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Hypercalcemia is a very common water-electrolyte im-
balance found in daily clinical practice. It is defined as
the presence of a serum calcium concentration greater
than 2 standard deviations from the mean laboratory
value, which is usually 10.6 mg/dL".

From the pathophysiological point of view, high le-
vels of calcium in the blood increase the difference in
electrical potential between cell membranes, which in-
creases the depolarization threshold. Clinically, hyper-
calcemia may present a very wide spectrum that can
range from a certain muscle weakness to depression and
even coma and death, and this depends on several fac-
tors such as the severity of hypercalcemia, the speed of
its onset and other circumstances specific to the patient,
such as age, comorbidity and medication received?. The-
refore, it is not surprising that two patients with the
same high serum calcium values present completely diffe-
rent symptoms.

The causes of hypercalcemia may vary considerably.
In our environment, the most frequent is the existence
of primary hyperparathyroidism?*, a very common en-
docrine disease that has an incidence in the United States
with 230 cases per 100,000 inhabitants in women and
85 cases per 100,000 in men3. Furthermore, rheumatoid
arthritis is an autoimmune-based rheumatic disease,
which is also very frequent®. In Spain, it constitutes an
estimated prevalence of 0.9% of the population®. In are-
cent review of the comorbidity described in rheumatoid
arthritis, depression appears as the most frequent con-
dition, not always considered a priority, reaching figures
that range from15% to 29%?¢; curiously, hypercalcemia
is not among them.

Some years ago, several studies suggested that
hypercalcemia could be a marker of the activity of rheu-
matoid arthritis. In the series by Oelzner et al,, 30.1%
of the patients who suffered rheumatoid arthritis pre-
sented hypercalcemia and these patients had higher

»

ESR and CRP levels?, as well as lower PTH and 1.25
dihydroxyvitamin D values. In another series, the same
authors suggest that low levels of 1,25 dihydroxyvitamin
D could cause osteoporosis associated with rheumatoid
arthritis®. However, other authors have described that
the prevalence of hypercalcemia and its causes are simi-
lar in rheumatoid arthritis as in the general population®.
Thus, there is a controversy and data have been published
that would support both points of view, that hypercalce-
mia is part of the clinical spectrum per se, perhaps as a
marker of its activity, and also the opposite, one that
suggests that the causes of hypercalcemia in patients
with rheumatoid arthritis are the same as in the rest of
the population”.

Delving deeper into the study of this dilemma, in this
issue of the Revista de Osteoporosis y Metabolismo Mi-
neral, Cérdoba et al.!° report a study carried out in 500
patients with rheumatoid arthritis, among which 24 pa-
tients of both sexes have hypercalcemia. In them, possible
causes of hypercalcemia were found in several cases (9
patients with primary hyperparathyroidism, multiple
myeloma, vitamin D intoxication, etc.) but in a third of
them (8 of 24) no cause was found that justify it. Moreo-
ver, they could not establish a relationship between the
activity of rheumatoid arthritis and hypercalcemia.
Thus, the authors suggest that in the presence of hyper-
calcemia in a patient with rheumatoid arthritis a search
for some other cause is required. This search may be un-
successful in a high proportion of patients and, further-
more, hypercalcemia is not related to the activity of the
disease.

In other words, the results of the Cérdoba et al.
study!® show data that coincide with those of previous
studies in both directions, without being conclusive in
any of them. So, there is no doubt that the often repeated
phrase “further studies are required” is perfectly valid
in this case.

Correspondence: Manuel Sosa Hernriquez (manuel.sosa@ulpgc.es)
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Summary

Objetive: To investigate the prevalence of hypercalcemia in patients with rheumatoid arthritis (RA) and analyze the cli-
nical features and causes of hypercalcemia.

Material and methods: Retrospective case-based review study that included 500 patients with RA. Patients with increased
calcium levels on at least two occasions were identified.

Results: Hypercalcemia was present in 24 of the 500 RA patients (4.8%). The age ranged between 50 and 80 years, with
amean of 68+10 years. The mean duration of the disease was 10+7 years. Of the patients with hypercalcemia, 22 were
postmenopausal women (92%) and only two were men (8%). Hyperparathyroidism was found in 9 patients in the series;
only one patient had malignant hypercalcemia due to multiple myeloma, and one case was a consequence of vitamin D
intoxication. In one patient, hypercalcemia appeared to be related to calcium-alkali syndrome. In the remaining patients,
hypercalcemia was idiopathic (8/24) or the study was incomplete (4/24). No obvious relationship was found between
disease activity and the appearance of hypercalcemia.

Conclusion: As in the general population, primary hyperparathyroidism is the most common cause of hypercalcemia in
patients with RA. In some patients, no other disorders causing hypercalcemia were identified, raising the possibility of

a causal relationship between RA and hypercalcemia.

Key words: hypercalcemia, rheumatoid arthritis, hyperparathyroidism, vitamin D.

INTRODUCTION

Hypercalcemia is a relatively common clinical problem
and a frequent laboratory finding, both in hospital and
out-of-hospital practice. Calcium ions play a critical role
in many cellular functions. Parathyroid hormone (PTH)
and vitamin D are the most important hormones for re-
gulating calcium. The main sources of serum calcium are
intestinal absorption, stimulated by active vitamin D me-
tabolites, and bone resorption, usually stimulated by
PTH. Therefore, hypercalcemia can be classified as PTH-
dependent (due to increased secretion of PTH by the pa-
rathyroid glands) and independent of PTH. The latter
cases are attributable to increased bone resorption
and/or increased intestinal absorption of calcium, indu-
ced by factors other than PTH. Among them, PTH-rela-
ted protein (PTHrP) and locally produced cytokines are
factors that often cause hypercalcemia in cancer pa-
tients!. Unregulated extrarenal synthesis of 1,25-dihy-

Correspondence: José A. Riancho (rianchoj@unican.es)
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droxyvitamin D can also cause hypercalcemia, particu-
larly in patients with chronic granulomatous disorders
and in some patients with lymphoma?.

Most reported cases of hypercalcemia are due to primary
hyperparathyroidism or malignant neoplasms; together,
these causes account for more than 90 percent of cases. Less
common causes include granulomatous disorders, vitamin
D poisoning, lithium or thiazide therapy, familial hypocal-
ciuric hypercalcemia, etc. Among musculoskeletal diseases,
sarcoidosis and metastatic bone tumors are well-known
causes of hypercalcemia. However, the relationship between
rheumatoid arthritis (RA) and hypercalcemia is unclear and
conflicting results have been reported?*. Thus, while Rals-
ton et al. found only 1 patient with hypercalcemia among
102 patients with RA% a much higher frequency, up to 30%,
has been reported in some series?. Therefore, our study
aims to determine the frequency of hypercalcemia and its
origin in unselected patients with RA.
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PATIENTS AND METHODS

We investigated 500 unselected patients with a diagno-
sis of RAS, seen in the Rheumatology consultation of the
Marqués de Valdecilla Hospital. This tertiary hospital
serves a population of about 350,000 people.

A computerized search of the blood tests carried out
on these patients over a 15-year period (2002-2016) allo-
wed us to identify total and ionized calcium values.
Hypercalcemia was defined as a total serum calcium con-
centration greater than 10.4 mg/dl, and/or ionized cal-
cium greater than 1.35 mmol/] (the limits of the normal
range), in at least two determinations. The clinical records
of patients with hypercalcemia were reviewed and clini-
cal and biochemical data were extracted according to a
standard protocol. The protocol was approved by the Can-
tabria Clinical Research Ethics Committee, which did not
consider the written consent of the patients necessary
due to the retrospective observational nature of the study.

A Pubmed search was done on the terms "rheuma-
toid arthritis" and "hypercalcemia”. Secondary referen-
ces of relevant documents were also checked.

ResuLts

Patients’ characteristics

A total of 476 patients (95.2%) presented normal serum
calcium levels, while 24 patients (4.8%) had hypercal-
cemia, according to the definition above.

The demographic, clinical and laboratory characte-
ristics are listed in table 1. In summary, the RA sample
with hypercalcemia (n=24) showed a preponderance of
female gender (22 of 24, 92%) and had a mean age of
68+10 years (50-80). Most of the patients had long-stan-
ding RA (mean duration of the disease at the time of
identification of hypercalcemia, 10+7 years; range 2-21),
but in 5 cases the diagnosis of RA and hypercalcemia
were simultaneous. Globally, 72% patients had positive
rheumatoid factor and/or positive anti-citrullinated
peptides. Not unexpectedly, the clinical spectrum was
quite varied. Globally, 11 of the 24 patients with hyper-
calcemia (46%) had elevated inflammatory markers
(CRP or ESR) at that time. Only 10 patients (42%) had
evidence of arthritis at the time of hypercalcemia, and
only 6 of them had arthritis and increased inflammatory
markers. Four patients were taking vitamin D supple-
ments and 9 were receiving calcium supplements. In all
but one case, the doses were low and could not be con-
sidered as the cause of hypercalcemia.

Causes of hypercalcemia

After diagnostic studies, primary hyperparathyroidism
was found in 9 patients (Figure 1). This represents 1.8%
of the 500 RA patients, and 37% of the 24 hypercalcemia
patients. Serum PTH levels ranged between 73 and 283
pg/ml (normal range <65 pg/ml). In 6 patients, a pa-
rathyroid adenoma was identified by scintigraphy or du-
ring surgical exploration. Three patients rejected the
imaging studies. Two patients underwent surgery, 4 re-
ceived antiresorptives and 3 did not receive any specific
therapy.

Only one of the patients had a malignant hypercalce-
mia, due to multiple myeloma. In another patient, the
hypercalcemia was due to vitamin D intoxication. In one
patient, hypercalcemia could be due to the calcium-al-
kaline syndrome, a situation similar to the milk-alkaline
syndrome. This diagnosis was based on the fact that
hypercalcemia was associated with renal failure and the

Rev Osteoporos Metab Miner. 2021;13(1):5-9

Table 1. Characteristics of patients with hypercalcemia
Parameter Value

Age at detection of hypercalcemia 68 + 10 years

Duration of RA 10 = 7 years
FR+ 12/24 (50%)
ACCP+ 12/24 (50%)

Total serum calcium 10.8 £ 0.5 mg/dl

Serum ionic calcium 1.41 £+ 0.1 mmol/1

PCR 2.3+4.8mg/dl
VSG 31+ 33 mm/h
Creatinine 1.2 £ 0.7 mg/dl

PTH 87 + 80 pg/ml

25-OH-vitamin D 46 + 66 ng/ml

Variables expressed as mean * standard deviation (SD) or number
and percentage. RA: rheumatoid arthritis; RF: rheumatoid factor;
ACCP: anti-citrullinated cyclic peptide antibodies.

patient had been treated with calcium carbonate and
thiazide supplements.

In the other patients in our series (8/24), the cause
of hypercalcemia was unknown and, therefore, it can be
considered idiopathic. Among this group, hypercalcemia
was fluctuating (alternating normal and increased le-
vels) in 5 patients, while in the other 3 it was transient.
Hypercalcemia was always mild and asymptomatic. Al-
though some patients showed elevated markers of in-
flammation, review of the cases did not reveal a
relationship between calcaemia and clinical outbreaks
of the disease. In 4 patients, follow-up studies and fo-
llow-up excluded disorders known to be associated with
hypercalcemia (such as cancer, hyperparathyroidism,
hyperthyroidism, adrenal insufficiency, etc.). However,
in 4 other patients the study was limited, insufficient to
establish with certainty the etiology of hypercalcemia.

