically, there is an inverse
relationship between the amount of target DNA present
in the sample and the Ct.

Written informed consent was obtained from pa‐
tients who donated hBMSCs, in accordance with proce‐
dures approved by the Cantabria Clinical Research
Ethics Committee. Regarding animal experiments, the
protocol was approved by the Research Ethics Commit‐
tee of the University of Cantabria and the Ministry of He‐
alth of Cantabria, as established by current regulations.

RESULTS

Mixtures of human and mouse DNA
In the methods of detecting human DNA in a different
organism, such as the mouse,  high technical sensitivity
and specificity are critical. For this, the first evaluation
of the detection technique used in this article was ca‐
rried out with DNA mixtures and with mixtures of diffe‐
rent numbers of cells of human and mouse origin.  A
spectrophotometer (DeNovix DS‐11, Wilmington, USA)
was used to assess the amount of DNA in each sample.
First, 100 ng/µL human DNA standard solutions were
mixed with 100 ng/µL mouse DNA in a 1:1 ratio and up
to 8 serial dilutions 1:10 were made in mouse DNA.
Thus, progressive dilutions of human DNA obtained in
the presence of mouse DNA practically constant. The ex‐
pression levels on the Ct scale were 11.5; 14.6; 17.2;
21.0; 23.8; 26.8; 30.0; 32.5 and 33.6; for 100 ng/µL, 10
ng/µL, 1 ng/µL, 0.1 ng/µL, 0.01 ng/µL, 1 pg/µL, 0.1
pg/µL, 0.01 pg/µL and 0.001 pg/µL of human DNA, res‐
pectively (r2=0.992; p<0.0001) (Figure 1). In several in‐
dependent experiments, the threshold cycle (Ct) for NTC
was 34.6±1.8, so 31 (2 standard deviations below the
NTC mean) were considered as the maximum Ct to con‐
sider positive. the presence of human DNA in a sample.
No signal was detected when up to 100 ng of mouse‐only
DNA was analyzed (Ct was 34.7±1.6). 
Subsequently, human and mouse osteoblasts were
mixed in different proportions prior to DNA extraction
to simulate the technique in a real way. The 10 human
cells were easily detected in a mixture of 105 mouse cells
(Ct 25.6) and even a single cell was close to the detection
limit (Ct 30.8) (Figure 2).  

Analysis of human DNA in mouse tissues
Tissues from non‐fractured NOD/SCID mice treated
with intravenous hBMSCs were then analyzed. These le‐
vels were also compared with those detected in diluted
human bone DNA samples, as positive controls. Human
DNA could be located in the lungs on the first day and 7
days after cell infusions (Ct 22.6±0.7 and 30.6±3.7, res‐
pectively). However, human DNA was inconsistently de‐

Table 1. Primers and the hydrolysis probe used to detect
ALU sequences

Name Sequence (5’→3’)

Direct Primer (101 F) 5′‐GGTGAAACCCCGTCTCTACT‐3′

Reverse Primer (206 R) 5′‐GGTTCAAGCGATTCTCCTGC‐3′

Hydrolysis probe (144RH) 5′‐CGCCCGGCTAATTTTTGTAT‐3’
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tected in the liver and bones (Figure 3). There is a de‐
crease in human DNA between days 1 and 7 in the lung
samples, but these differences are not significant. Howe‐
ver, when comparing day 1 human DNA levels with sam‐
ples without DNA they are significant (Figure 4).

DISCUSSION

Reparing bone fractures is a complex process, where
there are a series of molecular mechanisms regulated by

various factors that lead to new bone formation. This
repair can sometimes be altered by aging and by diffe‐
rent bone disorders, such as osteoporosis or avascular
necrosis, among others5. Regenerative therapy attempts
to solve these imbalances by avoiding allogeneic trans‐
plant rejection and adverse immune reactions. For this,
new osteoinductive biomaterials, osteogenic regulation
factors and MSCs15 have been used. These are of great
interest and numerous studies involving MSCs have
been published. MSCs are characterized by having a
high capacity for renewal and also being able to form
new cell types of mesodermal origin, such as osteo‐
blasts or adipocytes. Furthermore, they have immuno‐
modulatory effects and secrete factors that induce cell
differentiation5,16. 

The physiological function and repair capacity of
human MSCs are commonly studied in xenografts ca‐
rried out in rodents. After intravenous xenotransplanta‐
tion, cells can circulate widely throughout the body and
their tropism by different organs needs to be studied.
Consequently, it is necessary to  study these cells’ distri‐
bution after blood infusion. To do so, a highly sensitive,
specific method of detecting small populations of human
cells among the cells of the recipient organism is needed.
Funakoshi et al. have developed a qPCR system, theore‐
tically very sensitive and specific, that allows us to detect
these small populations of human MSCs that have sur‐
vived after their infusion in mice. The mechanism, based
on Alu sequences that differ from each other in terms of
species evolution and can specifically detect those of
uniquely human origin11. Due to the extremely high
number of copies of the Alu sequence in the human ge‐
nome, a single primer could amplify the inter‐Alu geno‐
mic sequence, which can result in the formation of
amplified products with unpredictable and complex pat‐

Figure 1. A) Detection of different concentrations of human DNA in a high concentration of mouse DNA. B) The
same results using a logarithmic scale on the axis of abscissa indicate the expected log-linear relationship. The
figure indicates the r2 value of the Pearson regression and the significant p value for the linear regression. The
broken line in A) and B) shows the threshold value of detection of DNA of human origin when mixing different
concentrations
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Figure 2. Amplification curve of qPCR with DNA obtained
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terns. To minimize the effects of
such non‐specific signals, the me‐
thod uses hydrolysis probes,
which hybridize to the sequence
to be amplified between both pri‐
mers. Still, in this reaction there
are nonspecific hybridizations to
the mouse genome that cause an
unavoidable background fluores‐
cence signal, which is considered
technical noise. Our objective
was to confirm the usefulness of
this methodology in our model.

In fact, with this procedure we
were able to detect very low con‐
centrations of human DNA among
a high concentration of mouse
DNA, specifically up to 0.01 pg/µL
of human DNA between 100
ng/µL of mouse. In cell mixtures,
the detection threshold was 1‐10
human cells in 105 mouse cells.

HBMSCs were injected intra‐
venously into mice. This proce‐
dure verified that, after the first
24 hours and the seventh day,
they were only detectable in the
lung (they were not consis‐
tently detected in liver or bone).
Various strategies are being tes‐
ted to increase the tropism of
hBMSCs to bone tissue. One of
them is based on modifying
membrane proteins, with specific
glycosylation particles that allow
extravasation and a greater tro‐
pism for bone17.

In conclusion, the results
confirm that the majority of
hBMSCs injected intravenously
into NOD/SCID mice are trapped
in the lungs and are rapidly lost.
Therefore, procedures are nee‐
ded to increase the tropism of
these cells to bone if hBMSCs are
to be used in systemic regenera‐
tive skeletal procedures.

Financing: This project was
funded by the Carlos III Health
Institute (PI16/915).

Conflict of interests: Authors declare no conflict of interests.
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Figure 3. Detection of human Alu sequences in different mouse tissues 1
and 7 days after infusion of BMSCs intravenously. In orange are the control
samples to which no cells were injected. The broken line shows the thres-
hold value for detection of DNA of human origin. (●) Liver; (■) Lung; (▲)
Bone. Day 1 geometric figures show the mean of 3 mice; those of day 7 of 4
mice; and those without cells from 2 mice. The downward triangles (▼), green
in color, are samples of bone of human origin

Figure 4. Detection of human Alu sequences in mouse lung 1 and 7 days after
infusion of BMSCs intravenously. In orange are the control samples to which
no cells were injected. The broken line shows the threshold value for detec-
tion of DNA of human origin
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Summary
Objective: To assess the relation between three‐dimensional (3D) measurements obtained by lumbar dual energy X‐ray
absorptiometry (DXA) and osteoporotic fractures in dorsal vertebrae.
Material and methods: We analysed retrospectively 32 postmenopausal women, allocated to two groups: 16 women
in the experimental group, who presented incident fractures of the dorsal vertebrae, and 16 women in the control group,
who did not show any type of fracture. Measurements of the (aBMD) of vertebrae L1 through L4 were taken at the initial
visit (i.e., prior to the fracture event) by lumbar dual‐energy x‐ray absorptiometries (DXA). 3D measurements obtained
by DXA were evaluated using 3D modelling software (3D‐SHAPER). Volumetric bone mineral density (vBMD) was cal‐
culated in the trabecular, cortical and integral bone. Cortical thickness and cortical surface BMD (sBMD) were also me‐
asured. Differences in measurements derived from the DXA between the experimental and control groups were assessed
using an unpaired Student t‐test. The odds ratio (OR) and the area under the receiver operating characteristic curve
(AUC) were also determined.
Results: In the present age‐adjusted case‐control study, no significant differences were found between the experimental
and control groups in terms of weight (ρ=0.44), height (ρ=0.25) and aBMD (ρ=0.11). However, significant differences
(ρ<0.05) were found in the integral and trabecular vBMD and in the cortical sBMD. Trabecular vBMD in the vertebral
body was the measure that best discriminated between both groups, with an AUC of 0.733, compared to 0.682 of the
aBMD.
Conclusion: This study shows the ability of 3D models resultant from lumbar DXAs to discern between subjects with
incident fractures in the dorsal vertebrae and control subjects. It is necessary to analyse larger cohorts to establish if
these measurements could improve the prediction of fracture risk in clinical practice.

Key words: 3D modelling, fracture risk, osteoporosis, trabecular, cortical, vertebral fracture, volumetric bone mineral
density, superficial bone mineral density.

Work awarded with a scholarship to attend the 40th ASBMR Congress (Montreal, 2018)

INTRODUCTION

Every year 8.9 million osteoporosis‐related fractures
occur worldwide, representing one fracture every 3 se‐
conds1, with vertebral being the most common osteopo‐
rotic fractures2.

Dual‐energy X‐ray absorptiometry (DXA) is the standard
test for diagnosing osteoporosis and evaluating fracture
risk3,4, as it is a low‐radiation, inexpensive technique. The
DXA provides two‐dimensional (2D) images that measure
the bone mineral density of the area (aBMD) projected

along the anteroposterior (AP) direction. Various studies
show that a low aBMD value, measured in AP DXA explora‐
tions, is among the highest fracture risks3‐5. The decrease of
the aBMD standard deviation leads to an increase from 1.5
up to 3.0 times the risk of fracture, depending on its location
and its measurement’s location5. Nevertheless, a low BMD
value is not enough to explain every fracture. Recent studies
suggest that the risk of fracture is high when the BMD value
is low, but this does not mean that fracture risk is negligible
when the BMD value is normal3‐8.
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Most osteoporosis‐related vertebral fractures are lo‐
cated in the vertebral body9. In AP DXA images of the spi‐
nal column, the vertebral body overlaps the posterior
vertebral elements, so the BMD in the vertebral body
cannot be estimated separately. On the other hand, the
risk of fracture depends on the architecture of the tra‐
becular bone and the thickness of the cortical bone10.
However, the trabecular and cortical bone compart‐
ments are difficult to assess separately on AP DXA scans.

As an alternative to the DXA, quantitative computed
tomography (QCT) provides a three‐dimensional (3D)
analysis of the bone structures. In QCT imaging, the vo‐
lumetric BMD (vBMD) can be measured in the vertebral
body alone, separate from the posterior vertebral ele‐
ments, and even trabecular and cortical structures can
be evaluated in isolation3,11,12. Previous studies have ap‐
praised the association between vBMD derived from
QCT and vertebral fractures8,13‐17. Finite element models
based on QCT have also been analysed to know the me‐
chanical properties of the vertebrae and to predict the
risk of vertebral fracture17‐20. However, QCT scans com‐
pared to DXA scans involve exposure to a higher dose of
radiation, as well as a higher cost. As a consequence,
QCT is rarely used in clinical practice for fracture risk
assessment.

In order to overcome the limitations of the DXA and
QCT scans, various researches suggest the use of 3D mo‐
delling methods to determine the shape and distribution
of bone density considering a limited number of DXA
scans21‐25. These studies use a three‐dimensional statis‐
tical model of the bone shape and density which is re‐
corded in DXA examinations to obtain a personalized 3D
model of such bone (QCT type). The precision of these
methods21‐25 has been evaluated by comparing 3D mo‐
dels and measurements obtained via DXA and QCT. Ho‐
wever, as far as we know, no study has been conducted
on the association of measurements provided by DXA‐
based 3D modelling techniques and vertebral fractures.

On another note, AP DXA usually includes only the
lumbar region (L1 to L4), since the rib cage overlaps in
the projection, avoiding the use of DXA to determine the
aBMD in the thoracic spine. Despite this, various studies
indicate that the greatest number of vertebral fractures
related to osteoporosis occur at the thoracoabdominal
junction (T12‐L1)15,26. Although the reason for this hig‐
her prevalence is unknown, it has been suggested that
thoracic kyphosis and rib cage stiffness predispose this
area to fracture as the vertebral load is higher at this lo‐
cation. Even though measurements made at the same
fracture location show a greater power of discrimina‐
tion, Budoff et al.27 found a high correlation between tra‐
becular vBMD in the lumbar vertebrae and trabecular
vBMD in the dorsal vertebrae.

The objective of this study was to assess the ability of
3D measurements derived from the DXA to distinguish
subjects with incident fractures of the dorsal vertebrae
from control subjects. To do this, a retrospective case‐con‐
trol study was carried out, which included postmenopau‐
sal Caucasian females who experienced a fracture event
in the dorsal vertebrae (cases) and control females of the
same age without any type of fracture. For each subject,
3D measurements derived from lumbar DXA were obtai‐
ned at the initial baseline visit (which took place at least
one year prior to the vertebral fracture event for subjects
in the experimental group) using lumbar DXA AP scans
and a DXA‐based 3D modelling technique25.

MATERIALS AND METHODS

Study population
We analyzed in retrospect a database compiled at CETIR
Grup Mèdic (Barcelona, Spain). The database is made up
of postmenopausal Caucasian women over the age of 40
who have already had an initial baseline and follow‐up
visit, both conducted between the years 2000 and 2010.
Subjects in the database were stratified into two groups:
patients with incident fractures in the dorsal vertebrae
related to osteoporosis (experimental group) and sub‐
jects without any type of fracture (control group). The
inclusion criteria in the experimental group were: ab‐
sence of prevalent osteoporotic fractures, incident oste‐
oporotic fracture of the dorsal vertebrae during the
follow‐up period (between one and ten years from the
initial baseline visit), and absence of non‐vertebral oste‐
oporotic fractures during the follow‐up period. The in‐
clusion criteria in the control group were: absence of any
type of osteoporotic fracture at the time of the initial ba‐
seline visit and for at least seven years following it. The
individuals in both groups were excluded if they had un‐
dergone spinal surgery or had any bone disease other
than osteoporosis, such as severe osteoarthritis, severe
scoliosis, spondylitis, spinal infection, or abnormal bone
growth. Each subject in the experimental group was age‐
matched (± 5 years) with a subject in the control group
(1:1). Clinical parameters such as age, weight, height, and
body mass index (BMI) were collected from each subject
at the initial baseline visit. The database used in this
study is part of a previous study in which the relation bet‐
ween 3D measurements derived from lumbar DXA and
different types of vertebral fractures was evaluated28.