None of the patients presented hypercalcemia secon-
dary to granulomatous diseases (such as tuberculosis
and sarcoidosis) or solid organ neoplasia. However, one
patient had hypercalcemia mediated by increased 1,25-
dihydroxyvitamin D levels, with suppressed PTH and in-
creased angiotensin converting enzyme (ACE). Neither
in the initial study (which included CT, PET and bone
marrow biopsy), nor during follow-up were signs of ne-
oplasia, adenopathy or granulomatous disease found.
Corticosteroid treatment achieved full normalization of
biochemical parameters, but the source of 1,25-dihy-
droxyvitamin D could not be identified.

Discussion

RA is a chronic systemic inflammatory disorder. Al-
though joint tissues are the main target of the inflamma-
tory process, the disease also has consequences for bone
tissue, both locally and systemically. In particular, RA
causes increased bone resorption, which results locally
in erosions and juxta-articular osteopenia, and systemi-
cally in reduced bone mass and increased risk of osteo-
porotic fractures. However, the association of RA with
hypercalcemia is discussed (Table 2).
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Figure 1. Causes of hypercalcemia in this series

RA patients
N=500
Hypercalcemia Incomplete study
N=24 N=4
Primary Idiopathic Vitamin D Myeloma Calcium-

hyperparathyroidism N=8 toxicity multiple alkaline

N=9 N=1 N=1 N=1

Fluctuating Transitory
N=5 N=3
Mechanism Mediated by
a stranger calcitriol
N=4 N=1

Almost 4 decades ago, Kennedy et al. noted the pre-
sence of hypercalcemia in 23 of 50 patients with RA
(46%). In 7 cases (14%) the hypercalcemia was perma-
nent. The cause was unclear. Many patients had active di-
sease and some biochemical characteristics that
suggested hyperparathyroidism, but serum PTH levels
were within the normal range*. However, Scott et al. re-
ported a very low frequency of hypercalcemia among RA
patients, 0.5% among outpatients and 0-2% among hos-
pitalized patients’. These findings are similar to those of
Ralston et al., who found only one case of hypercalcemia
in a group of 102 RA patients studied over a 3-month pe-
riod®. On the other hand, in a more recent study by Oelz-
ner et al. which included 146 German RA patients, the
frequency of hypercalcemia was 30%. Since high calcium
levels were correlated with higher ESR and CRP values,
as well as lower levels of PTH and 1,25-dihydroxyvitamin
D, they suggested that hypercalcemia was probably due
to increased bone resorption related to disease activity3.

In our study, the frequency of hypercalcemia among
RA patients was 4.8%, which is intermediate between
those reported in previous studies. It is interesting to
note that, unlike previous studies, we did not observe a
clear association between RA activity and hypercalce-
mia. However, differences in patient characteristics, and
specifically the availability of more potent disease-mo-
difying drugs in recent years, make it difficult to com-
pare the older series with the more recent ones.

Regarding the etiology of hypercalcemia, primary
hyperparathyroidism seems to be the most common
cause in patients with RA, similar to what happens in the
general population. The prevalence of hyperparathyroi-
dism in the Caucasian population is approximately 0.2-
0.9%°%°. Therefore, the 1.8% frequency that we found in
RA may be somewhat higher than expected. However,
the limited sample size does not allow us to firmly esta-
blish that the frequency of primary hyperparathyroi-
dism is higher in RA than in the general population.
However, a higher prevalence of hyperparathyroidism
has recently been published in other RA cohorts, with a

mean frequency of around 2.8%?°. On the other hand, it
is worth mentioning that patients with hyperparathy-
roidism can have a variety of musculoskeletal manifes-
tations, including pain and chondrocalcinosis!!3, which
must be properly interpreted and not be confused with
the consequences of RA or other rheumatic disorders.

In the general population, cancer is the second most
common cause of hypercalcemia'*'>. In our RA series,
only one patient had hypercalcemia related to a malig-
nancy, which is reassuring in the context of the increased
cancer risk reported in RA?.

The calcium-alkaline syndrome, an update of the pic-
ture previously known as milk-alkaline syndrome, cha-
racterized by the triad of hypercalcemia, metabolic
alkalosis and kidney failure, secondary to the ingestion
of variable amounts of calcium together with an absor-
bable alkaline, represents, according to data recent, the
third most common cause of hypercalcemia'’-1?, One pa-
tient in our cohort presented a picture consistent with
this syndrome.

In a significant proportion of patients, the cause of
hypercalcemia remained unclear. Patients with
lymphoma and granulomatous disorders (such as tuber-
culosis or sarcoidosis) may have hypercalcemia due to
unregulated extrarenal synthesis of 1,25-dihydroxyvita-
min D2021, In the current series, one patient had recu-
rrent hypercalcemia associated with high levels of
1,25-dihydroxyvitamin D. Consistent with an extrarenal
source, 1,25-dihydroxyvitamin D and calcium levels nor-
malized with glucocorticoid therapy. However, after a
large study, which included repeated PET scans, CT
scans, and bone marrow biopsies, no evidence of granu-
lomatous disorder or cancer could be found. On the
other hand, the patient's age and the time course of
serum calcium and 1,25-dihydroxyvitamin D levels do
not fit within the spectrum of genetic deficiency of
CYP24A1, an enzyme that metabolizes 25 and 1,25-dihy-
droxyvitamin D?%23, Therefore, RA, although inactive,
was the most likely explanation for the abnormal
synthesis of 1,25-dihydroxyvitamin D. It should be noted
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Table 2. Hypercalcemia studies in patients with rheumatoid arthritis (RA)

Author, N Sex,
year (reference) hypercalcemia/total female/male

Kennedy, 1979* 7/50 7/0

Bramble, 19803° 2/50 NI

2/20 (ambulatory)
7

Scott, 1981 2/193 (hospitalized) NI
Gates, 1986 Only case 0/1
1/102 1/0

5

Ralston, 1990 21/- NI

Oelzner, 20063 44/146 NI
Mudge, 20123 Only case 1/0
Abrar-Ahmad, 2016% Only case 1/0
Current series 24/500 22/2

NI: not included.

that Gates published the case of a patient similar to
this?*. The mechanisms that relate RA to 1,25-dihydroxy-
vitamin D synthesis are unclear, but could depend on
cytokine-mediated macrophage activation. Whatever
the mechanisms involved, these appear to be very rare
cases. In fact, RA was not among the underlying disor-
ders in a series of 101 patients with 1,25-dihydroxyvi-
tamin D% mediated hypercalcemia.

Future epidemiological studies, with larger cohorts
of RA patients, would help to clarify whether the fre-
quency of hyperparathyroidism increases in RA. Fur-
thermore, careful clinical studies of patients in whom
diagnostic analysis does not reveal causes of hypercal-
cemia other than RA can help to better understand the
pathophysiology of these rare cases.

Treatment of hypercalcemia in RA must take into ac-
count the cause and the mechanisms responsible for the
increase in serum calcium. General measures should in-
clude the withdrawal of calcium supplements and other
drugs that induce hypercalcemia (such as lithium or
thiazides) and maintaining adequate hydration. In acute
severe cases, intravenous fluids, bisphosphonates such
as zoledronic acid, and sometimes calcitonin are indica-
ted?®. For patients with a parathyroid adenoma, surgical
removal is the therapy of choice, but non-invasive pro-
cedures can be useful in patients with very high surgical
risk?”28, In these patients, drug treatment with cinacalcet

Age, Maximum calcium, Cause of
years mg/dl hypercalcemia
NI 11.2 RA
NI NI NI
NI 11.2 NI
35 13.4 RA
Hyperparathyroidism, 15
NI NI Thiazides, 4
Cancer, 2
NI NI RA
60 111 RA
77 11.5 Hyperparathyroidism
Hyperparathyroidism, 9
Multiple myeloma, 1
50-80 123 Calcium-alkali, 1
(mean 68) ' Vitamin D poisoning, 1

Idiopathic, 8
Incomplete study, 4

or antiresorptive agents can help control hypercalce-
mia’. In 1,25-dihydroxyvitamin D-mediated hypercalce-
mia, corticosteroids are usually very effective, but
ketoconazole or antimalarials can also help control ex-
trarenal vitamin D hydroxylation and, consequently, nor-
malize levels??°.

CONCLUSION

In this study of a cohort of 500 RA patients, hypercalce-
mia was present in 4.8%. As in the general population,
primary hyperparathyroidism was the most common
cause. In some patients, no other disorders causing
hypercalcemia were identified, raising the possibility of
a causal relationship between RA and hypercalcemia.
However, in these cases we did not find a clear link bet-
ween disease activity and calcium levels.

Although limited by its retrospective nature, our
study thus adds useful information on the epidemiology
of hypercalcemia and RA. These results suggest that
hypercalcemia has a similar frequency in RA and in the
general population and that the causes are similar. Al-
though the study was incomplete in some cases, our data
support that most patients have another underlying
diagnosis as the cause of hypercalcemia. Therefore, if
hypercalcemia is discovered in a patient with RA, a se-
arch should be made for underlying causes, particularly
hyperparathyroidism and cancer.

}}l Conflict of interests: The authors declare no conflict of interest.
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Objetive: Biochemical parameters continue to be the most widely used option for the follow-up of patients with bone me-
tabolic disorders. The objective of our study was to assess the association of some biochemical markers of bone metabolism
with the appearance and progression of aortic calcifications.

Material and methods: In this study, 624 men and women older than 50 years were selected at random. The participants
completed a questionnaire and underwent two lateral dorsal-lumbar x-rays and bone densitometry. Four years later, the
same studies were repeated in 402 subjects along with a biochemical study.

Results: Age and the proportion of men were higher in those who had “global progression” of aortic calcification (progres-
sion of the existing ones plus new ones). The serum levels of calcium and calcitriol were significantly higher and those of
osteocalcin significantly lower in which “global progression” of aortic calcification was observed. Multivariate analysis sho-
wed that only osteocalcin was independently associated with “global progression” of aortic calcification, with an 18% de-
crease for each 1 ng/mL increase in osteocalcin levels (odds ratio (OR)=0, 82; 95% confidence interval (95% CI): 0.71-0.92).
The categorization of osteocalcin into tertiles showed that the subjects of the first tertile (<4.84 ng/mL) were associated
with a higher proportion of new aortic calcifications: (OR=2.45; 95% CI: 1.03-3, 56) with respect to the third tertile (>6.40
ng/mL).

Conclusion: Serum levels of osteocalcin could be a biochemical marker to evaluate the appearance and/or evolution of
aortic calcification. However, it is necessary to determine with greater precision how it could exert this protective effect in
the process of vascular calcification.

Key words: osteocalcin, vascular calcification, biochemical markers, bone mineral density.

INTRODUCTION

Atherosclerosis, arteriosclerosis, vascular calcification and
osteoporosis are common age-related disorders associa-
ted with high morbidity and mortality*2. Due to the incre-
ased life expectancy in the Spanish population, these
disorders are expected to become more and more fre-
quent in the coming decades. Although recent work has
been carried out on the development of non-invasive tech-
niques for the early detection of vascular calcifications,
such as pulse wave velocity and non-contrast carotid ul-

»

trasound, serum biochemical parameters continue to be
the most widely used option for monitoring patients with
bone metabolic disorders?>.

Having easily accessible non-invasive tools such as
biochemical markers allow for the adoption of therapeu-
tic measures in order to mitigate the deleterious effect of
bone loss. Taking into account that osteoporosis and vas-
cular calcification share etiopathogenic mechanisms®’,
some biochemical parameters used to study bone meta-
bolism could serve as possible markers of vascular cal-

Correspondence: Manuel Naves Diaz (mnaves.huca@gmail.com)
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cification. Therefore, this study aims to assess the asso-
ciation of some biochemical markers of bone metabolism
with the appearance and progression of aortic calcifica-
tions.

MATERIAL AND METHODS

This study used data from a European project designed
to determine the prevalence of vertebral fracture (Euro-
pean Vertebral Osteoporosis Study - EVOS)g, in which
the Bone and Mineral Metabolism Service of the Central
University Hospital of Asturias took part.

For this work, 308 men and 316 women over 50 years
of age were selected at random from the municipal re-
gistry of Oviedo. Our protocol involved patients’ filling out
a questionnaire on risk factors related to osteoporosis,
two lateral dorsal-lumbar x-rays and a bone densitometry
(DXA) (the radiographic study was not completed in only
2 cases), and collecting anthropometric measurements
such as height and weight to determine body mass index
(BMI). All subjects had sufficient stamina to go up two
floors without an elevator and 99% lived in their own
home.

After four years, they were invited to repeat the ra-
diological study, bone densitometry, anthropometric
measurements and respond to a questionnaire on risk
factors for osteoporosis and a biochemical study. In the
second control, 402 subjects participated (213 women
and 189 men), of whom 335 agreed to carry out the bio-
chemical study. A total of 67 subjects (16.7%) were ex-
cluded from the analysis because they had been treated
for osteoporosis or their renal function was impaired
with serum creatinine greater than 0.8 mg/dL in women
and 1.1 mg/dL in men, respectively. All data were avai-
lable at baseline and at 4 years in 262 subjects.

Evaluation of the progression of vascular calcification
Abdominal aortic calcification was evaluated by two in-
dependent investigators, and was defined and classified
as grade 0 (absent), grade 1 (mild-moderate), and grade
2 (severe). Isolated punctate calcifications, a visible li-
near calcification in less than 2 vertebral bodies, or a
dense calcified plaque were defined as mild-moderate
calcification®. The presence of a visible linear calcifica-
tion along at least two vertebral bodies and/or the pre-
sence of two or more calcified dense plaques was
defined as severe calcification. The degree of intra- and
inter-observer concordance in the analysis of the x-rays
was 92% and 90%, respectively, with a Kappa coefficient
of 0.78 and 0.73, data that indicate good reproducibi-
lity?.

The progression of aortic calcification was determi-
ned by comparing the x-rays taken at baseline with
those at 4 years. It was defined as “global progression”
of aortic calcification when an increase in the magnitude
of baseline aortic calcification coexisted with the appe-
arance of new calcifications, comparing the x-rays at the
outset with those done 4 years later.

Densitometric evaluation

Bone mineral density (BMD) was measured with a Holo-
gic® QDR-1000 DXA densitometer (Hologic Inc., Waltham,
Massachusetts, USA). In all cases, the anteroposterior
lumbar spine (L2-L4) and the proximal extremity of the
right femur were analyzed. For the evaluation of lumbar
BMD, 4 subjects with marked degenerative osteoarthritis
were excluded. The coefficients of variation (CV) were

1.2% and 1.9%, respectively®. The precision and quality
control was performed daily with a lumbar spine phan-
tom, with which a CV of 0.0+0.1% was obtained. In the
fourth year, BMD was determined in the same areas used
in the first study, and the percentage of change between
both measurements was used to evaluate changes in
BMD.

Biochemical analysis

In the baseline study, no biochemical study was carried
out. At 4 years, a fasting blood and urine sample was
taken from each subject participating in the study. Once
the serum was separated, the latter and the urine were
kept frozen at -802C until quantification. Serum calcium,
creatinine, phosphorus, total alkaline phosphatase, and
acid resistant tartrate phosphatase were measured
using an autoanalyzer (Hitachi Mod. 717, Ratigen, Ger-
many). The serum levels of calcidiol (250HD) were de-
termined by prior extraction with acetonitrile (IDS, Ltd.,
Bolton, United Kingdom), whose intra- and inter-assay
coefficients of variation (CV) were 5.2% and 8.2%, res-
pectively.

Levels of 1,25-dihydroxyvitamin D were measured by
radioimmunoassay (IDS, Ltd.); intra- and interassay CVs
were 6.5% and 9%, respectively. The intact PTH and
total osteocalcin levels were measured by radioimmu-
noassay (Nichols Institute, San Juan Capistrano, Califor-
nia, USA). Intra- and inter-assay CV values were 2.6%
and 5.8% for PTH and 4.5% and 5.1% for osteocalcin,
respectively.

All the tests carried out followed the principles set
forth in the Declaration of Helsinki and were formally
approved by the Committee for Clinical Trials of the
Principality of Asturias.

Statistic analysis

Data analysis was carried out using SPSS version 17.0 for
Windows. The quantitative variables were analyzed by
Student's t test and the qualitative variables by chi-square.

Multivariate analysis was performed using logistic re-
gression adjusting for age, sex and BM], in those serum or
urinary markers in which the univariate analysis was sig-
nificantly associated with progression and/or appearance
of new abdominal aortic calcification.

Pearson correlations were performed between those
biochemical parameters that, at the multivariate level,
showed a significant association with the percentage of
change in BMD between both cross-sectional studies.

REesuLTs

The mean age of those who had “global progression” of
aortic calcification (progression of existing vascular calci-
fications plus new vascular calcifications) was higher than
the age of those in whom this situation was not observed
(Tables 1 and 2). However, there were no age differences
in those who only presented a new aortic calcification as
a change in the control at 4 years (Table 3). The BMI was
similar in those with aortic calcification, both in those in
which the calcification progressed, as in those with new
calcifications, or considering both variations together (Ta-
bles 1-3).

Male sex was significantly more frequent in those in
whom progression of existing aortic calcifications
and/or new aortic calcifications was observed. In con-
trast, there were no differences in the smoking habit (Ta-
bles 1-3).
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Table 1. Clinical and anthropometric variables and biochemical markers of bone and mineral metabolism in the
presence or absence of “global progression” of vascular calcification (CV)

Aortic calcification
(n=118)

Progression
more new CV

Male gender 77 (72.3%)
Smoker 23 (19.5%)
Age (years) 69.6+7.7
BMI (kg/cm?) 28.0+3.8
PTH (pg/mL) 54.0 +27.1
Alkaline phosphatase (IU/L) 177 £ 89

Calcium (mg/dL) 9.46 £ 0.30
Phosphorus (mg/dL) 3.45 + 0.44
Calcidiol (ng/mL) 155+75
Calcitriol (pg/mL) 439+17.3
Osteocalcin (ng/mL) 542 +1.76
FATR (U/L) 2.02 £ 0.65
Ca/creatinine urine 0.18+0.11

No aortic calcification

(n=144) P value
61 (42.4%) <0.001
18 (12.5%) 0.121
66.4 +8.9 0.002
284+ 4.2 0.367
51.8 £ 20.5 0.460
175 + 55 0.817
9.35+0.34 0.011
3.44 +0.48 0.964
17.4+9.8 0.092
39.4 +14.4 0.025
6.22 +2.15 0.002
2.13 £ 0.64 0.212
0.17 £ 0.10 0.675

The variables are expressed in number (percentage) and in mean +* standard deviation; BMI: body mass index; PTH: parathormone; FATR: tar-

trate-resistant acid phosphatase.

Table 2. Clinical and anthropometric variables and biochemical markers of bone and mineral metabolism in the
presence or absence of progression of vascular calcifications (VC)

Aortic calcification

CV progression (n=62)
Male gender 40 (64.5%)
Smoker 13 (21.0%)
Age (years) 70.6 + 8.2
BMI (kg/cm?) 27.8+4.0
PTH (pg/mL) 54.7 +29.2
Alkaline phosphatase (IU/L) 175 +51
Calcium (mg/dL) 9.48 £ 0.26
Phosphorus (mg/dL) 3.42 +0.45
Calcidiol (ng/mL) 148+7.6
Calcitriol (pg/mL) 42.8+17.2
Osteocalcin (ng/mL) 5.46 +1.87
FATR (U/L) 2.09 £ 0.58
Ca/creatinine urine 0.17 £0.10

No aortic calcification

(n=144) P value
61 (42.4%) 0.003
18 (12.5%) 0.119
66.4 8.9 0.002
28.4 £ 4.2 0.319
51.8+20.5 0.428
175 +£55 1.000
9.35+0.34 0.009
3.44 £ 0.48 0.774
17.4+£9.8 0.082
39.4+14.4 0.154
6.22 +2.15 0.019
2.13£0.64 0.692
0.17 £0.10 0.891

The variables are expressed in number (percentage) and in mean + standard deviation; BMI: body mass index; PTH: parathormone; FATR: tar-

trate-resistant acid phosphatase.

Regarding the biochemical markers of bone metabo-
lism, serum levels of calcium and calcitriol were signifi-
cantly higher and those of osteocalcin significantly lower
in those subjects in whom “global progression” of aortic
calcification was observed (new calcifications plus pro-
gression of vascular calcification ) (Table 1).

The logistic regression analysis adjusted for age, sex and
BMI showed that the only biochemical marker that was in-
dependently associated with “global progression” of aortic
calcification was osteocalcin, showing that increases of 1
ng/mL were associated with a decrease in 18% in the pro-

gression of aortic calcification (odds ratio (OR)=0.82; 95%
confidence interval (95% CI): 0.71-0.95) (Table 4). Age and
male sex were also significantly associated with progression
of vascular calcification (OR=1.05; 95% CI: 1.01-1.08 and
OR=2.06; 95% CI: 1.20-3.54, respectively) (Table 4).

In the univariate analysis, serum osteocalcin levels
were significantly lower and calcium levels significantly
higher in those subjects in whom aortic calcification had
progressed (Table 2). The logistic regression analysis ad-
justed for age, sex and BMI confirmed that osteocalcin was
the only parameter that showed a significant association:
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Table 3. Clinical and anthropometric variables and biochemical markers of bone and mineral metabolism in the

presence or absence of new vascular calcifications (VC)

Aortic calcification

New CV (n=56)

Male gender 37 (66.1%)
Smoker 10 (17.9%)
Age (years) 68.5+7.1
BMI (kg/cm?) 28.2+3.6
PTH (pg/mL) 53.3+24.8
Alkaline phosphatase (IU/L) 180 + 119
Calcium (mg/dL) 9.43 +0.34
Phosphorus (mg/dL) 3.47 + 0.44
Calcidiol (ng/mL) 16.3+7.3
Calcitriol (pg/mL) 452 +17.4
Osteocalcin (ng/mL) 5.36 £1.65
FATR (U/L) 1.95+0.73
Ca/creatinine urine 0.18+0.11

No aortic calcification

(n=144) P value
61 (42.4%) 0.004
18 (15.0%) 0.327
66.4 £ 8.9 0.082
284 +4.2 0.691
51.8+20.5 0.676
175 + 55 0.717
9.35+0.34 0.166
3.44 +0.48 0.694
17.4+£9.8 0.463
394 +144 0.022
6.22 +2.15 0.009
2.13 £ 0.64 0.103
0.17 £0.10 0.579

The variables are expressed in number (percentage) and in mean #* standard deviation; BMI: body mass index; PTH: parathormone; FATR:

tartrate-resistant acid phosphatase.

increases of 1 ng/mL were associated with a 16% increase
in the progression of aortic calcifications (OR=0.84; 95%
CI: 0.70-0.99) (Table 4). Sex (OR=1.95; 95% CI: 1.01-3.76)
and also age (OR=1.06; 95% CI: 1.02-1.10) were associa-
ted in this multivariate model (Table 4).