Vertebral fractures were confirmed by a radiologist,
who used the evaluation of vertebral fractures according
to the Genant semi‐quantitative classification criteria9.
The absence of fracture was determined by reviewing
the clinical history of the subjects, analyzing the AP DXA
examinations at the baseline and follow‐up visits, and
ruling out the subjects whose height decreased by 2 cm
or more between the reference visit and the follow‐up
visit. The presence (experimental group) or absence
(control group) of fractures in the dorsal vertebrae could
not be confirmed by morphometry for all the subjects,
so the study is limited to clinical fractures.

This study was conducted as stipulated by the latest
version of the Declaration of Helsinki. The Scientific
Committee of the CETIR Grup Mèdic gave its ethical ap‐
proval for the use of retrospective clinical data and the
measurement results within the scope of this study.
Anonymity of each subject was ensured and maintained
by using numerical codes for all records. 

Medical images and 2D measurements derived from DXA
All the subjects included in the study went through a
lumbar AP DXA examination at the baseline visit. DXA
scans were carried out with a Prodigy densitometer (GE
Healthcare, Madison, Wisconsin, USA) and analysed with
the enCORE software (v14.10, GE Healthcare, Madison,
Wisconsin, USA). DXA scans and analyses were perfor‐
med by a radiologist at CETIR Grup Mèdic in accordance
with the manufacturer's recommendations. 2D measu‐
rements derived from DXA, such as aBMD (in g/cm2),
bone mineral content (BMC, in g), and area (in cm2),
were measured for L1 to L4 vertebrae in the AP DXA exa‐
minations. The T‐score was evaluated using the GE‐
Lunar reference curves for Spain.
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3D measurements derived from the DXA
3D measurements derived from the DXA in the L1‐L4
segment were obtained with 3D‐SHAPER software
(Galgo Medical, Barcelona, Spain) and AP DXA scans
taken at the initial baseline visit (before fracture). 3D‐
SHAPER calculates a custom 3D model of the lumbar
spine shape and density from a single AP DXA image, as
described in López Picazo et al.25 and is briefly summa‐
rized next. First, the custom 3D estimate is obtained by
registering and fitting a statistical model of shape and
density in the AP DXA image. The statistical model is
previously generated using a training database of QCT
scans of Caucasian men and women. The cortical bone
of the vertebral body is then segmented using an algo‐
rithm based on intensity models25,29. This algorithm cal‐
culates the density profile along the normal vector at
each node of the 3D surface mesh and adjusts it to a
function defined by the thickness and cortical density,
the location of the cortical cortex, the density of the su‐
rrounding tissues and the blur of the image. Finally, 3D
measurements derived from the DXA are taken in diffe‐
rent vertebral regions and bone compartments. The
vBMD (in mg/cm3), the BMC (in g) and the volume (in
cm3) were measured in the integral bone of the total ver‐
tebra and the vertebral body. These same measurements
were also obtained for the trabecular and cortical com‐
partments in the vertebral body. The average cortical
thickness (Cort. Th., in mm) and the cortical surface
bone mineral density (cortical sBMD, in mg/cm2) were
measured in the vertebral body. Cortical sBMD is the
amount of cortical bone per unit area integrated along
the normal vector at each node of the vertebral body
surface mesh. It was calculated as the multiplication of
the cortical vBMD (in mg/cm3) and the Cort. Th. (in cm).

Statistical analysis
Descriptive statistics, including mean and standard de‐
viation, were used to analyze both the experimental and
control groups at the initial baseline visit. The differences
between the groups were assessed using the unpaired
Student t‐test, after verifying the normality of the data.
A value of p<0.05 was considered statistically significant.
Invariant logistic regressions were used to investigate
possible correspondence between independent variables
(weight, height, BMI, 2D and 3D measurements obtained
by DXA) and the state of the fracture. The ability of DXA‐
derived measurements to discriminate between subjects
with fractures and control subjects was assessed using
the area under the receiver operating characteristic
curve (AUC). The odd ratio (OR) was calculated with 95%
confidence intervals (CI) to estimate the odds of a verte‐
bral fracture occurring at any change of one standard de‐
viation in measurements obtained by the DXA. The mean

of the 3D shape and the density to visualize the differen‐
ces in the distribution of vBMD were calculated for each
group. Cuts in the median plane of the vertebral body
were used to display the anatomical distribution of the
differences in vBMD. The distribution of cortical sBMD
was also calculated for each group. The differences in
cortical sBMD distribution were shown in one instance
of the average shape. Statistical analyses were carried out
using Matlab Academic (version R2015b, MathWorks,
Inc., Natick, Massachusetts, USA).

RESULTS

Characteristics of the subjects
32 postmenopausal Caucasian women were included in
this study: 16 patients with at least one incident osteo‐
porotic fracture of the dorsal vertebrae (experimental
group) and 16 subjects of the same age without any type
of fracture (control group). The fractured group consis‐
ted of 11 subjects with a single fractured dorsal vertebra
and 5 subjects with multiple vertebral fractures. A total
of 25 incident vertebral fractures were found in the pa‐
tients in the fracture group: two T4, two T7, one T8, one
T9, three T10, one T11, nine T12, five L1 and one L2. It
is unknown whether the vertebral fractures presented
wedge, biconcave or crush deformities.

Patients in the experimental group had a vertebral
fracture event at an average (± standard deviation) of
3.2±2.4 years from the initial baseline visit. The absence
of osteoporotic fracture events was ensured for the con‐
trols during an average period of 8.4±1.0 years. No sig‐
nificant differences (ρ≥0.05) were observed between
the experimental and control groups in terms of age,
weight, height and BMI (Table 1).

2D measurements derived from DXA
In line with WHO classification criteria, 94% of the pa‐
tients in both groups presented a low aBMD (T‐score for
L‐L4 <‐1). The experimental group included 12 women
with osteoporosis, 3 with low bone mass and 1 with nor‐
mal bone mass; while the control group included 5
women with osteoporosis, 10 with low bone mass and
1 with normal bone mass.

The mean aBMD in the L1‐L4 segment of the subjects
in the experimental group was 8.1% lower compared to
those in the control group, although not significant
(p=0.11; table 2). There were also no significant diffe‐
rences in BMC and AREA (p>0.05). The aBMD differen‐
tiated between the experimental group and the control
group with an AUC=0.662. Each decrease in one stan‐
dard deviation in the aBMD was associated with an al‐
most two‐fold increase in the probability of presenting
an osteoporotic fracture in the dorsal vertebrae
(OR=1.862; 95% CI: 0.862‐4.022).

Results expressed as mean ± standard deviation [minimum ‐ maximum]; *: p values of the unpaired Student t‐test; BMI: body mass index.

Table 1. Characteristics of the subjects at the initial baseline visit

Controls Fractured p*

Number 16 16

Age (years) 63.9 ± 7.7 [50.0 ‐ 74.0] 64.9 ± 8.4 [48.8 ‐ 75.7] 0.738

Weight (kg) 61.7 ± 10.1 [46.0 ‐ 85.0] 64.2 ± 8.2 [54.0 ‐ 83.0] 0.444

Height (cm) 154.0 ± 4.7 [143.0 ‐ 161.0] 156.0 ± 5.1 [148.0 ‐ 169.5] 0.251

BMI (kg/m2) 26.0 ± 3.6 [21.0 ‐ 32.8] 26.4 ± 2.9 [22.0 ‐ 30.8] 0.733
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3D measurements derived from the DXA
The integral vBMD in the total vertebra in the experimen‐
tal group was 10.2% lower than in the control group
(p<0.05; table 2). In the vertebral body, the differences
in vBMD were more pronounced in the trabecular bone
(‐16.2%, p<0.01) than in the integral bone (‐12.8%,
p<0.01). Cortical vBMD in the vertebral body was 2.3%
lower in the experimental group, as well as non‐signifi‐
cant (p=0.477). The cortical vBMD in the vertebral body
in the experimental group was 10.0% lower than in the
control group (p=0.018). The anatomical distribution of
the mean differences between the trabecular vBMD in
the vertebral body of the subjects included in the fractu‐
red and control groups is shown in figure 1. In it, we can
see how the differences in the trabecular vBMD are more
pronounced near the end plates of the vertebral body.

The trabecular vBMD in the vertebral body was re‐
lated to higher values of AUC (0.801) and OR (5.060;

95% CI: 1.406‐18.208), compared to other measure‐
ments derived from DXA (Table 2). Slightly lower va‐
lues were found for the integral vBMD in the vertebral
body (AUC=0.793 and OR=4.557; 95% CI: 1.411‐
14.718). The AUC map associated with the trabecular
vBMD values calculated at each voxel of the volumetric
images of the subjects included in the experimental
and control groups is shown in figure 2. Only the AUC
of the 90th percentile (AUC>0.720) are represented. A
maximum AUC value of 0.815 was reached. Trabecular
vBMD measurements show a higher AUC value near
the end plates.

Cortical sBMD in the vertebral body was connected
to higher values of AUC (0.734) and OR (2.649; 95% CI:
1.111‐6.313), compared to other measurements made
on cortical bone (Table 2). The anatomical distribution
of the mean differences in cortical sBMD between the
subjects included in the experimental and control

Measurements of the experimental and control groups are expressed as mean ± standard deviation. Differences between groups are expressed
as mean (percentage). *: p values of the unpaired Student t‐test; p values <0.05 are shown in bold; a: probability ratio corresponding to a
standard deviation of decrease in the measure; b: probability ratio corresponding to a standard deviation of increase in the measurement; AUC:
area below the receiver operating characteristic curve; OR: odds ratio; CI: confidence interval; Int.: integral; Trab.: trabecular; Cort.: cortical;
aBMD: areal bone mineral density (g/cm2); BMC: bone mineral content (g); area (cm2); vBMD: volumetric bone mineral density (mg/cm3); vo‐
lume (cm3); Cort. Th .: cortical thickness (mm); BMDs: surface bone mineral density (mg/cm2); Int.: integral bone; Trab.: trabecular bone; Cort.:
cortical bone; Total: total vertebra; Body: vertebral body.

Table 2. Measurements derived from the DXA of the initial baseline visit in both groups, differences between groups, AUC and OR

L1-L4 Controls Fractured Differences p* AUC OR [IC 95%]

2D measurements derive from DXA

aBMD 0.931 ± 0.126 0.856 ± 0.133 ‐0.076 (‐8.1%) 0.110 0.662 1.862 [0.862 ‐ 4.022]a

BMC 46.6 ± 7.8 44.4 ± 9.6 ‐2.7 (‐5.8%) 0.392 0.613 1.382 [0.672 ‐ 2.841]a

Area 50.0 ± 3.9 51.1 ± 6.2 1.2 (2.4%) 0.523 0.488 0.785 [0.382 ‐ 1.614]b

3D measurements derived from the DXA 

Integral bone, total vertebra

Int. vBMD 256.2 ± 36.6 230.0 ± 34.0 ‐26.2 (‐10.2%) 0.044 0.691 2.296 [0.974 ‐ 5.413]a

Int. BMC 40.5 ± 6.9 38.1 ± 8.4 ‐2.4 (‐6.0%) 0.379 0.602 1.394 [0.677 ‐ 2.868]a

Int. volume 157.9 ± 14.1 165.2 ± 23.7 7.3 (4.6%) 0.300 0.574 0.670 [0.317 ‐ 1.417]b

Integral bone, vertebral body

Int. vBMD 207.6 ± 24.1 181.0 ± 20.5 ‐26.6 (‐12.8%) 0.002 0.793 4.557 [1.411 ‐ 14.718]a

Int. BMC 21.3 ± 3.1 19.2 ± 3.9 ‐2.1 (‐9.7%) 0.109 0.652 1.865 [0.863 ‐ 4.029]a

Int. volume 102.6 ± 9.3 105.8 ± 15.5 3.2 (3.1%) 0.484 0.531 0.766 [0.371 ‐ 1.583]b

Trabecular bone, vertebral body

Trab. DMOv 134.5 ± 21.2 112.7 ± 16.3 ‐21.8 (‐16.2%) 0.003 0.801 5.060 [1.406 ‐ 18.208]a

Trab. BMC 12.0 ± 2.0 10.5 ± 2.0 ‐1.5 (‐12.7%) 0.038 0.688 2.338 [0.996 ‐ 5.486]a

Trab. volume 89.4 ± 8.7 93.3 ± 13.8 3.8 (4.3%) 0.357 0.563 0.702 [0.334 ‐ 1.473]b

Cortical bone, vertebral body

Cort. vBMD 704.3 ± 47.9 687.9 ± 77.2 ‐16.3 (‐2.3%) 0.477 0.543 1.307 [0.639 ‐ 2.673]a

Cort. BMC 9.3 ± 1.4 8.7 ± 2.2 ‐0.6 (6%) 0.401 0.570 1.373 [0.668 ‐ 2.823]a

Cort. volume 13.2 ± 1.3 12.5 ± 1.9 ‐0.6 (‐4.7%) 0.294 0.621 1.492 [0.716 ‐ 3.110]a

Cort. Th. 0.66 ± 0.06 0.62 ± 0.05 ‐0.05 (‐7.1%) 0.017 0.734 2.659 [1.115 ‐ 6.342]a

Cort. BMDs 52.2 ± 6.5 47.0 ± 5.1 ‐5.2 (‐10.0%) 0.018 0.734 2.649 [1.111 ‐ 6.313]a

Cortical bone, regions of the vertebral body

Cort. BMDs (Higher) 58.7 ± 8.0 52.5 ± 5.8 ‐6.3 (‐10.7%) 0.017 0.730 2.722 [1.115 ‐ 6.644]

Cort. BMDs (Lower) 56.9 ± 6.8 51.5 ± 5.7 ‐5.3 (‐9.4%) 0.023 0.754 2.793 [1.060 ‐ 7.358]

Cort. BMDs (Previous) 41.1 ± 7.4 35.9 ± 5.9 ‐5.3 (‐12.8%) 0.035 0.699 2.363 [1.020 ‐ 5.477]

Cort. BMDs (Later) 54.1 ± 8.8 50.1 ± 8.8 ‐4.0 (‐7.4%) 0.209 0.637 1.629 [0.762 ‐ 3.480]
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groups, is shown in figure 3 (top). More pronounced dif‐
ferences (magenta‐coloured) were found in the end pla‐
tes of the L1, L2 and L4 vertebrae. The cortical sBMD in
the lower end plate was the measure of sBMD with the
highest AUC (0.754) and OR (2.793; 95% CI: 1.060‐
7.358) values. Figure 3 (bottom) shows the AUC value
calculated using cortical sBMD at each vertex of the ver‐
tebral body surface. AUC values of the 90th percentile
(i.e. in the range of 0.777‐0.836) are circled in red and
were found mainly on the end plates.