When only those subjects who presented a new aortic
calcification were analyzed, serum levels of osteocalcin
were found to be significantly lower and those of calci-
triol, significantly higher (Table 3). The logistic regres-
sion analysis adjusted for age, sex and BMI confirmed
that only osteocalcin showed a significant association:
increases of 1 ng/mL were associated with a 20% appe-
arance of new aortic calcifications (OR=0.80; 95% CI:
0.67-0.97) (Table 4). Male sex (OR=2.30; 95% CI: 1.15-
4.59), but not age, was associated in this multivariate
model (Table 4).

The categorization of serum osteocalcin levels into
tertiles showed that the lowest tertile (osteocalcin <4.84
ng/mL) was the one that showed the highest proportion
of new aortic calcifications (22; 42.3%). The second ter-
tile (osteocalcin between 4.84 and 6.40 ng/mL) showed
the same trend, but in a lower proportion (18; 34.6%),
while the third tertile (osteocalcin >6.4 ng/mL) ) sho-
wed the lowest proportion (12; 23.1%). A logistic re-
gression analysis adjusted for age, sex and BMI showed
that the subjects of the first tertile were associated with
a higher proportion (2.45 times) of new aortic calcifica-
tions: (OR=2.45; 95% CI: 1.03-3.56). There were no dif-
ferences with those of the second tertile (OR=1.48; 95%
Cl: 0.611-3.56).

The bi-variate correlations between the percentage
of change in BMD at the lumbar and femoral neck level
and the serum levels of osteocalcin showed a negative
and significant correlation. Higher values of osteocalcin
were associated with a lower loss of BMD, while lower
values of osteocalcin were associated with greater losses
of bone mass (Figure 1A and 1B).

Discussion

Our results confirm that, of the biochemical markers
analyzed, osteocalcin was the only marker associated
with the appearance and progression of aortic calcifica-
tions independently of age, sex and BMI. A 1 ng/mL in-
crease in osteocalcin decreased the “global progression”
of aortic calcification by 18%, a protection equivalent to
being 3-4 years younger.

Osteocalcin, a vitamin K-dependent protein, is the
most abundant non-collagen component in the minera-
lized matrix of bone. It is not only produced by bone, but
also by vascular smooth muscle cells that show a phe-
notype similar to osteoblasts'?. It inhibits the precipita-
tion of calcium phosphate and shows a strong affinity
for hydroxyapatite!!. Initially, it was thought that osteo-
calcin inhibited the growth of hydroxyapatite crystals'?
and limited bone formation?2.

Experimental studies have shown that decarboxyla-
ted osteocalcin can up-regulate nitric oxide synthesis in
human endothelial cells with a protective effect against
endothelial dysfunction. These findings support the opi-
nion that decarboxylated osteocalcin is the biologically
active form of the protein, with a protective function on
the vasculature independent of its metabolic role, al-
though more studies are required to confirm this fact'*.

Osteocalcin has been detected to a greater degree in
calcified plaques and aortic valves than in healthy non-
calcified vessels!>1¢. The level of osteocalcin mRNA re-
portedly increases between 8 and 14 times in calcified
aortic plaques compared to healthy aortas'”. The increase
in total osteocalcin may occur as a result from the deve-
lopment of an osteogenic phenotype in atherosclerotic
plaques!®. However, this requires further validation. Re-
cently, osteocalcin has been found to play a crucial role in
arterial calcification mediated by Wnt/[3-catenin signaling
through increased oxidative phosphorylation, and this
finding may have clinical implications®.
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Table 4. Multivariate analysis of the independent variables significantly associated in the univariate analysis with the
progression and/or presence of new aortic calcifications. The odd ratio (OR) and the 95 confidence interval (95% CI)

are represented. Significant values are shown in bold
Dependent variable
Age (every year)

Gender (male)

Global progression of calcification

(progression and new) Calcium (each mg/dL)

Calcitriol (each pg/mL)
Osteocalcin (each ng/mL)
Age (every year)

Gender (male)
Progression of aortic calcification
Calcium (each mg/dL)

Osteocalcin (each ng/mL)
Age (every year)
Gender (male)

New aortic calcifications Calcium (each mg/dL)

Calcitriol (each pg/mL)

Osteocalcin (each ng/mL)

Significant values are shown in bold.

However, studies in patients are inconclusive. A rela-
tively recent meta-analysis included 46 studies that exa-
mined the association between osteocalcin and
atherosclerosis?’. Of the studies that analyzed the asso-
ciation between osteocalcin and carotid intima-media
thickness (CIMT), four reported that higher levels of os-
teocalcin were associated with greater CIMT, four repor-
ted that higher levels of osteocalcin were associated
with a lower CIMT, and three did not find any correla-
tion. However, studies that examined mononuclear cells
positive for osteocalcin or histological staining for osteo-
calcin showed that higher levels of osteocalcin were asso-
ciated with an increase in markers of atherosclerosis
and calcification?’. Thus, it is suggested that osteocalcin
could be a marker of the calcification process.

Our results show that, in the 4-year period between
both cross-sections, both the presence of new aortic cal-
cifications and their progression were associated with
lower levels of osteocalcin, regardless of age, sex and
BML. It is noteworthy that the lowest tertile of osteocal-
cin (<4.84 ng/mL) was associated with a significant in-
crease in new aortic calcifications: 2.45 (1.03-3.56)
compared to subjects with serum osteocalcin levels hig-
her than 6.4 ng/mL.

Kim et al. found similar results in Asian women to
those in our study, with an inverse correlation between
osteocalcin and vascular calcification measured by the
Agatston score, even after adjusting for age?!. Similar re-
sults have also been shown in other cross-sectional?22?
and longitudinal studies, such as ours, in which raised
levels of osteocalcin are found to be associated with less
progression of abdominal aortic calcification®*. These

Independent variables

OR IC95% P value
1.05 1.01-1.05 0.007
2.06 1.20 - 3.54 0.009
1.87 0.79 -4.42 0.152
1.02 0.99 - 1.03 0.068
0.82 0.71-0.95 0.007
1.06 1.02-1.10 0.005
1.95 1.01-3.76 0.046
2.61 0.90 - 7.55 0.077
0.84 0.70 - 0.99 0.040
1.02 0.98 - 1.07 0.250
2.30 1.15-4.59 0.018
1.51 0.56 -4.03 0.415
1.02 0.99 - 1.04 0.073
0.80 0.67 - 0.97 0.024

authors suggest that osteocalcin could be involved in the
aortic calcification process indirectly by its action on in-
sulin and insulin resistance. Fusaro et al. have recently
observed in a population on dialysis that those diabetic
patients with a higher prevalence of vascular calcifica-
tion had lower serum levels of total and decarboxylated
osteocalcin?®. In fact, in a secondary analysis of our
study, analyzing osteocalcin levels in those subjects diag-
nosed with diabetes, it was observed that the presence
of diabetes (n=23) was associated with significantly
lower levels of osteocalcin than those without diabetes
(n=241) (4.89+1.80 ng/mL compared to 5.96+2.14
ng/mL; p=0.020).

It could also be conjectured that low levels of osteo-
calcin are associated with vascular calcification (VC) due
to less bone remodeling, which could be a VC risk fac-
tor2627. However, this possibility would not be supported
by the results of this study, since the subjects with lower
levels of osteocalcin and higher VC were those with
lower BMD, which would be more indicative of high re-
modeling than low remodeling?®.

On the other hand, the usefulness of osteocalcin as a
serum marker remains controversial. There is still a
long way to go to define whether osteocalcin can be
used as a diagnostic or detection tool in the appearance
of VC. It is noteworthy that no study has differentiated
between forms of osteocalcin when it comes to VC. Con-
sequently, it is necessary to study the effect that car-
boxylated and decarboxylated osteocalcin could have in
this environment, as well as to consider the mecha-
nisms associated with the increase of osteocalcin in cal-
cified tissue®.
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Figure 1. Bi-variate correlations between changes in BMD in percentage A) at lumbar level and B) femoral neck with

serum levels of osteocalcin
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This study presents several limitations. First, osteo-
calcin determination was only carried out in the second
cross section, which limits the associations found. Se-
cond, intact or total osteocalcin was determined without
differentiating between carboxylated or decarboxylated.
On the other hand, the evaluation of vascular calcifica-
tion was carried out by simple X-ray imaging and not by
more sensitive techniques. It is also possible that some
of the people who attended the second check-up after 4
years would have done so because they were in a worse
physical condition compared to those who did not at-
tend it, although no clear selection biases were found?°.

Despite these limitations, the study also has impor-
tant strengths, such as the adequate response of the sub-
jects who participated in the study, both at baseline
(50%)3° and at 4 years of the follow-up period (70%).
The degree of reliability among observers for the assess-
ment of vascular calcification supports its use as a diag-
nostic criterion. Finally, unlike other studies, this study
was prospective, and not cross-sectional like most of
those cited. This reinforces the validity of the results
found and their greater degree of association.

Thus, although new studies are needed to confirm
these results, this study seems to indicate that serum le-

vels of osteocalcin could be a promising biochemical
marker associated with the appearance and/or develop-
ment of aortic calcification.
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Summary

Objetive: LRP4 is an essential facilitator in sclerostin-specific inhibition of the canonical Wnt pathway. Mutations in
LRP4 have been associated with various conditions, including bone growth disease, sclerosteosis, and Chiari type I mal-
formation (CMI).

Material and methods: The LRP4 has been re-sequenced in two patient cohorts with high bone mass phenotype (HBM)
and with CMI aimed at finding causal variants.

Results: Among the mutations found, we would highlight: 1) a missense mutation in a patient with CMI, which does not
co-segregate with the phenotype in the family; 2) a previously undescribed intronic mutation (c.3364+16A>C) in a
woman with HBM; and 3) an intronic mutation in a woman with HBM with a very low frequency in the European control
population.

Conclusions: Although we have not found variants in LRP4 to explain the HBM or CMI phenotype in the patients studied,
we encourage other researchers to analyze the LRP4 gene in their patients as it is a good functional candidate for both
phenotypes.

Key words: LRP4, HBM, Chiari malformation type I, bone mineral density, sclerostin.

INTRODUCTION trimeric complex. For DKK1 and sclerostin to exert their

The Wnt signalling pathway is involved in a wide range
of processes, including bone development and homeos-
tasis®. In accordance with this, mutations have been iden-
tified in various components of the Wnt pathway that
cause different musculoskeletal diseases?. The canonical
Wnt pathway begins with the formation of a heterotri-
meric complex between a co-receptor, LRP5/6, a ligand,
WNT, and a receptor, FZD, which produces an accumula-
tion of B-catenin that, once in the nucleus will activate
the transcription of numerous important target genes for
bone'. This activation is finely regulated by a series of ex-
tracellular inhibitors such as DKK1 and sclerostin that
bind to LRP5/6, preventing the formation of the hetero-

»

inhibitory activity, they must form another heterotrime-
ric complex with LRP5 and KREMEN1/2 or LRP4, res-
pectively. Although in the case of DKK1 the presence of
KREMEN does not seem to be necessary to carry out a
correct inhibition, the presence of LRP4 is essential for
the inhibitory function of sclerostin3+.