DISCUSSION

In the present study, the ability of 3D measurements de‐
rived from lumbar DXA, to discriminate between pos‐
tmenopausal women with and without osteoporotic
fractures in the dorsal vertebrae, was evaluated. 3D me‐

asurements derived from the DXA were performed at
the initial baseline visit (at least one year before the ver‐
tebral fracture event), using standard DXA scans and a
3D modelling technique25.

Age, gender, and BMI are independent risk factors for
osteoporosis‐related fractures3,4. In this study, a data‐
base of postmenopausal females paired by age was used
to eliminate the possible effect of age and gender on the
results. Although inclusion criteria related to height or
weight were not used to recruit subjects, no significant
differences were found between the groups in terms of
height, weight, and BMI at the initial baseline visit.

No significant differences were observed in the aBMD
(‐8.1%, p=0.110), but in the integral vBMD (‐10.2%,
p=0.044). On the other hand, higher ORs were found for
the vBMD measurements obtained via DXA in the verte‐

ΔDMOv (mg/cm3)

Figure 1. Anatomic distribution of the mean differences in trabecular vBMD, between the subjects included in the experimental
group and those in the control group. The differences are shown in the mid-coronal plane (centre) and the median lateral plane
(right) of the vertebral body. The image on the left shows the plans that were used. The red-yellow areas indicate the regions
where the difference in trabecular vBMD between the subjects with vertebral fracture and the control subjects is on average
lower (in blue-green areas this difference is higher). Non-significant changes (unpaired Student t-test) were marked in black.
The pink outline indicates the periosteal surface of the vertebral body

Figure 2. Map of the AUC calculated by using the trabecular vBMD in each voxel of the volumetric images of the subjects
included in the experimental group and the control group. Only AUCs greater than the 90th percentile are represented
(AUC >0.778). The maximum AUC registered is 0.930
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bral body (OR=4.557; 95% CI: 1.411‐14.718 in the inte‐
gral bone, and OR=5.060; 95% CI: 1.406‐18.208 in the
trabecular bone) in comparison with the aBMD
(OR=1.862; 95% CI: 0.862‐4.022). These results are con‐
sistent with various studies present in the literature,
where it was found that the OR for QCT‐derived measu‐
rements of vBMD are similar or higher, if compared with
aBMD measurements14,16. Melton et al.14 reported a
slightly higher OR for vBMD in the L1‐L3 segment
(OR=2.2; 95% CI: 1.1‐4.3) in the integral bone and
OR=1.9; 95% CI: 1.0‐3.6 in the trabecular bone), compa‐
red to aBMD (OR=0.7; 95% CI: 0.4‐1.2). Anderson et al.15

reported a higher OR for vBMD in L3 (OR=5.3; 95% CI:
1.3‐21 in the integral bone and OR=5.6; 95% CI: 1.3‐23.4
in the trabecular bone), compared to aBMD (OR=2.8;
95% CI: 1.0‐8.0). Grampp et al.16 reported a higher OR
for vBMD in the L1‐L4 segment (OR=3.0; 95% CI: 1.5‐
6.1 in the integral bone and OR=4.3; 95% CI: 1.8‐10.1 in
the trabecular bone), compared to aBMD (OR=2.4; 95%
CI: 1.4‐4.2).

The trabecular vBMD in the vertebral body was the
measure that best discriminated between the experi‐
mental and the control groups, with an AUC of 0.801,
compared to 0.662 for aBMD. Similar findings have been
found in the literature in studies based on QCT3,4,11‐17,30.
Chalhoub et al.13 reported an AUC of 0.79 for trabecular
vBMD, compared to 0.72 for aBMD. Melton et al.14 repor‐
ted an AUC of 0.78 for trabecular vBMD, compared to
0.75 for aBMD. Grampp et al.16 reported an AUC of 0.82
for trabecular vBMD, compared to 0.78 for aBMD. Imai
et al.20 reported an AUC of 0.77 for trabecular vBMD,
compared to 0.71 for aBMD.

Degenerative diseases of the vertebral spine, abdomi‐
nal aortic calcification, and other sclerotic lesions artifi‐
cially increase the aBMD measure obtained in the AP
DXA3,4,11,30, despite the fact that patients with such patho‐
logies have a higher risk of fracture. Trabecular vBMD in
the vertebral body may be less sensitive to artifacts pro‐
duced by these diseases, which are often found on the ver‐
tebral surface (cortical bone) or in the posterior arch. This
could explain the higher AUC values found for the trabe‐
cular vBMD in our study. In this sense, 3D measurements
derived from the DXA of the trabecular bone in the verte‐
bral body could provide an alternative measure, overco‐
ming the limitation of the diagnosis based on the aBMD by
ruling out bone spurs, local deformations in the periosteal
surface or in the posterior vertebral processes30.

In the present study, the differences were less pro‐
nounced in the cortical bone (cortical sBMD: ‐10.1%,
AUC=0.734) than in the trabecular bone (trabecular
BMD: ‐16.2%, AUC=0.801). Biomedical studies demons‐
trated that the contribution of the cortical bone to the
vertebral force is usually low in normal subjects, but it
could be considerable in subjects with osteoporosis30,31.
The precision of measurements derived from the DXA in
the trabecular and the cortical bones was evaluated in
previous works27. However, the cortex of the vertebral
body is very thin (from 180 to 600 µm with an average
thickness of 380 µm)32, and DXA‐based 3D modelling
methods can hardly model local deformities, which
could affect the precision of the cortical. Cortical sBMD
is considered a stronger measure of cortical bone than
cortical vBMD, since generally it is easier to measure in
low‐resolution images31,32.

Figure 3. Top: anatomical distribution of the mean differences in the cortical sBMD of the vertebral body between
the subjects included in the experimental group and the control group. Non-significant changes (unpaired Student
t-test) are shown in grey. Bottom: AUC was calculated by using the cortical sBMD at each vertex of the vertebral body
surface of the subjects included in the experimental group and the control group. The regions where the differences
in the cortical sBMD were not significant (unpaired Student t-test), in the region of interest of the total vertebra,
are shown in grey. The regions listed at an AUC greater than the 90th percentile (that is, an AUC>0.777) are circled
in red. The maximum AUC was 0.836
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Local differences between the experimental and the
control groups were analyzed using color‐coded images.
The mean differences in the trabecular vBMD between
the subjects included in the experimental groups and
those in the control group and their respective AUC were
greater near the end plates and smaller in the centre of
the vertebral body. Experimental studies of vertebral
fractures in specimens show how the end plates of the
vertebral body are the regions where failure at a tissue
level begins33‐36. These findings are consistent with bio‐
mechanical studies that show that the maximum load
fraction on the trabecular bone normally occurs near the
end plates20,35,36. The anatomical distribution of mean
differences in cortical sBMD between subjects included
in the thoracic spine fracture subgroup and their respec‐
tive subjects in the control subgroup shows more pro‐
nounced differences in the end plates33‐36. The results
are consistent with biomechanical studies showing the
thickness and density of the end plate, and the density
of the adjacent trabecular bone as good predictors of
local stiffness and strength.

The most significant limitation of the present study
is the small number of subjects included. The main dif‐
ficulties in including subjects in the experimental group
were to find patients with DXA images from before the
incident fracture, since most patients go to the doctor's
office after the fracture event, and to ensure that the
subjects did not present prevalent osteoporotic fractu‐
res in any bone at the time of the initial baseline visit.
Furthermore, our study is monocentric, only includes
postmenopausal Caucasian females and not all of them
have the same fractured vertebra. Therefore, the results
can only be extrapolated to populations with similar
characteristics. Besides, due to the design of our study
(retrospective and case‐control), we cannot directly
imply a causal association between the reduction of 3D
measurements derived from DXA and osteoporotic frac‐
ture. Another limitation is that the participants included
in this study did not undergo a QCT examination. The‐
refore, we were unable to make a direct comparison bet‐
ween the results obtained using 3D measurements
derived from DXA and measurements derived from QCT.
Nor was a comparison made of 3D measures derived

from DXA and other methods used in clinical practice to
predict fracture risk (such as the Trabecular Bone Score
–TBS– or the FRAX® tool). Furthermore, the presence/
absence of vertebral fracture was confirmed by antero‐
posterior DXA scans and vertebral morphometry (VFA,
Vertebral Fracture Assessment). It would have been in‐
teresting to include other imaging modalities such as
QCT or X‐ray to further assess vertebral fractures.

CONCLUSIONS

This case‐control study showed the association between
3D measurements derived from lumbar DXA and incident
osteoporotic fractures in the dorsal vertebrae. The indi‐
viduals in the experimental group showed lower values
of vBMD measured in different vertebral regions and
compartments compared to the values measured in the
group of control subjects. Trabecular vBMD in the verte‐
bral body was the measure that best discriminated bet‐
ween the experimental and control groups. Methods
based on 3D modelling based on DXA could be a valuable
option to complement standard 2D measurements deri‐
ved from DXA in the management of osteoporosis. Similar
studies involving larger cohorts will be conducted in fu‐
ture researches to determine whether 3D measurements
derived from lumbar DXA could improve the prediction
of fracture risk in clinical practice. Case‐control studies
will also be carried out with subjects presenting exclusi‐
vely osteopenia according to the aBMD criteria.
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Summary
Objetive: To assess the prevalence of vascular calcification and vertebral fractures in a cohort of patients undergoing
kidney transplantation and its association with all graft‐related causes of mortality and dysfunction, as well as the rela‐
tionship with biochemical parameters of bone and mineral metabolism.
Material and methods: Prospective, observational, single‐center study, which included 405 patients undergoing kidney
transplants, with collection of clinical, biochemical, epidemiological parameters, and of radiological vascular calcification
and vertebral fractures by simple radiography at the time of transplantation, with a minimum follow‐up of two years.
We assessed cardiovascular mortality and all causes and decreased glomerular filtration. In addition, 39 bone densito‐
metry studies carried out in the months prior to transplantation were reported.
Results: Patient survival was significantly lower in the group of patients with vascular calcification (131±1.5 months
without calcification compared to 110±3.5 months with vascular calcification, p<0.001). A greater decrease in the esti‐
mated glomerular filtration rate (GFR) was observed using the CKD‐EPI formula in all patients who presented vascular
calcification, this being an independent risk factor (OR=2.7; 95% CI: 1.6‐4 , 4; p<0.001). The prevalence of vertebral
fractures was significantly higher in the vascular calcification group (12%), independently of other risk factors (OR=9.2;
95% CI: 1.2‐73.4; p=0.036). The prevalence of vertebral fractures has been associated with lower hip bone mass assessed
by bone densitometry (T‐score ‐1.2 vs. ‐2.4, p=0.02)
Conclusions: Vascular calcification prior to transplantation, evaluated using a simple, cheap and accessible method such
as plain radiography, determines the morbidity and mortality of the patient undergoing a kidney transplant and has a
great impact on the evolution of graft function, regardless of other risk factors. traditional. The association between
bone fragility, vascular calcification and the prognosis of the patient and the renal graft should make us think about ad‐
ding bone densitometry to the protocol for inclusion in the transplant waiting list. It is relevant to promote not only the
best possible vascular health but also to promote the least impact on bone tissue in the progression of chronic kidney
disease before the time of transplantation.

Key words: vascular, calcification vertebral fracture, plain radiography, densitometry, kidney transplant, mortality.

INTRODUCTION

Chronic Kidney Disease‐Mineral and Bone Disorder
(CKD‐MBD), was defined in 2009 as a set of systemic di‐
sorders of the bone and mineral metabolism due to
chronic kidney disease, resulting in a combination of the
following manifestations1,2:

I) Abnormalities of the metabolism of calcium, phos‐
phorus, paratohormone or vitamin D.

II) Anomalies of bone remodeling, mineralization, vo‐
lume, linear growth or resistance.

III) Vascular and other soft tissue calcifications.
This recently updated definition3, and the consensus

documents of various scientific societies4, have highligh‐
ted the importance of the role of vascular calcification
in the morbidity and mortality of patients with chronic
kidney disease.
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Kidney transplantation is the treatment of choice in
renal replacement therapy for patients with CKD, since
it improves life expectancy and its quality. However, the
impact of recovery of renal function after surgery on al‐
terations in bone mineral metabolism is controversial5.
Vascular calcifications do not revert after transplanta‐
tion, and coexist with other alterations of bone‐mineral
metabolism in the framework of immunosuppressive
treatment. The variety of methods used in the detection
of vascular calcifications in the studies prior to kidney
transplantation, as well as the heterogeneity of the stu‐
dies available so far, do not allow us to accurately
analyze the magnitude of the impact of calcification on
the evolution of the renal graft6.

Loss of bone mass after kidney transplantation oc‐
curs mainly in the first 6 months post transplant and
decreases as the cortico‐steroid dose is reduced7. The
decrease is 5.5‐19.5% during the first 6 months, 2‐8%
between 6 and 12 months, and 1‐2% thereafter. The
rapid bone loss that occurs after transplantation con‐
ditions high prevalences (7‐20%) and incidences (3‐
4%/year) of fractures, much higher than in the
general population as well as in the hemodialysis po‐
pulation8.

Our main objective was to assess the prevalence of
vascular calcification and vertebral fractures in a cohort
of patients undergoing kidney transplantation, and its
association with graft dysfunction and cardiovascular
and all other causes of mortality, as well as the role of
loss of bone mass and other alterations of bone and mi‐
neral metabolism in the post‐transplant evolution.

MATERIAL AND METHODS

A prospective, single‐center, observational study was de‐
signed, which included the 405 patients who underwent
kidney transplants between 2008 and 2017, after sig‐
ning informed consent. Recipients who did not consent
to participate in the study and those whose follow‐up
was less than two years or was carried out in another
region, as well as patients with intra‐operative surgical
complications that forced immediate removal of the
graft or who died in the immediate postoperative period
were excluded (n=95). The study was approved by the
Research Ethics Committee of the Principality of Astu‐
rias.

A systematic collection of clinical, biochemical, and
epidemiological parameters at the time of transplant
and a follow‐up after the intervention of at least two
years were carried out in all included patients. The fo‐
llowing were collected:

1. General and anthropometric data: age at the time
of the transplant, sex, height, weight, body mass index.

2. Data on kidney disease and renal replacement the‐
rapy (RRT) prior to transplantation: cause of CKD, resi‐
dual diuresis, time on dialysis, modality of RRT.

3. Cardiovascular risk factors and clinical history:
hypertension (HT), diabetes mellitus (DM), dyslipidemia
(DL), tobacco use.

4. Average biochemical data of the 6 months prior to
transplantation: serum calcium (Ca), serum phosphorus
(P), serum hemoglobin (Hb), paratohormone (PTH) and
albumin (Alb).

5. Data on kidney transplantation: data were collec‐
ted on the age of the donors, the rate of non‐functioning
kidney graft, the rate of initial graft dysfunction (those
patients who needed to continue dialysis during the first

days after surgery), the rate of acute immune rejection,
and HLA (human leukocyte antigen) compatibility.

6. Radiological evaluation of vascular calcifications
and vertebral fractures in pre‐transplant studies: the ra‐
diological study consisted of carrying out radiographs
of the anteroposterior pelvis, dorsal spine, and lumbo‐
sacral in anteroposterior and lateral views.

Radiological studies were blindly evaluated by two
independent experts. The agreement between the same
observer and interobserver9 was evaluated, with a
kappa index of 0.74, in both cases (for the presence of
aortic vascular calcification, and the presence or absence
of vertebral fractures, without considering the severity
of the calcifications or the type/degree of fractures).

Vascular calcifications were defined as any calcifica‐
tion of the region of the abdominal aorta, iliac, femoral,
uterine/spermatic arteries (more than two isolated
patchy calcifications or a visible linear calcification in a
section of the vessel)10. For the analysis of mortality and
cardiovascular events, calcification of the abdominal
aorta has been used as it is the most prevalent in the
study cohort.

The semi‐quantitative classification of Genant11 has
been used to establish the existence of osteoporotic ver‐
tebral fracture in the dorsal and antero‐posterior and la‐
teral lumbosacral radiological images, as long as they
presented wedging, bi‐concavity and/or crushing grade
1 of Genant or higher.

7. Evaluation by CKD‐MBD densitometry: bone mine‐
ral density (BMD) was measured in the posteroanterior
lumbar spine (L2‐L4) and in the right femoral neck,
using a DXA Hologic® QDR‐1000 densitometer (Hologic
Inc., Waltham, Massachusetts. USA). There were 39 stu‐
dies available in the two years before transplantation.

8. Assessment of kidney function and bone metabo‐
lism of the transplant patient: creatinine, estimated glo‐
merular filtration rate (GFR) according to the CKD‐EPI
formula (Chronic Kidney Disease Epidemiology Collabo‐
ration), Ca, P, PTH in intervals of 3, 6, 12 and 24 months.
Mortality from all causes was evaluated, with a mean fo‐
llow‐up time of 7.2±2.4 years (minimum of 2 years, ma‐
ximum of eleven years), as well as mortality from
cardiovascular events (acute myocardial infarction, AMI,
and/or cerebrovascular accident, CVA), and graft
dysfunction not justified by immunological cause12. This
is understood as a marked decrease in glomerular filtra‐
tion rate in the post‐transplant follow‐up.

Statistic analysis
The descriptive analysis is shown as percentages (%),
means (X) and standard deviations (SD), or medians
(Mn) and interquartile range in the variables that did
not have a normal distribution.

For the analysis of the differences between the clini‐
cal and biochemical parameters, and their association
with vascular calcification, statistical T‐Student tests,
Chi‐square test, multiple logistic regression analysis and
non‐parametric tests were used (U‐Mann Whitney)
when necessary, with a 95% confidence interval (CI),
and considering a value of p<0.05 as statistically signi‐
ficant.

For survival analysis, Kaplan Meier curves were cal‐
culated, along with multivariate logistic regression and
Cox regression analysis. Statistical analysis was carried
out using IBM® SPSS® Statistics v.20.00 for Windows
software.
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RESULTS

Table 1 shows the general characteristics of
the patients included in the study. Regarding
the biochemical parameters related to bone
mineral metabolism in the six months prior
to transplant, the mean serum calcium value
was 9.17±0.85 mg/dl, serum phosphorus
4.45±1.31 mg/dl, albumin 38.3±4.4 mg/dl,
hemoglobin 11.3±1.9 g/dl and the median
of PTH of 244 pg/ml, with an interquartile
range between 150 and 360.

The donors’ mean age was 54±12 years,
with a correlation with the age of the reci‐
pients of R=0.645 (p<0.001), the never
functioning graft rate was 3.5%, the per‐
centage of initial dysfunction of the graft
with subsequent recovery was 35.5%, the
acute rejection rate was 11%, and the mean
HLA compatibility was 2±1.

In the analyzed areas, 66.4% of the study
patients presented some type of radiological
vascular calcification, with no differences
between the different dialysis modalities.
Thus, 64.2% had calcification at the abdomi‐
nal aorta level, 53% had calcification at the
iliac level, 40.6% had calcification in the fe‐
moral region and 23.9% had calcification in
the uterine or spermatic arteries, although
reference here will only be made to calcifi‐
cation in the abdominal aorta. The baseline
characteristics of the patients and the para‐
meters of the CKD‐MBD, according to the
existence or not of previous radiological vas‐
cular calcification, are shown in table 2.

The overall prevalence of vertebral frac‐
tures in the pretransplant studies was 8.4%; regarding
bone densitometry studies (n=39), the values of bone
mass in the spine were 0.915±0.176 g/cm2, with an ave‐
rage T‐score of ‐1.3±1.6, and of 0.717±0.131 g/cm2 in the
hip, with an average T‐score of ‐1.3±1.1, significantly
lower in patients with radiological vascular calcification
(1.1±1.1 vs. ‐0.6±0.9; p=0.045). The results and characte‐
ristics of the patients, based on the previous detection or
not of vertebral fractures, as well as the result of the avai‐
lable bone densitometries (n=39), are shown in table 3.

A strong association has been found between vascu‐
lar calcification and vertebral fractures (present in 95%
of patients with vascular calcification), and in turn with
bone densitometry values, as shown in figure 1. The re‐
sults of the analysis of logistic regression of risk factors
for vascular calcification are shown in table 4.

The evolution of the biochemical parameters of bone
mineral metabolism and renal graft function in the post‐
transplant follow‐up is shown in figure 2. A lower GFR
was observed in all the patients who had calcification, and
by analyzing the decrease in GFR among the 3 and 24
month follow‐up, an average reduction of 3.36 ml/min in
patients with vascular calcification in some territory, com‐
pared to an increase of 7.31 ml/min in patients without
vascular calcification. The results of the multivariate Cox
regression analysis, to evaluate the risk factors for the de‐
crease of the GFR in the post‐transplant follow‐up, are
shown in table 4.

The overall mortality rate from all causes was 13.8%,
of which 35% were of cardiovascular etiology, 25.8%
from infectious complications, 16.1% from neoplastic

etiology, and the rest from other causes.  Patient survi‐
val was significantly lower in the group of patients with
vascular calcification (131±1.5 months without calcifi‐
cation compared to 110±3.5 months with vascular cal‐
cification, p<0.001), as shown in the Kaplan‐Meier
analysis in figure 3. Analyzing the mortality of cardio‐
vascular etiology exclusively (ischemic stroke or acute
myocardial infarction), the findings were identical (Log
Rank=7.43, p<0.001), without any patient without pre‐
vious vascular calcification presenting a fatal cardiovas‐
cular event. The independent risk factors for mortality,
according to the multivariate Cox regression analysis,
both cardiovascular and for all causes, are shown in
table 5, where the results of the bone densitometry stu‐
dies were not included, given their small number. The
vertebral BMD was 0.902±0.172 g/cm2 in the non‐de‐
ceased patients (n=37) compared to 1,114±0.096 g/cm2

in the deceased (n=2) (T‐score ‐1.5 vs. 0.6 ), and the
BMD at the hip level was 0.721±0.134 g/cm2 in the non‐
deceased compared to 0.678±0.044 g/cm2 in the dece‐
ased (T‐score ‐1.4 vs. ‐2), with no statistical difference
between groups.

DISCUSSION

Cardiovascular mortality is the main cause of death in kid‐
ney transplant patients, with an annual risk of lethal or
non‐lethal events 3 to 5% higher than in the general po‐
pulation. Death with a functioning renal graft accounts for
up to 42% of graft losses, with cardiovascular being the
most frequent cause, with a prevalence of between 36 and
55%13 according to the series (in our series, 35%).

Table 1. General characteristics of the patients included in the study

N=310

Age (years), X ± DE 55 ± 12

Sex (man), % 61.6

Height (cm), X ± DE 166 ± 9

Average weight (kg), X ± DE 74 ± 15

BMI (kg/m2), X ± DE 26.68 ± 4.84

CKD etiology, %
Glomerulonephritis
HPD
Idiopathic
Mellitus diabetes
Arterial hypertension
Others

24.5
18.4
15.5
13.4
11.6
6.1

Modality TRS, %
HD
PD
CKD 

56.5
35.8
7.7

Dialysis T (months), Mn [Rn] 15 [8‐31]

HT (Yes), % 86.1

HD (Yes), % 21.3

DL (Yes), % 39

Active smoking (Yes), % 21.3

N: study population; X: mean; SD: standard deviation; BMI: body mass index;
CKD: chronic kidney disease; HPD: hepatorenal polycystic disease; HD: hemodialysis;
PD: peritoneal dialysis; CKD: advanced kidney disease; T: time; Mn: median; Rn:
range; HT: arterial hypertension; DM: diabetes mellitus; DL: dyslipidemia.
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The role of bone mineral metabolism associated di‐
sorders with CKD in the morbidity and mortality of kid‐
ney transplantation has already been described by other
authors8,14. One of the main manifestations of CKD‐MBD
is vascular calcification. There are numerous methods
for detecting calcification and multiple scales to quantify
it. Cianciolo et al.6, in their 2014 meta‐analysis, included
up to 13 calcification studies in kidney transplant reci‐
pient patients, evaluating different territories and using
different diagnostic techniques. In most of these studies,
a progression of calcification was observed in the post‐

transplant in all the territories, depending on their initial
severity15.

The presence of vertebral fractures also has a nega‐
tive impact on the prognosis of CKD patients, being an
independent mortality factor in CKD patients in stages
3‐5, and has been associated with the existence of vas‐
cular calcifications in patients on hemodialysis10, and in
studies in the general population16. These findings are
identical to those of our series, where the existence of
previous vertebral fractures increased the risk of vascu‐
lar calcification by nine times.

Table 2. Baseline characteristics, existence of vertebral fractures and transplant data of the patients based on the existence of
radiological vascular calcification in any territory prior to the transplant

No VC (N=104) Yes VC (N=206) p

General and anthropometric data

Age (years), X ± SD   >60 years,  % 48 ± 13   17.9 58 ± 10   42.8 <0.001**

Sex (man), % 48.7 64.2 0.01*

BMI (kg/m2), X ± SD 25.52 ± 5.93 26.98 ± 4.36 NS**

Kidney disease and replacement therapy facts

Modality RRT: HD, % 51.3 62 NS *

Modality RRT: PD, % 48.6 37 NS*

Dialysis T >12 months, % 53 66 0.04*

Residual diuresis (ml), X 731 635 NS**

Cardiovascular risk factors and clinical history

DM (Yes), % 12.8 31.1 <0.001*

HT (Yes), % 83.3 87.7 NS*

DL (Yes), % 25.9 45.7 <0.001*

Smoking (Yes), % 19.2 33.1 0.018*

Biochemical parameters of CKD-MBD in the 6 months prior to transplantation

Ca (mg/dl), X ± SD 9.21 ± 0.97 9.14 ± 0.78 NS**

P (mg/dl), X ± SD 4.23 ± 1.21 4.57 ± 1.35 NS**

PTH (pg/ml), X ± SD 253 ± 221 299 ± 208 NS**

Alb (mg/dl), X ± SD 38.5 ± 4.7 38.25 ± 4.3 NS**

Hb (g/dl), X ± SD 11.4 ± 1.2 11.4 ± 1.1 NS**

Kidney transplant facts

Donor age (years), X ± SD   <50 years, % 51 ± 12   78.2 56 ± 12    59.1 0.001**

Graft not functioning, % 2.5 5.1 NS*

Initial dysfunction (Yes), % 24.3 41.5 0.007*

Acute rejection (Yes), % 8.9 9.7 NS*

>2 HLA compatible, % 32 27.9 NS*

Radiological evaluation of vertebral fractures and BMD

Fractures (Yes), % 1 12 0,002*

Vertebral BMD (g/cm2), X ± SD 0.929 ± 0.191 0.905 ± 0.171 NS**

Vertebral T‐score, X ± SD ‐1.2 ± 1.7 ‐1.4 ± 1.6 NS**

Hip BMD (g/cm2), X ± SD 0.751 ± 0.126 0.694 ± 0.132 NS**

Hip T-score, X ± SD -1.1 ± 1.1 -1.6 ± 0.9 0.045**

N: number of patients; X: mean; SD: standard deviation; BMI: body mass index; RRT: renal replacement therapy; HD: hemodialysis; PD: pe‐
ritoneal dialysis; T: time; DM: diabetes mellitus; HT: arterial hypertension; DL: dyslipidemia; Hb Ca: calcium; P: serum phosphorus; PTH:
paratohormone; Alb: albumin; Hb: hemoglobin; BMD: bone densitometry; NS: not significant; *: Chi squared; **: T Student.
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However, given the absence of acute symptoms or the
existence of back pain from multiple causes, the existence
of fractures is rarely investigated in daily clinical practice.
A prevalence of vertebral fracture between 8 and 45% has
been demonstrated in patients undergoing kidney trans‐
plantation when bone deformities were investigated17 (in
our series, 8.4% in the six months prior to transplanta‐
tion). Until the recent update of the KDIGO guidelines
(Kidney Disease: Improving Global Outcomes)3, BMD was
not systematically recommended, so in our series we pre‐
sent a limited number of studies. Despite this, we found a
lower T‐score in the femoral neck of patients with vascu‐
lar calcification and in turn associated with the existence
of previous vertebral fractures. Considering bone mass in
the femoral neck a better marker of vertebral fractures
than the lumbar bone mass falls within expectations,
given the possibility of radiological image artifacts, among
others, due to aortic calcification itself18. Furthermore,
there are PTH levels in patients before transplantation,
leading to greater involvement in a predominantly corti‐
cal bone location, such as the femoral neck, compared to
predominantly trabecular areas, such as the lumbar spine.
Our results also concur with a recent study that determi‐
nes BMD’s importance as a predictor of fractures in renal
patients19, although carrying out densitometric studies
with a greater number of patients that allow us to ratify
our findings is required.

Among the biochemical parameters, attention is
drawn to significantly higher albumin values among
fractured patients, indicating that these patients’ bone
fragility would not be conditioned by greater nutritional
deterioration20,21.

Simple radiology provides the lowest dose of radiation
possible, allows joint evaluation of vascular calcification
and fractures, and has proven useful as a predictor of
mortality in dialysis patients. Rodríguez et al.10, in a study
of 193 hemodialysis patients who underwent a plain ra‐
diograph of the lumbar spine and pelvis, demonstrated
an increase in the prevalence of calcification in the aorta
of patients with chronic kidney disease on hemodialysis,
and associated its severity with time on dialysis, with ver‐
tebral fractures and with morbidity and mortality.

In our series, the overall prevalence of vascular calcifi‐
cation at the time of transplantation was 66.4%, coinci‐
ding with the findings of previous series10,22. As expected,
the existence of radiological vascular calcification has
been associated with diabetes mellitus prior to transplan‐
tation, sex, time on dialysis of more than 12 months, active
smoking, the existence of vertebral fractures and, above
all, from of the sixth decade. These findings are similar to
others already published, even in the general popula‐
tion6,10,16. No significant differences were found regarding
the existence of calcification between the modalities of
renal replacement therapy, and there were also no diffe‐

Table 3. Vertebral fractures and clinical characteristics of the patients

N: number of patients; X: mean; SD: standard deviation; BMI: body mass index; T: time; Mn: median; Rn: interquartile range; DM: mellitus diabetes;
VC: vascular calcification; Ca: calcium; P: serum phosphorus; PTH: paratohormone; Alb: albumin; Hb: hemoglobin; BMD: bone densitometry;
NS: not significant; *: Chi squared; **: T Student; ***: U Mann‐Whitney.