LRP4 mutations have been described in humans
which cause different diseases that affect not only bone
mass, but also the regulation of the extremities and kid-
neys among other, depending on the position of where
the mutation occurs?. Specifically, mutations in the cen-
tral cavity of the third B-propeller cause sclerosteosis,
characterized by variable syndactyly and progressive

Correspondence: Nuria Martinez-Gil (nuriamartinez91@ub.edu)
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bone overgrowth, particularly severe in the facial skele-
ton and skull. These patients present an increase in the
Wnt pathway in osteoblasts, generating an increase in
bone formation*®. In addition to these mutations, in
2017, Merello et al.” described a mutation in the second
B-propeller domain (p.Thr851Arg) that cosegregated
with the phenotype in a family with type I Chiari mal-
formation (CMI). This is a malformation of the central
nervous system characterized by a caudal displacement
of the cerebellar tonsils, which generates varied
symptoms both in onset and in severity (Orphanet,
https://www.orpha.net/consor/cgi-bin/ index.php). Al-
though some patients with CMI may be asymptomatic,
others can present with a suboccipital headache and
neck pain, among others. It is interesting to note that this
malformation was described in a patient who presented
a phenotype of high bone mass (HBM) due to gain-of-
function mutations in LRP5, thus suggesting a possible
relationship between CMI, the HBM phenotype and Wnt
pathway?®. Taking into account the role of LRP4 on the Wnt
pathway and the important role that this pathway has in
determining bone mineral density (BMD) and in the de-
velopment of the skull, we hypothesized that mutations
in LRP4 could be the cause of the HBM in women with
this phenotype or of causing disease in patients with CML
In this study, we have carried out a re-sequencing of the
LRP4 gene in a cohort of 10 women with the HBM phe-
notype and in a cohort of 12 patients with CML.

MATERIAL AND METHODS

Cohorts studied
Sarrion et al. describe the HBM cohort, in a study of 10
women with HBM phenotype?, in which this phenotype
is defined as the sum of the Z-score values of the lumbar
spine and femoral neck are equal or greater than 4.
The CMI cohort studied here consists of 12 patients
with unrelated CMI, diagnosed and treated at the Hospital
del Mar in Barcelona. The diagnosis of CMI is based on the
position of the cerebellar tonsils by brain magnetic reso-
nance imaging (Achieva 3.0 T, Philips, Amsterdam, The
Netherlands) with a herniation equal to or greater than 5
mm on a mid-sagittal T1-weighted image in the presence
of signs or symptoms indicating neural compression at
the cranio-vertebral junction, syringohydromyelia, cere-
bellar dysfunction or intracranial hypertension. In addi-
tion, information is available on 8 relatives of 4 of the
patients with CMI.

LRP4 re-sequencing

Genomic DNA from CMI cases and their relatives and from
HBM women was isolated. women was isolated from pe-
ripheral blood leukocytes using the Wizard® Genomic
DNA Purification Kit (Promega, Madison, Wisconsin, USA),
according to with the manufacturer's instructions. Regar-
ding the re-sequencing, specifically, we have amplified the
exons that code for the mutations that cause Cenani-Lenz
syndrome (p.D137N, p.C160Y, p. D449N, p. T461P,
p.L473E p. D529N, p.L953P, p.C1017R, p.R1277H,
p.E1233K) and the third B-propeller domain where the
mutations causing myasthenic syndrome and sclerosteo-
sis are located. Amplification of each of these fragments
was done by polymerase chain reaction (PCR) using GoTaq
Flexi DNA polymerase (Promega). The PCR fragments
were analyzed by agarose gel electrophoresis method and
their purification was done on MultiScreen™ Vacuum Ma-
nifold 96-well plates (Merck Millipore). The purified PCR

Rev Osteoporos Metab Miner. 2021;13(1):17-20

products were sequenced using the Sanger method in the
genomics service of the CCiTUB (Genémica, Parc Cientific,
Barcelona, Spain). The labeling kit used was BigDye™ Ter-
minator v3.1 Cycle Sequencing Kit (ThermoFisher), detec-
tion and electrophoresis were carried out on the 3730
Genetic Analyzer and 3730xl Genetic Analyzer (Thermo-
Fisher) automatic capillary sequencers models. The de-
sign of the primers was based on the consensus sequence
ENSG00000134569 (LRP4; GRCh37.p13). Their sequence
is presented in table 1.

Bioinformatic analysis and in silico predictions of the
effect of the variants

To identify and characterize all the variants, we have
used information culled from the Ensembl database
GRCh37.p13 and ENCODE. The minor allele frequency
(MAF) of each of the variants is extracted from the non-
Finnish European population of gnomAD v2.1.1. We
have used SIFT, (http://sift.bii.a-star.edu.sg/) and Poly-
Phen (http://genetics.bwh.harvard.edu/pph2/) to test
the effect of the change variants of amino acid (missense).
The GTEx database (www.gtexportal.org/home/) has
been used to identify variants that act as eQTLs.

REesuLts

Re-sequencing of LRP4 in women with HBM phenotype
and in patients with CMI

In the LRP4 re-sequencing have identified 12 variants,
of which one was not previously described
(c.3364+16A>C; table 2). This variant has been found in
heterozygosity in the HBM2 woman who presents a Z-
score sum (lumbar spine and femoral neck) of 4.6. Six of
the 12 variants identified are found both in the cohort
of women with the HBM phenotype and in the cohort of
patients with CMI, with a similar frequency in both co-
horts to that of the European population. Furthermore,
we have found 4 variants only present in the HBM cohort
and 2 variants only present in the CMI cohort. All the va-
riants described, except rs558515201 and the variant
¢.3364+16A>C, appear as eQTL of different genes and tis-
sues in the GTEx database. Specifically, the rs17790156,
rs61898529, rs2306028, rs964551 and rs2306032 va-
riants are LRP4 eQTL.

Discussion

Different studies have highlighted the role of the LRP4
gene in determining BMD, as mutations in it generate a
phenotype of bone overgrowth. Furthermore, it has also
been associated with CMI in a report on whole exome
sequencing’. In the study presented here, we have re-se-
quenced the regions of the gene that contain mutations
associated with different conditions. In it, we have only
found a missense mutation in LRP4 in a patient with CMI
that does not co-aggregate with the phenotype in the fa-
mily, thus ruling out its ability to cause the disease (Fi-
gure 1). It is interesting to note that we have found a
variant not previously described (c.3364+16A>C) and
the variant rs558515201, which has a very low fre-
quency in the European population (MAF=0.00006480),
in heterozygosity in two women with HBM. Further-
more, the rs3751097 and rs540384558 variants, pre-
sent in both HBM and CMI patients, are found in a cis
regulatory element categorized as a distal enhancer-like
signature by ENCODE. On the other hand, contrary to
expectations, we found in both cohorts a slightly lesser
frequency for the minor allele of the rs2306032 variant
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Table 1. Primers used in LRP4 re-sequencing

Primer Forward Reverse
LRP4_Fragl GGGCTTTAAGTCAGGCTTCC CAACCCAACAGCCTGAGGT
LRP4_Frag2 GAGTGGGAGGACGACAGAAG TTGCAAACCACTGGCCTATT
LRP4_Frag3 ATAGTGCCTGGCCCAAAAA GCCCAGCTACACCACACTTT
LRP4_Frag4 TCGCCTTAAATTATGGTTGC ACCACTGGGTTAGGGTCTCC
LRP4_Frag5 AGTGGGAGAGCTGCTTTCTG CCATCTGCAAGGAAGGAAGA
LRP4_Frag6 TGCGTTTTCCTTGATTTCCT GATGCAAGCTTCCTCTCCAC
LRP4_Frag7 AAGGTTGAGATAATGCACATGAA ACAGGTCACCGTCTTTCTGG

Table 2. Variants found in LRP4 re-sequencing in women with HBM phenotype and in patients with CMI. The genotypes in
the first column are indicated by the nucleotides of the coding strand of the LRP4 gene, which is the reverse of that which
is used in a standard way to indicate genomic SNVs. For this reason, for example, the A allele of ¢.431-12G> A is equivalent
to the T allele of rs139371503, and the same for the other variants

MAF
Number rs Type Effect
LRP4 EUR HBM CMI

c.431-12G>A rs139371503 I 0'((,)1,1)1 0(,?)5 - eQTL
c.1309+24G>A rs3751097 I 0';1,(;1 ?TZ) 0'(?1,2)5 eQTL
¢.1309+87_1309+91dup rs540384558 I ?d?lif; [?:1.1(1)5) (()d?f?) eQTL
p-Asn501His rs72897663 M O'((();;‘} - 0'((();;2 e%’;L
p.Lys546= rs10838631 S 0'((,)1,1)1 O(TO)S - eQTL

€.2507-73C>T rs558515201 I <?£1 0('2)5 -
¢.2507-204C>T rs61898529 I 0'833 - 0'8;;2 eQTL
€.2612+104T>A rs17790156 I 0'0(?1,1;36 ?TZ) 0'[?1,2)5 eQTL
c.3004+18C>A rs2306028 I O'(,11,2)7 ?Tl) 0'[(')1“;2 eQTL

¢.3364+16A>C - I - 0(8)5 -
¢.3536+22C>A rs964551 I 0'(2(}2)7 O(é)S 0'((()33 eQTL
¢.3700-21C>G rs2306032 I 0'(32;2)9 0((2;)5 0((2;)1 eQTL

MAF: minority allele frequency; EUR: non-Finish European population of gnomAD v2.1.1.,; HBM: high bone mass phenotype; CMI: Chiari type I mal-
formation; dup: dup: duplication; M: missense variant; I: intronic variant; S: synonymous variant; eQTL: described as eQTL in Gtex; T: tolerated by
SIFT; B: benign by Polyphen-2.
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Figure 1. Pedigree of the family of the CMI CH10 patient.
NA: no data on the parents. Genotypes are indicated
with the nucleotides of the coding strand of the LRP4
gene, which is the reverse of that used in a standard
way to indicate genomic SNVs. Therefore, allele C is
equivalent to allele G of rs72897663

NA NA

CH10a

CH10
rs72897663 AC AC
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which has been defined as a protector in whole genome
association study with total BMD?°,

The low number of patients must be taken into ac-
count as a limitation of our study. This could explain
both the absence of causal variants in the LRP4 gene in
these two cohorts and the results contrary to those ex-
pected in allele frequency in the SNP rs2306032. Thus,
increasing the size of the cohorts would provide us with
a deeper understanding of the role of LRP4 on these
phenotypes.

In conclusion, although LRP4 is undoubtedly an im-
portant gene for bone biology, we have not found any va-
riant that could explain the HBM or CMI phenotype.
Despite these negative results, it is interesting to consi-
der LRP4 in the selection of candidate genes that may
explain HBM or CMI-causing phenotypes.

}}l Conflict of interests: The authors declare no conflict of interest.
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Objetive: This work aimed to analyze the cut-out phenomenon, which involves oblique displacements and/or rotations
of the femoral head around the cephalic component of the intramedullary nail. The analysis was carried out using finite
element numerical models. This technique seeks to understand the failure of this type of fixation and establish what po-
sitioning of the system favors or prevents failure due to cut-out.

Material and methods: The study was carried out on a numerical model of the proximal limb of an artificial femur and
an intramedullary nail type PFNA (proximal femoral nail anti-rotation). In the numerical model, the position of the in-
tramedullary nail was varied in the anterior/posterior and superior/inferior directions to analyze the influence of the
position on the cut-out phenomenon. Stresses in critical areas and torque on the nail under normal position loading
were analyzed.

Results: The most critical position was the one in which the intramedullary nail is placed in the superior position, due
to the high compressions that appear in the trabecular bone of the femoral head. The centered position of the nail de-
creased the risk of bone damage and the torque that the intramedullary nail has to support.

Conclusions: This type of model allows us to simulate the influence of the nail position and obtain variables that are
otherwise difficult to analyze. Although it is a simple model with static load, it confirms that a centered position of the
intramedullary nail reduces the risk of cut-out .

Key words: femur, hip fracture, extracapsular fracture, intramedullary nail, cut-out, finite element model.

INTRODUCTION

Proximal extremity fractures of the femur are a very com-
mon problem in today's society and of great importance as
there has been an increased incidence in the population. This
increase is explained by the longer life expectancy in recent
years, thus increasing the elderly population and, therefore,
related diseases. This is particularly relevant in Spain which
has, of late, seen a severe aging of the population’.

Several epidemiological studies describe the inci-
dence of hip fracture in Spain. In most cases these are

Correspondence: Miguel Marco (mimarcoe@ing.uc3m.es)

»

local studies and carried out over short periods of time.
National studies have been carried out, although to a lesser
extent?. According to the Ministry of Health and Social
Policy’s 2010 report “Hip fracture care in the hospitals
of the National Health System”?, a total of 487,973 cases
of fracture were recorded between 1997 and 2008. In
these figures and in those carried out in various local
studies?, a predominance of cases in the female sex and
an increase in the incidence in age over the years has
been found.
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In addition to the large number of cases, it is worth
noting the high in-hospital mortality rate (4.71-5.85%)
and one year after the intervention (25-33%)* and the
fact that one in five patients will need permanent social
and health care? That is why proximal femur fractures
pose a challenge that must be studied in depth.

Once the fracture has occurred, treatment, in most
cases of extracapsular fractures, consists of internal fi-
xation of the fragments using different osteosynthesis
devices, including intramedullary nails.

The use of these mechanical fixations implies a series
of complications that can appear after the intervention.
There are two main phenomena that can lead to the fai-
lure of the fixation devices®: the mechanical failure of
the fixation device itself and the so-called cut-out. The
latter is defined as the collapse of the femoral neck, gi-
ving rise to an oblique displacement and/or rotation of
the femoral head, thus causing damage to the trabecular
bone, and facilitating the displacement of the cephalic
screw®. An example of a cut-out failure is shown in fi-
gure 1.

The observed incidence is much higher in the case of
cut-out. Caruso et al. report a 5.6% incidence of cut-out®.
Wadhwani et al. also conclude that this phenomenon is
the most common among the major complications in
these interventions®.

Numerous studies report on the cut-out phenome-
non. The most relevant for this work are those that

Rev Osteoporos Metab Miner. 2021;13(1):21-31

analyze its incidence? or the importance of nail position,
either clinically!® or by means of numerical finite ele-
ment models!®. Other authors, such as Lenich et al, have
developed mechanical systems to evaluate the mechani-
cal behavior of the femur-nail structure and thus analyze
the failure mechanisms that occur in it under fatigue
tests!2.

In this work, the study of the cut-out was approached
using the finite element method. With this method, it is
possible to analyze the efforts and displacements suffe-
red by a femur due to an external load and under realistic
conditions®3, whether in artificial'* or human femurs?®s.
In this case, an artificial femur was simulated, in which a
31A1 intertrochanteric fracture was generated numeri-
cally according to the AO/OTA® classification, which
would be treated with an intramedullary nail. The study
on an artificial femur was chosen because it has already
been characterized by several authors, who found that
its behavior was very similar to the real human femur?’-°,
In addition, the numerical model is easier to analyze,
since it only consists of two clearly differentiated mate-
rials, thus avoiding geometric effects regarding real
human femurs.

From these tests, in which different positions of the
intramedullary nail were simulated, the variation of a
series of parameters, such as global stiffness of the
femur, tensions and torque, was studied and they were
related to the risk of failure due to cut-out.

Figure 1. Intramedullary nail implanted as treatment for a 31A3 fracture according to the AO/OTA classification.
Healthy specimen (left), fixation device failure due to cut-out (right)




ORIGINALS  The cut-out phenomenon in intertrochanteric femur fracture: analysis using a finite element mode/ 3

Rev Osteoporos Metab Miner. 2021;13(1):21-31

IMATERIAL AND METHOD

For the numerical modeling, an artificial femur (Model
No. 3406, Sawbones, Pacific Research Laboratories Inc.,
Vashon, USA) was used, which is made up of two clearly
differentiated materials that simulate trabecular bone
and cortical bone ( Figure 2a). Regarding the intrame-
dullary nail, a PFNA model (Synthes GmbH, Oberdorf,
Switzerland) has been used (Figure 2b).

Obtaining the geometry of the artificial femur from
a scanner

To obtain the geometry of this femur with sufficient pre-
cision, a computerized axial tomography (CT) was cho-
sen to generate it. The scanner was performed on a
Somatom model, SIEMENS, with a resolution of 0.44 mm
in the transverse plane and a thickness of 1 mm in the
sections. Using this scanner, it is possible to generate the
geometry of the femur and differentiate its two materials
(cortical bone and trabecular bone) due to their diffe-
rence in densities. Subsequently, by means of image seg-
mentation and taking into account the different gray
scales (Figure 3a), the geometry shown in figure 3b is ob-
tained, consisting of the cortical and trabecular bone.

Generation of the CAD model of the intramedullary nail
In this case, the model was generated using Solid Edge
2019 software. For this, on a real PFNA-type intramedu-
llary nail, the appropriate measurements were taken to
obtain maximum precision in the geometric model. Fi-
gure 3c shows the geometric pattern of the nail.

Behavior of the materials to be used

The model consists of an artificial femur (trabecular
bone and cortical bone) and a titanium alloy correspon-
ding to the intramedullary nail.

a) Artificial femur

The artificial femur, as previously explained, is made up
of two well differentiated regions, one corresponding to
the trabecular bone and the other to the cortical bone.
In the case of trabecular tissue, it is a rigid foam with
properties similar to those of trabecular bone, in this
case it is an isotropic material.

For cortical bone, a more complex material is used, a
mixture of short glass fiber and epoxy resin, in this case
being a composite material with different properties in
different directions, that is, an orthotropic material.
Since a main direction of the fibers is not shown and ta-
king into account previous works!#, the material is trea-
ted as isotropic, since it is more similar to its reality.

Regarding the material model adopted in the artificial
femur, a linear elastic behavior was assumed. It is true that,
in reality, human bone has an elastic regime and a plastic
regime, and some authors have taken this into account
when making numerical models?®?!. However, in many
other cases the femur has been analyzed as a linear elastic
material until failure2%22-24, In this case, since it would
work with relatively low loads that would not subject the
bone to a critical state, a linear elastic model was consi-
dered valid. The properties used in this work for the arti-
ficial femur were those obtained experimentally by Marco
et al.'* shown in table 1.

b) Intramedullary nail
All the components of the intramedullary nail are made of
the Ti6Al7Nb? alloy, which was modeled as an isotropic

Figure 2. a) Artificial femur Model No. 3406, Sawbones.
b) Intramedullary nail model PFNA

a)

material and with a linear elastic behavior up to the elastic
limit. The properties of this alloy are shown in table 2.

Meshing

The mesh used in the finite element models is formed by
quadratic tetrahedral elements (code C3D10 in Abaqus)
with a side of approximately 2 mm. The size of the element
in the intramedullary nail is about 1.5 mm per side. These
element sizes have been established through a mesh sen-
sitivity analysis, reaching minimal variations between con-
secutive element sizes. Figure 4 shows the femur with the
intramedullary nail and the intertrochanteric fracture mo-
deled on the finite element mesh, to reproduce the real
behavior of the specimen. The fracture was artificially ge-
nerated, although there are also different numerical me-
thods to simulate the initial fracture and its propagation'>?’,

Loading conditions

In this case, the scenario considered was that of an indi-
vidual in an orthostatic position (standing and erect po-
sition), thus considering only the action of the individual's
own weight on the femur. In the femur there are also the
loads exerted by the muscles that are acting on it, such as
the gluteus or the psoas. However, for the case of the study
in which the magnitudes of interest are stresses and
strains, as demonstrated by Cristofolini et al.??, it was not
strictly necessary to include the action of the muscles. In
this model, a static load was analyzed to simplify the
analysis, in which there is no movement of the patient, al-
though this could induce critical loads in the femur that
would be of interest.
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Figure 3. a) Scanner of the proximal area of the artificial femur. b) Surface geometry obtained from the scanner

c) Geometric model of the intramedullary nail

Table 1. Mechanical properties of the synthetic femur!*

Trabecular Cortical

bone bone
Density, p (g/cm?) 0.27 1.64
Young's modulus, E (MPa) 155 10,400
Poisson's coefficient, v 0.3 0.3
(1;1‘?:((1;1;;1 compressive stress, 157 6

Table 2. Properties of the Ti6 Al17Nb alloy?26
Ti6A17Nb

Density, p (g/cm?) 4.52
Young's modulus, E (MPa) 105,000
Poisson's coefficient, v 0.36
Yield strength, o, (MPa) 900

The numerical value of the load was 75% of the
weight of an average person, which is equivalent to 551
N for a 75 kg individual. The application of the same was
carried out with an inclination of 8° with respect to the
vertical and on a surface that simulates the region of
contact of the femoral head with the acetabulum of the
pelvis (Figure 5a).

Regarding the contour conditions, the lower region of
the proximal femur was fixed so that it did not suffer dis-
placement, as shown in figure 5b. These conditions are
similar to the usual ones used in experimental tests in
the proximal femur, in which the lower area is embedded
in surgical cement!.

Figure 4. Finite element model to study, formed by the
artificial femur and the intramedullary nail. Intertro-
chanteric fracture can be seen

Placement of the intramedullary nail in the artificial
femur. Study positions
In this work, the influence of the intramedullary nail po-
sition was analyzed. For this, a central-central position
of the intramedullary nail was used as a reference, and
its position was varied 5 mm in the coronal and sagittal
directions (Figure 6):

- Reference position: location of the intramedullary
nail taken as reference (Ref.).

- 5 mm displacement in a posterior direction in the
sagittal plane (SagPos5).

- 5 mm displacement in the anterior direction in the
sagittal plane (SagAnt5).
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Figure 5. Boundary forces and conditions in the femur. a) Region of application of the load simulating the contact
area of the femoral head with the acetabulum of the pelvis. b) Contour conditions, angle of inclination of the load

and fixation of the lower region of the proximal femur

80

- 5 mm displacement in a superior direction in the co-
ronal plane (CorSup5).

- 5 mm displacement in the inferior direction in the
coronal plane (CorInf5).