No fractures (N=284) Yes fractures (N=26) p

General and anthropometric data

Age >60 years, % 32.7 47.6 NS*

Sex (woman), % 40.3 47.7 NS*

IMC (kg/m2), X ± SD 26.73 ± 4.9 27.31 ± 2.98 NS**

Kidney disease and replacement therapy facts

Dialysis T (months), Mn [Rn] 17 [9‐33] 26 [11‐32] NS***

Cardiovascular risk factors and clinical history

DM (Yes), % 27% 9% NS*

Smoking (Yes), % 27.4% 19% NS*

Biochemical parameters of CKD-MBD in the 6 months prior to transplantation

VC (Yes), % 63.9 95 0.01*

Ca (mg/dl), X ± SD 9.1 ± 0.9 9.3 ± 0.6 NS**

P (mg/dl), X ± SD 4.5 ± 1.3 3.9 ± 1.1 0.04**

PTH (pg/ml), X [Rn] 250 [155‐365] 130 [96‐385] NS***

Alb (mg/dl), X ± SD 38.16 ± 4.5 40.34 ± 2.98 0.03**

Hb (g/dl), X ± SD 11.4 ± 1.2 11.5 ± 1.1 NS**

Radiological evaluation of vascular calcifications and BMD

VC (Yes), % 63.9 95 0.01*

Vertebral BMD (g/cm2), X ± SD 0.927 ± 0.172 0.847 ± 0.204 NS**

Vertebral T‐score , X ± SD ‐1.2 ± 1.6 ‐2.1 ± 1.7 NS**

Hip BMD (g/cm2), X ± SD 0.739 ± 0.121 0.599 ± 0.137 0.01**

Hip T-score, X ± SD -1.2 ± 0.9 -2.4 ± 1.2 0.02**
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rences regarding the values of calcium,
phosphorus and serum PTH in the 6 months
prior to transplant, similar to some studies.
published23 where no differences are found
regarding vascular calcification association,
although there is controversy among va‐
rious authors24.

Regarding the renal graft, the age of the
donors was higher in patients with vascular
calcification, and it was correlated with the
age of the recipients (R=0.65; p<0.001),
with higher rates of initial graft dysfunction.
(41.5% vs. 24.3%); This finding is related to
the selection of older donors for older pa‐
tients, in accordance with the protocols of
the different scientific societies that recom‐
mend that organs removed from patients of
a certain age be transplanted in patients in
a range of ± 15 years25. In the post‐trans‐
plant follow‐up, a higher rate of decrease in
the GFR was observed in the group of pa‐
tients with calcification; Although this could
only be attributed to the age of the donors
(lower in patients without calcification), the
Cox regression analysis showed vascular
calcification in any territory as an indepen‐
dent risk factor (OR=2.8; p<0.001). Other
factors, such as the initial graft dysfunction,
which could be understood as predisposing
for a worse posterior evolution, did not
show statistical significance.

No association was found between the
decrease in GFR and the rest of the bioche‐
mical parameters of bone mineral metabo‐
lism evaluated at follow‐up, as in other
recent studies, such as that of Wolf et al.14,
where only FGF‐23 showed an impact in the
evolution of long‐term filtering (not included
in our analysis). In the immediate post‐trans‐
plant, hypercalcemia has been described as
one of the main factors of graft dysfunction
in the medium term, due to the appearance
of tubular microcalcifications26. In our analy‐
sis, the calcaemia did not show an impact on
the decrease in the filtrate. In future studies,
it would be interesting to analyze the impact
of other biomarkers, such as α‐klotho, on
post‐transplant follow‐up.

The overall survival of the patient un‐
dergoing transplantation was greater in
patients without previous radiological cal‐
cification, as occurs in other previous stu‐
dies27, even in the general population28. In
the multivariate analysis, vascular calcifi‐
cation in the abdominal aorta showed an
impact on the mortality of the patients in
the post‐transplant follow‐up, together
with the decrease in glomerular filtration,
smoking, and advanced age. No association
has been found between all‐cause morta‐
lity and the existence of vertebral fractures,
which has been reported by other au‐
thors10,16. Similarly, survival free of fatal
cardiovascular events was greater in pa‐
tients without vascular calcification. In our
cohort, all the patients who died from car‐

(a): the mean hip bone mass values for different categories of vascular calcification
(bars) and the standard deviation of these values are shown in the figures; cm2:
square centimeter; BMD: bone densitometry; g: gram.

Figure 2. Evolution of biochemical parameters and graft function

Figure 1. Vascular calcification, vertebral fractures and hip bone
densitometry in patients undergoing kidney transplantation
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diovascular events had some type of vascu‐
lar calcification in the abdominal aorta, at
least moderate, in addition to having suffe‐
red one or more vertebral fractures, so we
have not been able to analyze its impact on
cardiovascular mortality.

The main limitation of this study is that risk
factors such as immunosuppressive therapy
and infectious complications during follow‐up
have not been included, as well as the small
number of bone densitometry studies availa‐
ble, given the low recommendation for their
performance in previous guidelines2. It is im‐
portant to point out the need to include this
study in daily clinical practice, as part of the
evaluation prior to kidney transplantation,
due to its association with vascular calcifica‐
tion, which in turn determines significant
morbidity and mortality. Another existing li‐
mitation is the absence of regulated vitamin D
measurements, since very low values are as‐
sociated with an increase in the progression
of aortic calcification, as well as mortality, even
in the general population29.

Table 4. Risk factors assessed

Risk factors for the existence of vascular calcification in any territory
(Multiple logistic regression analysis)

Odds ratio (a) (CI 95%) p

Age (>60 years), (34.5%) 4 (1.9-8.5) 0.01

Sex (man), (61.6%) 2 (1.1-3.8) 0.032

Mellitus diabetes (Yes), (23.3%) 2.8 (1.2-6.3) 0.014

Dyslipidemia (Yes), (61%) 1.8 (0.9‐3.5) NS 

Smoking (Yes), (21.3%) 2.6 (1.3-5.6) 0.01

Dialysis T (>12 meses), (58.7%) 2.2 (1.1-4.2) 0.017

Fractures (Yes), (8.4%) 9.2 (1.2-73.4) 0.036

Risk factors for decreased glomerular filtration rate in the post-transplant follow-up
(Cox multivariate regression analysis)

Odds ratio (a) (CI 95%) p

Age >60 years (Yes), (34.5%) 1.2 (0.7‐1.9) 0.42

Sex (man), (61.6%) 0.9 (0.6‐1.4) 0.77

Mellitus diabetes (Yes), (23.3%) 1.1 (0.7‐1.6) 0.8

Dyslipidemia (Yes), (39%) 1.1 (0.7‐1.6) 0.91

Active smoking (Yes), (21.3%) 1.1 (0.7‐1.7) 0.66

Dialysis T (>12 months), (58.7%) 1.4 (0.9‐2.2) 0.09

Donor age <50 years, (65.2%) 0.5 (0.3-0.8) 0.008

Initial dysfunction (Yes), (35.5%) 0.7 (0.5‐1.1) 0.09

Vascular calcification (Yes), (66.4%) 2.7 (1.6-4.4) <0.001

Previous fractures (Yes), (8.4%) 1.3 (0.7‐2.5) 0.45

CI: confidence interval; T: time; NS: not significant; (a): adjusted for all risk factors included in the table. The percentage of patients in the study
cohort that presented this risk factor is shown in parentheses.

Figure 3. Overall survival of the kidney transplant patient based on
the existence of radiological vascular calcification
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The main strength of the study is that it includes the
evolution of renal graft function over time, and its direct
impact on the patient's morbidity and mortality, which
in turn will be directly associated with previous vascular
calcification.

CONCLUSION

The results of our study corroborate that vascular cal‐
cification prior to transplantation (also associated with
vertebral fractures and loss of bone mass) determines
the morbidity and mortality of the patient undergoing
kidney transplantation and, furthermore, allows us to
see its impact on the evolution of the function of the
grafting, regardless of other traditional risk factors.
Plain radiography, cheaper and harmless than other
procedures, and included in most evaluation protocols
prior to kidney transplantation, can therefore give us
certain information on the prognosis and evolution of
patients, and help prevent potential future complica‐
tions. It is relevant to promote not only the best possible

vascular health, but also the least impact on bone tissue
in the progression of CKD before the moment of trans‐
plantation. Therefore, although the study does not have
a high number of patients with densitometry, it is recom‐
mended that it be carried out as a study prior to inclusion
on the transplant waiting list, given the association bet‐
ween bone fragility and vascular calcification, and, in
turn, with the prognosis of both the patient and the kid‐
ney graft.
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Table 5. Risk factors for all-cause mortality and cardiovascular etiology (Cox multivariate regression analysis)

Mortality Global (N= 43) (a) Cardiovascular (N=15) (b)

HR (a) (CI 95%) p HR (a) (CI 95%) p

Age (>60 years), (34.5%) 3.5 (1.4-8.4) 0.005 2.9 (0.7‐12.1) 0.12

HT (Yes), (86.1%) 0.7 (0.2‐1.9) 0.46 0.5 (0.1‐2.5) 0.4

DM (Yes), (23.3%) 1.1 (0.4‐2.3) 0.99 1.1 (0.3‐4.1) 0.92

Dyslipidemia (Yes), (39%) 0.5 (0.2‐1.1) 0.07 0.6 (0.1‐2.2) 0.41

Tobacco (Yes), (21.3%) 4.6 (1.6-12.7) 0.003 4.8 (1.1-23.5) 0.049

VC AA (Yes), (64.2%) 8.8 (1.1-69.3) 0.04

Fractures (Yes), (8.4%) 2.1 (0.5‐7.7) 0.27

↓ GFR (Yes), (50.2%) 4.1 (1.7-12.7) 0.003 12.1 (1.5-99.2) 0.02

N: number of patients; HR: hazard ratio; CI: confidence interval; HT: arterial hypertension; DM: diabetes mellitus; VC: vascular calcification;
AA: abdominal aorta; ↓ GFR: estimated glomerular filtration rate decrease; (a): adjusted for all included risk factors. The percentage of patients
in the study cohort that presented this risk factor is shown in parentheses; (b): the calcification variable of the abdominal aorta and vertebral
fractures were not included in the analysis because they were positive in 100% of the patients who died of cardiovascular mortality.
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Summary
Objetive: The diagnosis of osteoporosis has been based on the measurement of bone mineral density, although this va‐
riable has a limited capacity in discriminating patients with or without fractures. The application of finite element analy‐
sis (FE) on computed tomography volumetric images has improved the classification of subjects by up to 90%, although
the radiation dose, complexity, and cost do not favor their regular practice. Our objective is to apply FE analysis to three‐
dimensional models with dual‐energy x‐ray absorptiometry (3D‐DXA), to classify patients who present osteoporotic
fracture of the proximal femur and those without fracture.
Material and methods: A cohort of 111 patients with densitometric osteoporosis was selected: 62 with fracture and
49 without it. Subject‐specific FE models for impact were used, such as static simulation of lateral fall. Impact simulations
allow identifying the critical region in 95% of cases, and the mechanical response to maximum lateral force. An analysis
was performed using a discriminative classifier (Support Vector Machine) by fracture type, tissue and gender, using DXA
measurements and biomechanical parameters.
Results: The results showed a classification sensitivity of 100%, and a false negative rate of 0% for cases of neck fracture
for trabecular bone in women. The variable major main stress (MPS) is identified as the best parameter for the classifi‐
cation.
Conclusion: The results suggest that using 3D‐DXA models help in order to better discriminate patients with raised frac‐
ture risk.

Key words: bone densitometry, DXA, bone strength, finite elements, X‐ray.

INTRODUCTION

The increase in the elderly population and the growing con‐
cern about the consequences of fractures, together with in‐
sufficient rates of detection of situations of bone fragility1,2,
has increased the indication of the assessment of fracture
risk in people of both sexes older than 64 years3. The dual‐
energy X‐ray absorptiometry (DXA) technique is currently
the clinical standard for this type of bone measurement.

Nowadays, when evaluating the risk of fracture, diffe‐
rent methods are applied, although the most widely
used include the presence of clinical risk factors and the
measurement of areal bone mineral density (BMD).
Bone measurements are made in the proximal femur
and lumbar spine using DXA. However, BMD only allows
a limited assessment of the mechanical determinants of
bone fracture4,5.
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Finite element analysis (FE) has been applied to assess
bone resistance in volumetric bone models, based on
computed tomography (CT) scans, precisely identifying
the subject‐specific mechanical determinants of fracture.
This type of analysis includes the three‐dimensional geo‐
metry of the bone, the quantity and distribution of bone
tissue, and the loads to which the bone is subjected6. With
this process, the limitations of the BMDa are overcome.
CT‐based models of FE have been extensively validated ex
vivo7‐12, and have shown better performance compared to
a BMD in predicting proximal femur resistance in vitro6,13.
A significant association between bone fractures and es‐
timated resistance with FE has also been reported in an
in vivo study14. 

Numerical models have also addressed fracture risk
classification in recent years. In this sense, the bone resis‐
tance obtained from the analysis by FE is a better classifier
than the BMDa15,16. Falcinelli et al.15 studied the effect of
the load condition on fracture through bone resistance. In
this study, in the analysis of ROC curves (Receiving Opera‐
ting Characteristic), the area under the curve (AUC), both
in position and under multiple load conditions, was higher
than the values obtained for the BMDa. Qasim et al.16 poin‐
ted out that bone strength calculated from CT images with
FE was a more reliable predictor of fracture than BMDa
obtained with DXA. Both studies used logistic regression
to classify fractures.

Nishiyama et al.17 classified 35 cases of women suffe‐
ring osteoporotic fractures through femur resistance ob‐
tained using a FE model based on quantitative CT (QCT),
comparing their classification power with the vBMD.
The results obtained with the vector support machine
technique showed AUC values of 0.79 and 0.94 for tro‐
chanter and neck fractures, respectively. Despite the
achievement obtained in this type of study, QCT‐based
FE models are far from becoming routine clinical prac‐
tice. Recently, DXA‐based three‐dimensional (3D) FE
models allowed discrimination of fracture cases with
AUC >0.80 by using the major principal stress (MPS) as
a parameter for discrimination, analyzing for bone tissue
type, class of fracture and gender.

A possible improvement of the mechanical analysis
of the femur fracture encompasses the study of fracture
by regions, which allows filtering the most relevant data
of the calculation. However, robust criteria are required
to correctly estimate high fracture risk areas and opti‐
mize analysis. Furthermore, in most published numeri‐
cal studies, simulation of a lateral fall has focused on a
single load vector. In real conditions, the main load vec‐
tor, origin of the fracture, may have a different orienta‐
tion from that assumed in the FE models, affecting the
distribution of internal loads and, consequently, the
most relevant areas of interest. Some authors18 have al‐
ready expressed the need for a broader approach in  si‐
mulating the load component, among the various
determining factors of bone fracture. In the only study
in which three fall load conditions were simulated19, diffe‐
rences in the results were evident. 