In order to evaluate the possibility of failure due to
cut-out that each of the configurations would present, a
radiographic parameter that measured this risk was eva-
luated. These types of parameters are usually based on
geometric relationships relative to the position of the in-
tramedullary nail relative to the femur. In this case, the
Parker parameter?® was chosen, defined as:

PR =ab/ac
where ab and ac are the dimensions shown in figure 7,
both in the anteroposterior radiograph (Figure 7a) and
in the lateral (Figure 7b).

Table 3 shows the Parker parameter values for the
different positions studied. As can be seen, the reference
position showed a parameter close to 50%, while in the
rest of the positions the Parker parameters deviated
from this value.

Parameters to be analyzed in the model
Thanks to the finite element model, it is possible to
analyze a large number of variables that can help us un-
derstand the cut-out phenomenon and what factors con-
tribute to it. The results under study were:

- Maximum von Mises stress in the fixation device
(oMises)- This parameter establishes how critical the con-
ditions are for fixation, indicating the possibility that the
nail may break.

- Minimal principal stress on the trabecular bone of the
femoral head (0, ppar)- This variable determines the
compression suffereg by the trabecular bone due to the
pressure exerted by the intramedullary nail. The higher

this value, the greater the potential for small trabecular
breaks, leading to nail-to-bone clearance and reducing fi-
xation.

- Global stiffness of the femur. The overall stiffness of
the femur may be affected by the inclusion of the intra-
medullary nail and the position of the nail. This parame-
ter indicates the displacement suffered by a structure
due to a given load, the higher the stiffness, the lower
the displacement.

- Torsional moment experienced by the cephalic screw
(TY. It indicates the rotational force that the lag screw is
undergoing due to the union that exists with the trabecu-
lar bone. The greater this torque, the more likely that the
fixation will not be able to hold the femoral head in posi-
tion and will cause the head to rotate over the nail.

Numerical model of damaged femur

Finally, a numerical model was developed that simulated
the mechanical behavior of a human femur with areas al-
ready damaged due to the initial stages of the cut-out. In
this model, the trabecular bone in the area superior to the
lag screw would be microstructurally damaged, in such a
way that it could not properly support the loads to which
it was subjected. This damage was simulated by reducing
the stiffness of the material in that area to 1% of the initial
value. This would correspond to the early stages of cut-out
failure, in which the trabecular bone is slightly damaged,
such that the lag screw of the intramedullary nail is not
able to properly fixate to the femoral head.

REesuLTs

Table 4 shows the parameters discussed in the previous
section for each of the finite element models developed
in this work.
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Von Mises maximum stress

Considering the maximum von Mises tension in the fi-
xation device, it was obtained that said tension was al-
ways located in the region where the intramedullary nail
and the lag screw are connected (Figure 8). In this coin-
cidence zone, a stress concentration was obtained and,
in addition, the bending generated by the load in this re-
gion was also maximum. When the position of the intra-
medullary nail was lowered 5 mm in the coronal plane
(CorInf5) a significant increase in tension was obtained
with respect to the reference position. In all models the
tension remained well below the elastic limit of the in-
tramedullary nail material throughout (o, = 900 Mpa).
From the latter, it would seem the intramedullary nail
does not undergo critical stresses under normal load
conditions. Furthermore, variations in position do not
lead to its failure.

Minimal principal stress in trabecular bone

Continuing with the minimum principal stress in the fe-
moral head, oy 5pa1 figure 9 shows these stresses in
the different positions studied. In this case, only the area
of the trabecular bone above the lag screw is of interest.
In all cases, the greatest compression (negative values
imply greater compression) was found to take place at
the end of the lag screw, since due to the applied load
there was a compression between the load zone and the
end of the screw. This compression was especially pro-
nounced in the CorSupb5 position. So, by positioning the
intramedullary nail 5 mm in a superior direction in the
coronal plane, the mass of trabecular bone tissue bet-
ween the cortical bone and the cephalic screw is redu-
ced, thus increasing its compression of this trabecular
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bone tissue area, which cannot adequately distribute the
received load. This was also corroborated by other finite
element models, such as the one carried out by Goffin et
al.'%, in which a positioning in the superior direction re-
portedly increased the compression in the trabecular
bone and, consequently, the related damage.

Global stiffness of the femur

Regarding the global stiffness of the femur, it was not
found to be significantly affected by varying the intra-
medullary nail position. This implied that, in the femur
fixed by the intramedullary nail, analyzed as a structure
in a global way, the variation in the position of the screw
did not significantly affect the overall rigidity of the
screw.

Torque

Finally, considering the torque experienced by the lag
screw, a special increase was observed in the SagPos5
and CorlInf5 positions. In the case of the SagPos5 posi-
tion, based on figure 6, a reported increase in the eccen-
tricity of the cephalic screw with respect to the center
of the femoral head contributed to the increase in tor-
sional moment. In the case of the CorInf5 position, the
descent of the screw caused an instability in the fixation,
which implied an increase in torque and, therefore, an
increase in the possibility of rotation of the femoral head
on the screw. In the case of the SagAnt5 position, the tor-
que was drastically reduced, and this was due to the as-
ymmetric geometry of the femur. Thanks to this
asymmetry, this variation in screw position favored
screw stability, although in this case a static load cente-
red in the sagittal plane was being analyzed.

Figure 6. Study positions of the intramedullary nail. Trabecular bone tissue is shown in pink, cortical bone gray and
intramedullary nail in gold. For each of the positions, the cross-sectional view is shown on the left and the coronal

view is shown on the right
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Figure 7. Dimensions involved in the calculation of the Parker parameter'’. a) Anteroposterior radiograph. b)

Lateral radiography

Relationship with the RP parameter

The values of 46.47%+9.48 for the case of the antero-
posterior RP and of 53.38%+10.00 for the lateral RP ob-
tained from Andruszkow et al.?’ were taken as reference,
and it was considered that the risk of cut-out is increa-
sed both by increasing and decreasing these values.

The PR parameters studied and their relationship
with the cut-out were compared with the values presen-
ted in tables 3 and 4.

Comparing the results shown in table 3 with those
mentioned in the previous paragraph, it was noticed that
the position CorInf5 is the one with values closest to
these. Therefore, this was later taken as the new refe-
rence position. The more the values of the rest of the po-
sitions differed with respect to this, the greater risk of
cut-out it was considered that they would entail.

Starting with the anteroposterior RP, it was noted
that as it descended there was an increase in the von
Mises tension experienced by the intramedullary nail
and, on the contrary, when it increased there was an in-
crease in the compression experienced by the trabecular
bone tissue. No clear trends were observed between the
anteroposterior RP and the torque experienced by the
lag screw.

Considering the lateral RP only, it was found that its
increase led to an increase in the torque experienced by
the lag screw.

On the other hand, a relationship between global stiff-
ness and Parker parameters was not observed.

Numerical model of damaged femur

Finally, the model that simulated the mechanical be-
havior of the femur in the early stages of cut-out da-
mage is presented. Figure 10 shows the results relative
to the minimum principal deformation (equivalent to

Table 3. Parker parameters of the studied positions

BOSItion Anteroposterior PR Lateral PR
%] [%]
Ref. 56.8 53.8
SagPos5 554 65.4
SagAnt5 56.5 455
CorSup5 63.8 57.0
CorlInf5 48.0 55.7

the highest compression values in terms of deforma-
tion) and the field of displacements in a global way. Fi-
gure 10a shows the area of trabecular bone that has
been numerically damaged, in the upper part of the lag
screw. This area could not support the load correctly.
Therefore, it suffered large compression deformations,
which differed from those obtained around it. Figure
10b shows the field of displacements in the trabecular
bone. In this case, the damaged model suffered a maxi-
mum displacement in the area of the femoral head 0.02
mm greater than the healthy femur. This difference is
small, although it can be critical and lead to greater da-
mage in nearby areas. In this case, a small trabecular
bone damaged area was simulated, hence the variation
in displacements was not greater.
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Figure 8. Zone of maximum von Mises tension in the intra-
medullary nail. Position: Ref. Values in MPa

S, Mises
(Avg: 75%)
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+9,999e+01
+7,999e+01
+5,999e+01
+3,999%e+01
+2,000e+01
+0,000e+00
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center with respect to the two planes of the fe-
moral neck. Lenich et al.'? suggested that this po-
sitioning minimizes the effect of possible
rotations that may appear between the femoral
head and the screw.

Considering the ranges of the anteroposterior
and lateral RP values for which there is a risk of
failure due to cut-out, Parker?® establishes that
the anteroposterior RP value for the cases wi-
thout incidents was 45%, while for the failure
cases per cut-out was 58%. In the cases of lateral
RP, they were 45% and 36%, respectively.

Andruszkow et al.? distinguishes between frac-
tures treated with sliding screws and with intra-
medullary nails, in addition to differentiating the
type of fracture according to the AO/OTA classifi-
cation. In this study, a mean of 46.47%+9.48 was
obtained in the case of anteroposterior RP and
53.38%+10.00 for lateral RP in AO/OTA 31A1
fractures treated with an intramedullary nail
there has been no failure due to cut-out, and no
case of failure due to cut-out has been reported in
this type of fractures treated with these fixation
devices.

There is a discrepancy on whether the risk of
cut-out increases or decreases by increasing or
decreasing this parameter. For example, Parker?®

Discussion established that the risk of cut-out increased when the
Based on the conclusions drawn from this work and co- fixation device tended to be positioned more towards
rroborating them with the work of Lenich et al.'?, it is the posterior direction, which is equivalent to increasing
quite evident that the best position that favors the bio- the lateral PR value. However, Baumgaertner et al.® sta-
mechanics of the femur with intramedullary nail fixation ted that the risk of cut-out increased when the fixation
is the one in which the screw is in the position center- device was positioned more in the anterior direction.

Figure 9. Minimal principal stress on the femoral head. Values in MPa

S, Min. Principal

+0.000e+00
-1.667e-01
-3.333e-01
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-6.667e-01
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-1.500e+01
-1.667e+01
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-2.000e+00
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Figure 10. Results obtained in the damaged femur model. A) Minimal major deformations in the trabecular bone.

B) Global displacement field in the trabecular bone

a)

E, Min. Principal

+0,000e+00
-5,833e-03
-1,167e-02
-1,750e-02
-2,333e-02
-2,917e-02
-3,500e-02
-4,083e-02
-~ -4,667e-02
-5,250e-02
-5,833e-02
-6,417e-02
-7,000e-02

b)

U, Magnitude

+6,000e-01
= +5,500e-01
+5,000e-01
~ +4,500e-01
+4,000e-01
+3,500e-01
= +3,000e-01
+2,500e-01
= +2,000e-01
© +1,500e-01
+1,000e-01
+5,000e-02
+0,000e+00

Table 4. Parameters obtained in the different models using finite element models

Position ﬁ\“a“iiii ai'ﬁ"l;‘;’f' Glo?;l/:;irfnf;less [N-::m]
Ref. 240 -2.6 936 670
SagPos5 187 -1.5 914 1,147
SagAnt5 219 -2:3 928 74
CorSup5 183 -4.1 988 267
CorlInf5 326 -2:3 911 962

Other studies based on finite element models, such
as that by Goffin et al.1%, opt for a screw position in the
lower zone, to minimize damage to the trabecular bone.
This conclusion may be valid in simple models in which
the load is fixed, but in the real biomechanics of the hip,
a position different from the central-central position can
lead to high torsional torques at certain moments of gait
or other positions. resulting in rotations of the femoral
head that can damage the area around the screw. The
numerical model of Goffin et al.!* did not consider the
torque depending on the position, a parameter that in
this work we consider relevant in the analysis of this
phenomenon.