Therefore, our hypothesis was that the analysis of one
of the first diagnostic radiographs of the fracture allows
us to infer the spatial orientation of the main load, and
to identify the weakest structural sector of the proximal
femur, by simulating FE fall. Our objective, then, was to
verify, in a case‐control study of proximal femur fractu‐
res, whether the association of biomechanical parame‐
ters related to bone resistance derived from DXA‐based

FE models improves, taking into account the most ad‐
vanced representations of the loads associated with the
fall and the most affected areas of the bone.

MATERIALS AND METHODS

Subjects
The methodology applied in this study and the use of cli‐
nical data and medical images were evaluated by the
ethics committee of the University Hospital Mutua de
Terrasa, receiving their approval in November 2016.

DXA test data from 111 patients of both sexes with in‐
dication of bone densitometry were used, which had been
explored in the CETIR department at the University Hos‐
pital Mutua de Terrassa. All patients presented osteopo‐
rosis,  according to the WHO classification, (T‐score of
lumbar spine, neck of the femur or total area of the femur
<‐2.5). There was no selection in patients with fracture
under the criterion of a T‐score >‐2.5. Of these patients, 62
had recently suffered a fracture in one of the sectors of the
proximal third of the femur after a fortuitous fall (group
of cases), and 49 patients, with similar characteristics in
terms of age, weight, height, and category according to
T‐score, had no history of previous fracture (control
group). Patient data have been described in table 1, consi‐
dering the type of fracture and gender.

Medical images
∙ X-rays
The images scanned or by intra‐PACS (Picture Archi‐

ving and Communication System) of the radiographs of
the proximal third of the femur, made to confirm the
diagnosis of fracture upon admission to the Hospital’s
Emergency Department, and prior to limb surgery in
which the injury was suspected. From the X‐rays of the
pelvis and upper sector of the femur in anteroposterior
and lateral views, those were selected that reliably sho‐
wed the fracture, its exact location, the number of frag‐
ments and its displacement.

Taking into account the presence and location of the
alterations, the following classification was established:
a) Alterations in the neck of the femur:

1. Valgus impact on the femoral head.
2. Complete neck fracture without displacement of

fragments.
3. Varus displacement of the femoral head.
4. Complete continuity solution between both frag‐

ments.
b) Trochanter alterations:

1. Comminuted fracture with detachment of the lesser
trochanter; the caudal end of the neck fragment is located
within the medullary cavity of the femoral shaft, with a
comminuted posterior wall.

2. Comminuted fracture with the lower end of the
neck outside the shaft, medial deviation.

3. Trochanteric fracture where the shaft is displaced in‐
ward; with an inverse trace to the first type of alteration.

∙ DXA
DXA testing in patients who have suffered a fracture

of the upper third of the femur is carried out a few days
after suffering the fracture, and after surgical treatment,
according to the type of fracture.

A Prodigy Advance DXA densitometer (GE Healthcare,
Madison, Wisconsin, USA) was used. This device employs
a narrow angle fan beam that produces X‐rays at two diffe‐
rent low energies using a cerium K filter, with minimal
image distortion. All patients were positioned and scanned
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taking into account the manufacturer's
recommendations. The patients were
placed on the DXA examination table in
the supine position, with the feet toge‐
ther, and an internal rotation of the leg to
be scanned of 25‐30º. EnCore V12.3 soft‐
ware was applied in the analysis. The DXA
scan was carried out on the opposite
femur to the one that had suffered the
fracture, following the manufacturer's re‐
commendations and the official positions
of the ISCD (The International Society for
Clinical Densitometry).

In patients without fracture, exploration was carried
out with similar criteria in the lumbar spine and right
femur.

∙ 3D-DXA
The DXA files of the proximal femur obtained in two‐

dimensional (2D) posteroanterior projection were re‐
constructed to 3D using 3D Shaper® software (version
2.6, Galgo Medical, Barcelona, Spain), with which speci‐
fic 3D models of each subject were obtained, according
to the modeling method implemented and described14.
Briefly, the algorithm uses a 3D statistical model of pro‐
ximal femur shape and density, constructed from a da‐
tabase of quantitative computed tomography (QCT)
scans of Caucasian men and women. The variables cal‐
culated from the 3D reconstruction are:

‐ Volumetric bone mineral density (BMD): mg/cm3,
in trabecular bone, cortical bone and integrated bone.

‐ Cortical bone thickness in the following regions: fe‐
moral neck, trochanter, diaphysis and total area.

‐ Cortical surface density: variable obtained by mul‐
tiplying the density of the local cortical bone by the cor‐
tical thickness (in mg) at each point on the external
cortical surface (in cm2).

∙ Patient-specific FE models
The creation of the 3D FE models followed the me‐

thodology described in previous works20,21. In total,
111 models were reconstructed from the DXA scan
files. The bone was considered an isotropic elastic ele‐
ment with a poisson factor of 0.322. The volumetric dis‐
tribution of bone density (BMDv) was obtained for
each model, and the bone stiffness for cortical and tra‐
becular bone was calculated using the following empi‐
rical relationships23,24:

Ecortical = 10200 ρash 2.01 [1]

Etrabecular = 0.0057 ρapp 1.96 [2]

where Ecotical and Etrabecular are Young's cortical and tra‐
becular modulus (in megapascals, MPa), respectively,
ρash is the density of bone ash in g/cm3, and ρapp is the
bulk density in g/cm3. The last two were calculated with
the following expressions25:

ρash = 0.87 ρQCT –0.079 [3]

ρapp =
ρash

0.6
[4]

where ρQCT is the density obtained by the QCT images
approximated by the vBMD, in g/cm3, obtained by the
3D Shaper® software (Galgo Medical).

Simulations 
∙ Fall simulations
Lateral fall simulations were performed for all mo‐

dels. The simulation consisted of the axial movement of

the femur and the impact on a solid surface. A maximum
constant velocity was applied to the top of the femoral
head in the axial direction toward the surface that was
fully fixed (Figure 1a). The speed (Vimpact) was patient
specific taking into account the patient’s height (h) and
the force of gravity (g) according to the equation [5]26.

Among the biomechanical variables, the major prin‐
cipal stress (MPS), which is the maximum absolute value
between the maximum and minimum principal stresses,
was used to identify critical regions, which can be com‐
pared with radiographs taken immediately after the
fracture, to validate model predictions.

Vimpact = √2 . g . hc [5]

hc = 0.51h [6]

∙ Static simulations
The mechanical response of the femur due to the lateral

fall, was assessed by means of static simulations. A maxi‐
mum fall force (Ffall) was applied to the top of the femoral
head, the lesser trochanter was restricted in the direction
of the force, and the base of the proximal femur was fixed
in all directions (Figure 1b). The fall force depends on the
weight and height of the patient27. The values of maximum
principal strain, major principal strain (MPE), strain energy
density (SED), maximum principal stress, and major major
stress (MPS) were analyzed in the region of interest (ROI)
obtained from the drop simulations. for the trochanter and
neck areas. All FE calculations were performed with ABA‐
QUS v2018 kit (Dassault Systèmes Simulia Corp., Johnston,
Rhode Island. USA). Deformation (strain) is the modification
of the dimension in relation to the dimension prior to stress,
expressed in unit length. The tension (stress) is the pressure
per unit area and is expressed in pascals (Pa). In our case,
the magnitude of the results necesitates using megapascals
(Mpa). 

ROC-AUC analysis
Following the guidelines of the study by Ruiz Wills et al.21,
the discrimination power of six parameters was tested:
the BMDv related to the DXA images extrapolated in 3D,
and 5 parameters derived from the FE simulations, ie, the
maximum principal deformation, the MPE, the SED, the
maximum main voltage and the MPS. The analysis con‐
sidered the groups of patients (cases and controls), type
of fracture (neck and trochanter), type of bone (trabecu‐
lar and cortical) and gender (female and male). The area
under the ROC curve was used to quantify the discrimi‐
nating power of the evaluated parameters. In addition, a
5 and 4 iteration cross validation was applied for the
neck fracture and trochanter discriminations, respecti‐
vely. This technique is used in artificial intelligence ins‐
truments to validate the generated models, guaranteeing
that the partition between training and test data is inde‐

Table 1. Number of patients recruited by group, sex and type of fracture

Sex
Fractures

Controls
Neck Trochanter

Women 26 19 37

Mens 10 7 12

Total 36 26 49
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pendent. It consists of repeating and calculating the
arithmetic mean obtained from the evaluation measure‐
ments on different partitions. The cross validation pro‐
cess is repeated during k iterations, with each of the
possible subsets of test data. Finally, the arithmetic mean
of the results of each iteration is performed to obtain a
single result. This method is very accurate since it is eva‐
luated from K combinations of training and test data.

Classification method
The Support Vector Machines (SVM) were used to classify
the fractures. SVM are a set of supervised learning algo‐
rithms which solve situations in which an optimal separation
between components of a cohort is required, and in which
classification and regression problems can occur. The analy‐
sis used the same parameters evaluated in the previous sec‐
tion: one related to DXA images and five biomechanical
variables obtained from the FE analysis. All parameters were
normalized with the mean and the standard deviation:

Xnormalized = X – X [7]

SD
where X are the values of the parameter to normalize, X
is the mean of the parameter values for all the elements
of the analyzed area, and SD is the corresponding stan‐
dard deviation.

In addition, the group to which the patients corres‐
ponded were considered as the type of fracture. The tis‐
sue and sex were selected from the results, where the
power of discrimination, obtained in the previous sec‐
tion, was the highest. A 5‐iteration cross‐validation was
included in the analysis. The false negative rate (type II
error) was verified as the type of error that should be
null or small to consider the analysis to be good.

RESULTS

Region of interest (ROI)
The impact simulation allowed identifying areas in the

femur with maximum MPS values. The neck fracture
group showed 15,023 elements (geometrically regular
fragments into which the bone volume is divided after
meshing the finite elements) with high MPS values,
while the trochanter group had 42,880 elements (Figure
2). The number of elements identified is 17.9% and 37%
lower than the elements used in a previous study carried
out in our group for the neck and trochanter, respecti‐
vely21. The area identified for each type of fracture coin‐
cided 95% of the time with the fracture line of the
available post‐fracture X‐ray images (Figure 3). As a re‐
sult, the identified elements were used to carry out the
ROC‐AUC analysis and classification.

ROC analysis
ROC analysis was carried out regarding the patients’
gender. As shown in table 1, the number of men was very
small compared to the number of women for both types
of fractures. To avoid any misinterpretation of the re‐
sults, the analysis was applied only to the female popu‐
lation. Table 2 presents the AUC values obtained in the
analysis. In trabecular bone, the lowest AUC values were
0.65 for the BMV, and the highest were 0.82 for the MPS,
followed by the SED with 0.76, for patients with neck
fractures. Trochanteric fracture cases showed similar re‐
sults, with AUC values of 0.72, 0.82, and 0.83 for BMD,
SED, and maximum principal tension, respectively. The
maximum AUC value was 0.93 for the MPS. Regarding
cortical bone, the BMDv had AUC values of 0.57 and 0.61
for neck and trochanter fractures, respectively. The MPS
for trochanter cases provided the highest AUC value:
0.80.

Classification
Based on the results obtained in the previous section,
the SVM technique was applied to the data for women,
trabecular bone in neck and trochanter fractures. The

A B

νimpact Ffall

Figure 1. Limiting conditions of the simulations: A) impact simulations, and B) static simulations
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confusion matrix for neck fracture sho‐
wed that the 15 patients without frac‐
ture (15/26) were correctly classified,
and there was a perfect classification of
fracture cases (Figure 4a). For trochan‐
ter fractures, 17 (17/23) and 13 (13/15)
control and fracture cases were co‐
rrectly classified, respectively (Figure
4b).

The number of type I errors (false po‐
sitive, yellow in figure 4) was 11 (11/37)
and 2 (2/15) for neck and trochanter
fractures, respectively. Furthermore, in
trochanteric fractures, 6 cases (6/23)
were predicted as a control when, in fact,
they fractured: this was a type II error
(False negative, red in figure 4).

Equations 8 and 9 represent the li‐
near Kernel equation of the trabecular
bone for neck and trochanter fractures,
respectively. The values represent the
specific weight of each variable in the
classification process. The variables SED,
maximum main tension and MPS, all
presented a greater weight than the
BMDv, in cases of neck fracture. Regar‐
ding the trochanteric fracture, the MPS
variable was the only one that exceeded
BMDv. For both types of fractures, the
variables related to deformation, that is,
the maximum main deformation and the
MPE were the least significant of all.

Mneck = 1.31 (vBMD) + 0.15 (Max. Prin. Strain)

+ 0.54 (MPE) + 1.96 (SED) + 1.80 (Max. Prin. Stress)

‐ 2.60 (MPS) ‐1.13 [8]

Mtrochanter = 1.33 (vBMD) - 0.42 (Max. Prin.
Strain) - 0.38 (MPE) + 1.17 (SED) + 0.49 (Max. Prin.
Stress) + 2.15 ‐ 1.87 [9]

DISCUSSION

The impact simulations permitted the identification of
critical elements, according to the high MPS values. This
result led to refinement of ROI for static simulations (Fi‐
gure 5). On the one hand, the selection of critical ele‐
ments such as ROI makes it possible to exclude elements
that could contribute noise in the identification of criti‐
cal stress or deformation concentrations in these areas.
On the other hand, refinement of ROI accelerated data
extraction and analysis in general.

Consideration of fracture areas is not common in the
literature, and when considered, the ROI used is selected
according to the anatomical region defined for each type
of fracture. As far as we know, this is the first study to
use mechanical fields obtained with FE simulations to
define ROI for the neck and trochanter areas. This ROI
coincides with the fracture lines observed on radio‐
graphs taken immediately after the fracture occurred.
This result indicates that the impact model is valid for
the identification of critical areas for fracture cases. It is
relevant to mention that the ROI defined in our study
came from the average of all the critical elements of the
models for each type of fracture, that is, neck or trochan‐
ter.

The ROC‐AUC analysis for the trabecular bone indi‐
cated that the AUC values for the SED, the maximum
main tension and the MPS were higher than the values
of the BMDv, for both the neck fracture and the trochan‐
ter (Table 2). The AUC for MPS increased its discrimina‐
ting power by 2% (from 0.91 to 0.93) with the new ROI
of the trochanter compared to that previously reported
in the literature21. This increase may be small in absolute
terms; however, a 2% increase in AUC values greater
than 0.90 is an excellent result. AUC values  for cortical
bone in the ROI of the trochanter were 0.8, representing
an improvement of 13% compared to the values repor‐
ted in a previous study (0.67)21. These results indicate
that the selection of the ROI for the analysis has an im‐
portant influence on the discrimination results. Further‐
more, this result confirms that MPS could be the best
parameter for fracture classification, as presented in a
previous study carried out in our laboratory21.

Classification analysis was carried out using a VSM
only for trabecular bone and women. The results showed
a perfect classification, with a sensitivity of 100%, of the
cases of femoral neck fracture. Regarding patients wi‐
thout fracture, 58% of cases were classified as true nega‐
tives, that is, a specificity of 58%, and the rest of the cases
were predicted as fractures. These 11 erroneous classi‐
fied cases correspond to type I error (false positive),
which means that the prediction says that the patient will

Figure 2. Area with high values of major main tension (MPS). The blue
elements correspond to the element for neck fractures and the red
elements are for the trochanter fracture

Figure 3. Comparison between the fracture line and the critical area
identified for a neck fracture case with high values of major major
stress (MPS)
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suffer a fracture when this will not happen or has not yet
happened, with the greatest inconvenience of asking the
patient to undergo a test or take medicine when it is not
necessary. This type of error, in clinical practice, would
not be so bad, since steps could be taken to prevent the
fracture that may not occur. On the contrary, if the predic‐
tion led to a type II error, it would be a worse scenario,
since it would indicate that the patient will not suffer any
fracture when it really will. No type II error was found for
the classification of femoral neck fracture.

For trochanteric fractures, 68% of fracture cases were
predicted as a fracture (68% sensitivity), with 6 patients
predicted as a control when they fractured, i.e. type II
error. A possible explanation could be the definition of
ROI for trochanter analysis. Although the ROI was selec‐
ted based on the critical mechanical fields, the ROI could

include some elements that could really affect the results
obtained. However, 89% of the control cases were classi‐
fied as a control (specificity of 89%), and only 2 cases
were obtained as a type I error. These results suggest that
a larger number of patients may be necessary to extrapo‐
late the results of trochanteric fracture case. 

In both cases of fracture, the AUC value for fracture pre‐
diction was 0.79. For trochanteric fracture, these values
coincide with the values reported in the literature for the
same type of fracture19. These results suggest that the 3D‐
DXA‐based volumetric femur model may work the same
as the QCT‐based FE models for the classification of tro‐
chanteric fractures. This would be a key point for the use
of FE models in routine clinical practice, since DXA explo‐
ration can be applied to patients to make the predictive as‐
sessment of possible fractures. The AUC for neck fracture

A B

Figure 4. Confusion matrix of Support Vector Machine (SVM) for women and trabecular bone: A) neck fracture, and
B) trochanter fracture. In green are the true positive cases, in orange the true negatives, in yellow the false positives
(type I error) and in red the false negatives (type II error)

Figure 5. Refinement of the region of interest for: a) neck fracture, and b) trochanter fracture
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was lower than that reported in the literature using a
model based on the QCT19. The AUC value highlights the
total number of successfully classified cases, including
fractures and controls. However, as previously discussed,
there were no type II errors in the classification of neck
fracture cases. Overall, these results also indicate that our
model can be used to reliably predict neck fractures.

The present study presents certain limitations. The
number of men needs to be increased. The extrapolation
of the results obtained would be reinforced by the study
of a greater number of men. This would provide a better
understanding of fracture classification using FE models.
Regarding the properties of the bone: the stiffness of the
trabecular and cortical bone was calculated using empi‐
rical relationships based on BMDv. Macroscopic bone
properties can be estimated from the nanoscale bone
composition through the theory of homogenization28‐31.
However, the stiffness estimate used in this study is ac‐
curate, since the fracture mechanism is outside the
scope of our objective32. The model used in the drop si‐
mulations could only move in the direction of speed.
Such a restriction could influence the mechanical res‐
ponse of the bone. However, the impact related to the la‐
teral fall occurs in seconds or a fraction of seconds, and
it is highly likely that the damaging force peak will ac‐
tually occur in the direction of speed, just before impact.
As such, restricting all degrees of freedom except in the
direction of speed is a reasonable approach. Another
point to consider is that the participation of the skin and
soft tissues in the impact with the surface has not been
taken into account. However, the subject‐specific fall
force used in the static simulation includes the influence
of soft tissues27. The subject‐specific drop force used in
the static simulations was set in one direction. The angle
of force has been reported to affect the mechanical res‐
ponse of the bone33,34. The angle of application of the
force was not modified in this study to simulate the ma‐
ximum effect that the falling force can have on the me‐
chanical response of the bone. The definition of ROI for
neck and trochanter fractures needs to be improved.
This study showed that the selection of ROI could in‐
fluence the results obtained. Automatic subject‐specific
selection of critical elements can be implemented, by
identifying significant differences between the mecha‐

nical field obtained from the simulations. This aspect
needs to be further explored.

The next step would be to find a strong correlation
between the MPS and the parameters derived from the
DXA. To achieve this goal, the number of data must be
increased to guarantee the accuracy of the correlation
found. Once the correlation is established, MPS estima‐
tion and hip fracture prediction can be accomplished wi‐
thout the need for any numerical simulation, which can
definitely save a lot of time in diagnosis. In this sense,
the use of MPS as a fracture classifier/predictor in regu‐
lar clinical practice may be possible in the near future.

The identification of the MPS variable, with a high
predictive value for fragility bone fractures, opens a new
stage in obtaining a diagnostic instrument that will po‐
tentially allow patients to be identified on the basis of
decreased bone strength below of a subject‐specific cri‐
tical level. Inferring the result of this MPS variable from
3D bone measurements is the following objective and its
integration with clinical fracture risk factors, not only
with the application in femur fractures, but also in the
main osteoporotic fractures.

CONCLUSIONS

DXA‐based 3D FE femur models could be an appropriate
tool for classifying patients who may suffer fractures.
Defining specific regions of interest for the analysis area
would improve the quality of the classification. As such,
the definition must be done carefully. Overall, our results
suggest that, in clinical practice, FE models of the femur
from DXA scans can be used in routine practice to help
prevent hip fractures. The number of examinations
needs to be increased to define the correlation between
MPS and DXA parameters, in order to avoid the use of
simulation and accelerate the reliable classification of
fracture patients. This point requires continuity in the
line of studies and a careful review of the results, mode‐
ling a future fracture predictive instrument from DXA
explorations with a biomechanical approach, including
other well‐recognized clinical risk factors.

Funding: This study has been possible with the sup-
port of the FEIOMM research  grant and financial aid
from MINECO (RYC-2015-18888).

Conflict of interests: Authors declare no conflict of interests.
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Table 2. AUC values, in the analysis of ROC curves (average cross-validation) for women by ROI and type of bone tissue

Variable
Femur neck Trochanter

Trabecular Cortical Trabecular Cortical

BMDv 0.65 0.57 0.72 0.61

Maximum main deformation 0.65 0.72 0.53 0.65

Major main deformity (MPE) 0.64 0.72 0.55 0.64

Deformation energy density (SED) 0.76 0.73 0.82 0.67

Maximum main voltage 0.82 0.74 0.83 0.74

Higher main voltage (MPS) 0.82 0.74 0.93 0.80

AUC: area under the curve; ROC: receiving operating characteritics; ROI: region of interest.
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Summary
Objetive: Transient hypocalcaemia due to hypoparathyroidism is the most frequent complication of cervical surgery
(thyroid and parathyroid) and also of reoperations. If mild, hypocalcaemia attributed to hypoparathyroidism is associated
with few symptoms or with severe symptoms such as seizures, heart failure, or laryngospasm, in severe cases. Both
transient and permanent hypoparathyroidism can have important repercussions on the health of patients. Establishing
appropriate protocols are required to prevent, assess and treat these conditions.
Material and methods: A systematic bibliographic search was carried out in Pubmed.gov of available evidence from
articles in English and Spanish with inclusion dates until May 2019. Recommendations were made based on the GRADE
system (Grading of Recommendations, Assessment, Development and Evaluation).
Results and conclusions: We propose a consensus for patient management of those who are going to undergo thyroid or
parathyroid surgery, with different sections for the different stages of the process. This is intended to help clinical deci‐
sion‐making, assist in the discharge process and make referrals to outpatient consultations, thus optimizing resources.

Key words: hypoparathyroidism, hypocalcemia, thyroidectomy.
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INTRODUCTION

Transient hypocalcaemia due to hypoparathyroidism is
the most common complication of cervical surgery
(thyroid and parathyroid) and also of reoperations. The
deficiency of parathyroid hormone (PTH) secretion cau‐
ses postoperative hypocalcemia due to an inhibition of
bone resorption, a decrease in the synthesis of 1‐25‐
dihydroxy vitamin D by the kidney and reduced intesti‐
nal calcium absorption. Some associated comorbidities,
such as malabsorption, gastric bypass, and bisphospho‐
nate therapy, may promote parathyroid failure. When
PTH secretion is insufficient, hypocalcemia develops.
Hypocalcaemia due to hypoparathyroidism is associated
with few symptoms, if the hypocalcaemia is mild. In se‐
vere cases,  symptoms include seizures, heart failure, or
laryngospasm. In addition to the magnitude of hypocal‐
cemia, the speed of establishment determines its clinical
expression1.

The removal or inadvertent damage of the parathy‐
roids or the alteration of their blood supply are the
responsible causes. Both transient and permanent
hypoparathyroidism can have important repercussions
on patients’ health and  establishing appropriate pro‐

tocols for their prevention, evaluation and treatment
are needed2.

The frequency with which this complication appears
is difficult to establish and varies according to the para‐
meters analyzed. These parameters include the defini‐
tion of hypocalcaemia, its clinical expression and the
concept of transient and permanent hypoparathyroi‐
dism. A recent meta‐analysis of observational studies ca‐
rried out in the United Kingdom found an incidence after
thyroidectomy of 27% (19‐38%) for transient hypopa‐
rathyroidism, and 1% (0‐3%) for permanent hypopa‐
rathyroidism3.

It is important to establish the role of the endocrino‐
logist in the preoperative identification of patients at
risk, coordinate management with the surgeon in the
immediate postoperative period, and follow‐up patients
with prolonged hypoparathyroidism.  

The aim of our proposal is to develop a protocol for
the management of the patient who is going to undergo
thyroid or parathyroid surgery, with various sections for
the different stages of the process. This helps clinical de‐
cision‐making and  registration process and referral to
external consultations, thus optimizing resources.

DOI: http://dx.doi.org/10.4321/S1889-836X2020000200006
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Clinical definitions 
Biochemical hypoparathyroidism: biochemical hypo‐

calcemia accompanied by PTH below the lower limit of
the laboratory1.

Clinical hypoparathyroidism: biochemical hypopa‐
rathyroidism accompanied by signs or symptoms of
hypocalcaemia.

Parathyroid failure or relative hypoparathyroidism:
signs or symptoms of hypoparathyroidism that require
medical treatment, despite normal levels1.

Transient hypoparathyroidism: hypoparathyroidism
that recovers in less than 12 months.

Permanent hypoparathyroidism: hypoparathyroi‐
dism in need of treatment that lasts over 12 months.

Severe hypocalcaemia: one that presents with
symptoms of carpopedal spasm, tetany, seizures, leng‐
thening of the QT interval or hypocalcaemia that, being
asymptomatic, presents acutely with corrected calcium
levels less than or equal to 7.5 mg/dl, which It could lead
to serious complications if left untreated.

Because, in a large part of cases, postoperative hypocal‐
caemia resolves in the first month after surgery, some au‐
thors choose to wait until the 4‐6th week to establish the
diagnosis of hypoparathyroidism, considering prolonged
hypoparathyroidism if there are low PTH levels. or the pa‐
tient needs treatment from one month after surgery, and
permanent when this situation continues beyond one year2.

Pathophysiology 
There a several mechanisms involved in postsurgical
hypocalcemia. The most frequent is direct damage to the
glands: either due to injury to the vascularization system,
mechanical damage, or partial or complete excision of the
glands inadvertently or voluntarily. The parathyroid vas‐
cularization is complex and its variants make it difficult
to carry out surgery. Usually, the inferior thyroid artery is
the dominant vessel, supplying both the inferior and su‐
perior parathyroids, which also tend to receive a supply
from the superior thyroid artery. However, there are in‐
dividuals with superior thyroid artery dominance or va‐
riants in which thyroid thymic anastomoses provide an
important component in irrigation1. Thus, the surgeon's
experience and ability to identify the glands and their ves‐
sels are essential in avoiding postoperative complications.

As for the causes of hypocalcemia in the postoperative
period, the hungry bone syndrome deserves special men‐
tion from the pathophysiologic point of view. This syndrome
is classically described in hyperparathyroid patients with
significant bone involvement, in which a sudden decrease
in PTH levels occurs after parathyroid surgery, leading to
sustained hypocalcemia with hypophosphoremia, which
may further increase if the remaining parathyroid tissue
functions normally. After being chronically hypercalcemic,
he is temporarily stunned4. Although a classic hungry bone
syndrome would not go unnoticed, mild forms of the
syndrome are possibly underdiagnosed, so it must be kept
in mind at all stages of the surgical process in hyperparathy‐
roid patients, as well as in patients with hyperthyroidism
that are going to undergo thyroidectomy and present
hypermetabolic bone, either through bone mineral density
(BMD) or through bone remodeling markers, such as alka‐
line phosphatase (AF).

Preoperative assessment
In the patients’ preoperative evaluation, we must iden‐
tify those who are at increased risk of post‐surgical

hypocalcemia using clinical and biochemical data (Fi‐
gure 1).

As for the diseases to intervene, patients with
hyperthyroidism, with tumors  in which lymph node re‐
section is also expected, or patients with simultaneous
thyroid and parathyroid surgery, are at higher risk of
hypocalcaemia. Likewise, patients with anatomy modi‐
fied by previous cervical surgery or radiation are at hig‐
her risk.

The state of vitamin D should be assessed, since se‐
veral studies have related its deficit with transient hypo‐
calcemia3,5‐7. Similarly, it is important to detect patients
with malabsorptive problems and request a magnesium
determination prior to the intervention. 

Once the risk patients have been identified, we sug‐
gest treating vitamin D deficiency in patients who are
going to undergo thyroidectomy. In the case of parathy‐
roid surgery, although not all studies identify vitamin D
deficiency as a key element in the development of pos‐
tsurgical hypocalcemia8, given that several studies have
shown that correction of vitamin D deficiency does not
significantly increase calcaemia9,10, we suggest, if possi‐
ble, to treat the deficit at least in patients with higher AF
levels or bone involvement.

Recommendations: 
‐ We recommend actively identifying patients with a

higher risk of postsurgical hypocalcemia in the preope‐
rative period (1∣⊕⊕○○).

‐ We suggest treating vitamin D deficiency in patients
who present increased risk of postoperative hypocalce‐
mia (2∣⊕○○○).

Immediate postoperative period
Time after surgery to request initial analysis with PTH
Various groups have studied the usefulness of measu‐
ring rapid or intraoperative PTH (PTHiop) and intact
PTH (PTHi) in the early postoperative period, which ran‐
ges from 10 minutes to 24 hours after thyroidectomy.
Depending on its levels, the short half‐life of PTH (3‐5
minutes) allows decision‐making in the postoperative
period. PTHiop is determined from blood samples
drawn during or shortly after surgery. In many hospitals
it provides quick results, while routine determination of
intact PTH may not be fast enough to make therapeutic
postop decisions11. 

PTHiop levels lower than 7‐17.9 pg/ml have been
shown to be predictors of hypocalcemia12‐14, as well as
postsurgical decreases in PTH greater than 62.5‐
80%12,14,15. Low levels of PTHi, generally <10‐15 pg/ml,
in the first 24 hours postoperatively, have shown high
sensitivity and specificity to predict hypocalcemia deve‐
lopment16‐20. The late decrease in iPTH, equal to or gre‐
ater than 80%, has demonstrated its utility in selecting
patients who are candidates for early hospital dis‐
charge21. However, the utility of early PTHi levels in pre‐
dicting permanent hypoparathyroidism is the subject of
controversy22. 

The available evidence and the variability of the PTH
measurement techniques do not allow us to clearly sug‐
gest or recommend the timing of the sample extraction
or the cut‐off points for deciding early hospital discharge
or initiation of treatment for hypocalcaemia.

Initial follow-up of calcaemia and PTH
Assessing calcaemia and PTH in the first 6‐8 hours after
thyroidectomy and postoperative monitoring of serum
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total calcium (albumin corrected) or ionic calcium every
6‐12 hours is required to diagnose and monitor posto‐
perative hypoparathyroidism, which will be narrower in
the patients at higher risk (Figure 2). The time interval
for changes in calcium levels is longer than for PTH, and
it may take 24‐72 h after surgery for low calcium11. Pos‐
top calcium levels and variation have been used to esta‐
blish instructive directions.

Ionic calcium levels (<1‐1.1 mmol/l)23,24 and corrected
serum calcium (generally <8 mg/dl)16,25,26 in the first 24
h postoperatively have been shown to predict hypocal‐
cemic development, although early PTH measurement is
more sensitive and cost‐effective25,27. The joint determi‐
nation of PTH and calcaemia in the first 24 h postopera‐
tive period predicted the development of hypocalcaemia
more precisely than each parameter in isolation16,27. The
variation of total serum calcium in the first postoperative
hours has been useful to predict the subsequent evolu‐
tion: the neutral or positive trend of total calcium (no
change or elevation between 2 consecutive postoperative
measurements) predicted normocalcemia with a positive
predictive value (PPV) 86‐100%28‐30. The negative trend
(decrease) in total calcium was associated with the sub‐
sequent development of hypocalcemia28‐30.

Since hungry bone syndrome is part of the differen‐
tial diagnosis of postoperative hypocalcaemia, especially
in patients with severe hyperparathyroidism or severe
hyperthyroidism with high alkaline phosphatase levels,
phosphorus determination may be very useful to diffe‐
rentiate this entity from hypocalcaemia due to hypopa‐
rathyroidism, since phosphorus levels will be decreased
in the case of rapid remineralization of a bone subjected
to hypermetabolism1,31,32.

If possible, taking turns in Trousseau's sign may be
helpful in the postoperative period to identify clinical
hypoparathyroidism and relative hypoparathyroidism.

Management of mild-moderate hypocalcemia with oral
treatment
The general purpose of treatment is to keep blood glu‐
cose lower or slightly below the lower limit of the refe‐
rence range1,32,33.

The calcium salt most commonly used for the correc‐
tion of hypocalcemia is calcium carbonate because it
contains more elemental calcium (40%) than calcium ci‐
trate (21%). Calcium citrate does not require gastric aci‐
dity for its absorption, therefore it can be more useful in
patients with achlorhydria, low gastric acidity as obser‐
ved in patients undergoing treatment with proton pump
inhibitors, or patients with gastrectomy. The usual dose
is 0.5‐2 g of element calcium divided into 2‐4 doses. The

optimal dose in terms of intestinal absorption seems to
be 500 mg of element calcium per dose, since with hig‐
her doses a proportional increase in absorption is not
achieved. The calcium salt should ideally be taken with
meals to guarantee its best absorption and also act as a
phosphorus chelator34‐36.

Calcitriol is the active metabolite of vitamin D, which
is why it has a rapid onset, increasing calcium absorption
at the intestinal level. It is characterized by a shorter half‐
life (2‐3 days) than ergocoleciferol or cholecalciferol
(weeks), this being very useful because its effects are
more quickly reversible in the case of iatrogenic hyper‐
calcemia. Calcitriol can worsen hyperphosphatemia by in‐
creasing absorption of phosphates at the intestinal level.
It is administered in doses of 0.25‐2.0 μg/day. Occasio‐
nally, it is necessary to decrease the intake of phosphates
in the diet due to the associated hyperphosphatemia, and
phosphate binders can also be administered to decrease
hyperphosphatemia in severe cases35,36.

Treatment of mild and moderate hypoparathyroidism
is recommended to be carried out orally (Figure 2). In
patients with PTH <15 pg/ml, or decrease in PTH level
greater than 75‐80% with respect to baseline, serum
calcium <8.0 mg/dl or ionic calcium <1.0 mmol/l or <4.0
mg/dl measured within the first 6‐8 hours postoperati‐
vely, it is recommended to start treatment with elemen‐
tal calcium 0.5‐2 g of element calcium divided into 2‐4
doses with meals and calcitriol 0.25‐0, 5 µg/day chec‐
king calcium and magnesium every 6‐12 hours. In case
of hypocalcemia progression despite previously descri‐
bed treatment or calcium less than 7.5 mg/dl, calcium
should be increased to 1 g every 6 hours and calcitriol
to 0.50‐1 µg/day divided into twice a day. Also in these
cases, intravenous calcium treatment may be necessary.
Mild hypocalcemia (Ca >8.0 mg/dl) can be treated with
oral calcium supplements37 in doses of 0.5‐2 g of ele‐
ment calcium divided into 2‐4 doses.

Since magnesium can decrease in hypocalcemia by
inducing a decrease in PTH secretion and resistance to
PTH activity, hypomagnesemia, in patients with normal
renal function, should be supplemented with magne‐
sium 400‐1,000 mg/day, and, Furthermore, reducing
constipation associated with high doses of calcium may
be useful34‐36.

The administration of calcium salts of levothyroxine
should be separated, because it inhibits its absorption.
Levothyroxine is recommended to be taken 1 hour be‐
fore or 3 hours after oral calcium salts1,31,32.

Recommendations:
‐ In the first 24 h after thyroidectomy, we suggest de‐

termining PTH levels and their percentage decrease

Figure 1. Management in the preoperative phase

Preoperative phase: Detection of risk patients

‐ Uncontrolled hyperthyroidism/Graves’ surgery

‐ Expected lymph node resection

‐ Simultaneous thyroid/parathyroid surgery

‐ Previous cervical surgery (consult the intervention sheet and the pathological
anatomy in search of excised, biopsied, or implanted glands)

‐ Malabsorption (determine magnesium)

‐ Modified cervical anatomy (surgery, tumor inflammation)

Treat vitamin D deficiency

Strict follow‐up in the postoperative period

⇧
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with respect to preoperative values to detect those pa‐
tients with the highest risk of hypocalcemia (2⊕⊕00).

‐ The available evidence does not allow us to recom‐
mend a specific cut‐off point for PTH (absence of recom‐
mendation).

‐ After thyroidectomy, we recommend serial determi‐
nation of ionic calcium or corrected total calcium to
identify those patients with the highest risk of hypocal‐
cemia, candidates for treatment with calcium and/or
calcitriol supplements (1∣⊕○○○).

‐ After thyroidectomy, we suggest determination of
plasma phosphorus to identify and detect patients with
possible hungry bone (2∣⊕○○○).

‐ If possible, we suggest taking the Trousseau sign in
turns (2∣⊕○○○).

‐ We recommend orally treating mild and moderate
hypoparathyroidism to keep blood glucose lower or
slightly below the lower limit of the reference range
(1∣⊕⊕⊕○).

‐ We suggest treatment with elemental calcium 0.5‐2 g
divided into 2‐4 doses, with meals and calcitriol 0.25‐0.5
mg/day in patients with PTH <15 pg/ml, or decrease in
level PTH greater than 75‐80% with respect to baseline, or
serum calcium <8.0 mg/dl or ionic calcium <1.0 mmol/l
(or in mg/dl, ionic <4.0 mg/dl) measured within the first
6‐8 h postoperatively, and follow‐up with calcium and mag‐
nesium controls every 6‐12 hours. In the event of hypocal‐
cemia progression despite previously described treatment
or calcium less than 7.5 mg/dl, we suggest increasing cal‐
cium to 1 g every 6 h and calcitriol to 0.50‐1 µg/day divided
twice by day and/or intravenous calcium (2∣⊕⊕○○).

‐ We suggest the treatment of mild hypocalcemia (Ca
>8.0 mg/dl) with oral calcium supplements in doses of
0.5‐2 g in 2‐4 doses (2∣⊕⊕○○).

Management of severe hypocalcemia
Treatment of severe hypocalcaemia, which presents with
symptoms of carpopedal spasm, tetany, seizures or leng‐
thening of the QT interval, or with a level <7.5 mg/dl, even
if asymptomatic, is carried out with intravenous calcium.

Initially, treatment will be done with a bolus of 1 or 2
grams of calcium gluconate (GC) in 50 ml of 5% glucose
serum or saline infused in 10‐20 minutes. This dose rai‐
ses the calcium level for about two or three hours, so it
should be followed by a slow infusion of calcium in pa‐
tients with persistent hypocalcemia (about 50 mg of ele‐
ment calcium per hour). This is achieved by adding 11
grams of GC = 11 ampoules of 10% GC, with 93 mg of
element calcium per ampoule = 1,000 mg of element cal‐
cium → in 1,000 ml of 5% glucose serum or saline, to be
administered at 50 ml /hour. Patients usually require 0.5
to 1.5 mg of calcium element/kg of body weight/hour.
Doses should be adjusted to keep serum calcium below
the normal limit11,36.

Rapid intravenous administration of calcium salts can
cause vasodilation, decreased blood pressure, bradycar‐
dia, cardiac arrhythmias, syncope, and cardiac arrest.
Patients receiving digoxin should be closely monitored
for the risk of acute digitalis poisoning due to a probable
induction of the positive inotropic action of digoxin. The
infusion must not contain bicarbonate or phosphate, as
they can form insoluble calcium salts. If these anions
need to be perfused, an intravenous line must be used
in another limb38,39. The use of GC against calcium chlo‐
ride is recommended, since the latter can cause tissue
necrosis if there is extravasation.

The infusion should be maintained until the patient
receives an adequate oral calcium and vitamin D regimen
that allows target levels to be maintained. For patients
with hypoparathyroidism, calcitriol (dose of 0.25 to 0.5
µg twice a day) and oral calcium (3 to 4 grams of element
calcium daily, divided into several doses) are recommen‐
ded, which will be started together with intravenous in‐
fusion, stopping the infusion when the calcaemia reaches
the lower limit of normality. Regarding treatment with
recombinant human PTH (HRTH) in severe hypocalcae‐
mia due to acute hypoparathyroidism, there are very few
published data. In an observational study carried out in
8 patients who were administered PTHrh for up to three
weeks, a correction of hypocalcaemia was observed in 24

Figure 2. Immediate postoperative management

Initial calcium control at 6‐8 hours
Calcemia controls according to clinic and need for treatment*

PTH determination in the first 24h

Initiation calcium IVoral calcium 0.5‐2 g in 2‐4 doses
+ calcitriol 0.25 µg/12‐24h

If it progresses despite treatment

* Except clinical worsening, after treatment adjustment
intravenous, monitoring calcaemia is recommended, 
approximately after 6 hours, and, in case of oral at 24 h

oral calcium 1g/6 h
calcitriol 0.25‐0.5/12 h

oral calcium 0.5‐2 g in
2‐4 doses

Immediate postoperative

8 mg/dl and normal PTH 7.5‐8 mg/dl, PTH <15 pg/ml or
PTH decrease >75‐80%

<7,5 mg/dl
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hours40. There are also some published cases of the use
of HRTH in acute hypoparathyroidism, but without suf‐
ficient data to make a recommendation11,41,42. The
THYPOS phase II study published in 2016 assessed its
use in high‐risk patients to prevent episodes of acute
hypocalcemia and shorten hospital stay, with positive re‐
sults43.

Recommendations:
‐ We suggest the use of intravenous calcium for the

treatment of severe hypocalcemia (2∣⊕○○○).
‐ We recommend the use of calcium gluconate versus

calcium chloride due to the risk of necrosis in case of ex‐
travasation (1∣⊕⊕⊕⊕).

‐ We suggest starting treatment with oral calcium and
calcitriol together with intravenous calcium infusion
(2∣⊕○○○).

Early and late postoperative period
Prophylactic guidelines for calcium and vitamin D sup‐
plementation after surgery may delay the recovery of
parathyroids after surgical manipulation44, so we do not
recommend their use, which is becoming less and less
widespread. In the case of patients who require treat‐
ment at discharge, although the strategy of keeping cal‐
cium at the lower limit of normality in the first
post‐surgical month has been used, considering that it
could be a stimulus for residual glandular tissue, we are
not sure that a hypocalcemic environment is not in itself
an attack on the glandular tissue, and further studies are
necessary to conclude which level of calcaemia is opti‐
mal in the first month after surgery45. Patients requiring
supplementation at discharge should be reevaluated
after 1 or 2 weeks with a new test with determination
of calcaemia and PTH, and if calcium levels are normal,

treatment will be reduced by approximately half, plan‐
ning a subsequent reevaluation to try suspend it. It is
important that the patient knows the symptoms of hypo
and hypercalcemia so that they go to the emergency de‐
partment if necessary, since discharge is frequent before
the plasma calcium nadir is reached1.

Regarding the management of chronic hypoparathy‐
roidism in the late postoperative period, treatment aims
include: keeping the patient asymptomatic; maintain
calcium levels close to the lower limit of normal but not
exceed 0.5 mg/dl below it; prevent hypocalcemia;
achieve a calcium‐phosphorus product <55 mg2/dl2; and
avoid hypercalciuria, hypercalcemia, and ectopic calci‐
fications, including renal46. Treatment consists of sup‐
plementation with oral calcium and calcitriol and, after
the latest guidelines, in which maintaining levels of 25
(OH) vitamin D >20 ng/ml is recommended, supplemen‐
ting with cholecalciferol or ergocalciferol (the latter not
available in Spain) if necessary. The use of thiazides can
help control hypercalciuria. Phosphorus chelators may
regulate this ion, although its use is only recommended
for high levels (>6.5 mg/dl)36. Regarding the use of PTH
analogues, studies carried out so far have shown that
they stabilize plasma levels of calcium and phosphorus,
significantly reducing the need for oral treatment. In
2015, the FDA (Foods and Drugs Administration) appro‐
ved the use of rhPTH (1‐84), along with calcium and vi‐
tamin D, to treat adults with poorly controlled
hypoparathyroidism with conventional therapy, and in
2017 the European Commission did so47.

Recommendations:
‐ We suggest a postoperative review 1‐2 weeks after

discharge with determination of calcaemia and PTH
(2∣⊕○○○).

Conflict of interests: Authors declare no conflict of interests.
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