Although an artificial femur was analyzed in this
work, these have been widely studied in the literature,
and their mechanical behavior is similar to that of
human femurs, as Cristofolini et al.3° of static numerical

models, in which variations in the load position and
dynamic effects are not taken into account. In the near
future, it is expected that the numerical model will be
improved and will be able to include these aspects.

CONCLUSIONS

The main conclusions obtained in this work are the fo-
llowing:

- The low von Mises stresses experienced in the fixa-
tion device in relation to its elastic limit explain the low
incidence of failures in these compared to failures by cut-
out, therefore, the position of the screw does not affect
at any time the integrity of the nail.

- Considering the sagittal plane, cut-out failure is more
likely when the nail is displaced in both the anterior and
posterior directions, with movements in the posterior di-
rection being accompanied by an increase in the torsional
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moment experienced by the lag screw. This implies that the
nail cannot fix the femoral head, leading to its rotation.

- Considering the coronal plane, cut-out failure will tend
to occur when the intramedullary nail is displaced in the
superior direction, a failure related to compression of the
trabecular bone tissue. Offsets in the lower direction
would help avoid this failure, but would lead to a higher
load on the fixture and increased torque under realistic
biomechanical conditions.

- Taking into account the actual biomechanics of the
hip and its rotations in activities of daily living, the safest
position of the cephalic component in rotationally uns-
table fractures is center-center.

Rev Osteoporos Metab Miner. 2021;13(1):21-31

- Using numerical models, it is possible to simulate the
first stages of cut-out, in which a damaged area can give
rise to small displacements, which may later increase the
damage, finally triggering the aforementioned phenome-
non.
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Summary

The immune system and the bone often share the same anatomical niches and spaces, as there is a close functional re-
lationship between both of them. As a consequence, there is a constant interaction between them and a bidirectional
flow of information between the immune cells and those of the bone tissue (osteoclasts, osteoblasts and osteocytes)
often unknown, in which multiple inflammatory mediators and various growth and cell differentiation factors are in-
volved. This leads to a very close interaction between inflammation and bone loss. In fact, osteoporosis (OP) is one of
the most frequent systemic complications in chronic inflammatory diseases (CIDs). The prevalence of OP in CIDs depends
on each pathological scenario. Rheumatoid arthritis (RA) is a paradigmatic disease which causes chronic inflammation,
where the presence of OP is frequent and shows even prior to the appearance of the first symptoms of the RA. The pa-
thogenesis of RA-associated OP is complex and includes the cooperation of multiple pro-inflammatory cytokines that
promote osteoclastogenesis and inhibit bone formation. Tumor necrosis factor alpha (TNF-a) and different interleukins
(IL), such as IL-1, IL-6 and IL-17, stand out among all, IL-6 having a relevant hierarchical role. In this study, we review
the role of pro-inflammatory cytokines in bone and joint destruction in different CIDs, giving special emphasis to RA, as
we set out the bases of possible pathways that open new therapeutic horizons in the their framework.

Key words: osteoporosis, rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis, pathophysiology, interleukins,

IL-6, treatment.

CHRONIC INFLAMMATORY DISEASES

Chronic inflammation is a nonspecific response against
aggressor agents mediated by the body’s immune system.
In such a scenario, an infiltrate of predominantly mono-
nuclear cells, such as lymphocytes, macrophages and
plasma cells, is produced. Under certain conditions or
when the aggressor agent persists, a sustainable accumu-
lation and activation of immune cells occurs. Then, the se-
cretion of cytokines, agents that prolong the life of
lymphocytes and macrophages, is increased, what leads
to chronic inflammation.

Inflammation is the main mechanism involved in
bone destruction in chronic inflammatory diseases
(CIDs)%, such as rheumatoid arthritis (RA), ankylosing
spondylitis (AS), psoriatic arthritis (PsA), systemic
lupus erythematosus (SLE), multiple sclerosis and/or
inflammatory bowel disease (IBD). These diseases
show a chronic systemic inflammation that can affect
different organs, caused by an alteration of the immune
system?.
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One of the characteristics of CIDs is the common
symptoms that patients present: malaise, fatigue, day-
time sleepiness, weakness, nonspecific arthromyalgia,
hyporexia, anxiety and low mood?.

Inflammatory joint diseases encompass more than
100 different and heterogeneous disorders that affect
the joints and cause disability. However, RA and spondy-
loarthritis (SpA: AS, reactive arthritis, PsA and SpA as-
sociated with IBD) are the most frequent'.

RA is an autoimmune disease considered the pro-
totype of destructive inflammatory arthritis and charac-
terized by chronic inflammation of the synovium in
multiple joints and tendon sheaths. The synovial mem-
brane is the target organ where the immune system in-
terferes with bone homeostasis, producing severe
structural damage and bone destruction there where
joint and peri-articular inflammation exist>. In fact, in
patients with inflammatory rheumatic diseases, bone
destruction occurs together with erosions, periarticular
osteopenia and/or generalized osteoporosis (OP ).
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The cause of RA-associated OP has its origin in an al-
teration of bone remodeling, which is the common pa-
thophysiological mechanism of both diseases. The loss
of bone mass in RA can be periarticular or generalized.
Periarticular loss, commonly called juxta-articular OP,
affects the trabecular and cortical bone and is one of the
first radiological manifestations. It can precede both the
appearance of erosions and damage to the joint space®,
and is easily detected on X-rays of the hands. Accelerated
bone loss in the hands has been associated with the de-
velopment of RA in patients suffering undifferentiated
arthritis’ and presenting progressive joint disease in the
hands and feet at the onset of RA%1°,

Another form of RA bone loss involves erosion of the
marginal bone as a consequence of inflammation of the
synovial membrane®. The erosion, generally irreversible,
may begin before arthritis symptoms appear and is re-
lated to the severity of the disease and functional im-
pairment!. Finally, and due to autoimmune mechanisms,
RA usually produces generalized bone loss (systemic
OP), inclusively in those regions of the skeleton located
far from the inflamed joints® even in the initial stages of
the disease!™.

THE BONE SYSTEM AND THE IMMUNE SYSTEM

The musculoskeletal system and the immune system
closely interact in the homeostasis of hemopoietic and
lymphopoietic cells, acting in the pathogenesis of CIDs-
associated OP as well as in postmenopausal OP, but it re-
mains to be explained how adaptive immune responses
affect the bone tissue. However, recent evidence has re-
vealed that the reverse is also true: bone cells regulate
immune cells, a concept consistent with the established
role of bone marrow in the development and homeos-
tasis of the immune system®!213,

Due to its anatomical characteristics, both the in and
out of the bone tissue are closely related to the immune
system. In the inside, in the bone marrow, hematopoiesis
occurs, so bone and immune cells locally work together in
an indisputable way. At the outside, the skeleton is in direct
contact with the periosteum, entheses, and juxta-articular
bone, where it connects with determining structures that
have a role in the joint destruction process that characte-
rizes chronic inflammatory joint diseases (CIJDs)®.

Likewise, the immune system and bone tissue are
connected to the general circulation by nutritional and

periosteal vessels that cross the cortical bone, and, wi-
thin the bone compartment, this connection is produced
through fibrous enthesis junctions and calcified compo-
nents of cartilage and fibrocartilage!*.

This permanent interaction between bone and im-
mune system is of great importance in maintaining
bone homeostasis and is also key in bone pathology.
Throughout adult life, bone remodeling occurs in basic
multicellular units (BMUs) or bone remodeling units,
where osteoclasts reabsorb a certain amount of bone,
and osteoblasts form the osteoid matrix and minera-
lize it to fill the previously created cavity (Figure 1).
There are osteoclasts, macrophages, preosteoblasts
and osteoblasts inside BMUs that are governed by a se-
ries of factors, both general and local, and allow the nor-
mal functioning of bone tissue and the maintenance of
bone mass.

Bone cells interact with the immune system cells in
the bone marrow development during growth and the
healing of fractures. Apart from that, osteoblasts play an
important role in controlling the renewal and differen-
tiation of hemopoietic stem cells and B cells in places
close to the endosteum?*,

A series of substances synthesized by bone cells, im-
mune system cells or bone marrow have an effect on
bone growth and remodeling. The most important local
factors are growth factors, cytokines, and bone matrix
proteins (Table 1).

The musculoskeletal and the immune systems inter-
act with each other, sharing molecules and generating a
collaborative regulatory system called "osteoimmune
system". The most representative and well-known mo-
lecule of this system is the receptor activator of nuclear
factor kappa B ligand (RANKL), which fulfils multiple
functions, both under physiological conditions and in
conditions as different as RA and bone metastases.
Based on current evidence showing great mutual depen-
dence, it is accepted that the relationship between bone
and the immune system does not develop by accident,
but as a necessary consequence of evolution®.

RANKL expression in osteoblasts is stimulated by va-
rious factors or molecular mediators, such as the interleu-
kin (IL) 1, IL-6, IL-11, IL-15, IL-17, TNF-q, prostaglandin
E2, parathormone (PTH), calcitriol, interferon and gluco-
corticoids (GCs), and is suppressed by the transforming
growth factor-f (TGF-f) (Table 1). On another note, the

Figure 1. Classic diagram of the phases and cell lines involved in bone remodeling
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osteoprotegerin (OPG) expression is sti-
mulated by the TGF-3, bone morphogene-
tic proteins (BMPs), interferon (IFN), IL-6,
[L-11 and IL-13 and is inhibited by the
PTH, IL-17, calcitriol and GCs. Estrogens

inhibit RANKL production and increase e

OPG and TGF-p secretion (Table 1)5131516, IL-6
The immune and bone systems share, IL-1

indeed, a wide range of regulatory mecha-

nisms, and today we can assert this in- IL-8

fluence to be bidirectional, not only of the IL-11

immune system on the bone, but also in

the opposite direction®!3. In fact, in the RANKL

bone marrow microenvironment, bone IL-17

cells and immune system cells are so clo- g

sely located that their interaction is logi-
cal'’.
The RANK/RANKL/OPG system is the

M-CSF

promoter of most of the factors that regu-
late bone resorption. It belongs to the
group of proteins related to tumor necro- T —
sis factor a (TNF-a) and actively partici-
pates in the control of bone resorption IL-2
and activation of osteoclasts!®. Although L4
the RANK/RANKL/OPG pathway remains
the basis for understanding the coupling OPG
of the immune system cells with those of
the bone system, some research suggests
that there may be additional stimuli and DKK-1
unique pathways that act independently Sdleesiin
or in concert with RANK*2,

Systemic inflammation in RA increases TNF-a
the production of inflammatory cytoki-
nes, such as TNF-q, IL-1, IL-6 and IL-17, e

which act on the RANK/RANKL/OPG
system, activating osteoclastogenesis and
increasing bone resorption, due to RAN-
KL's wide expression in synovial fibro-
blasts and in the T cells of inflamed joints
of RA patients'’. This abnormal activation
of osteoclasts in the absence of equivalent levels of os-
teoblastic activity results in a generalized decrease in
bone mass and a higher incidence of vertebral and non-
vertebral fractures!” 8,

The immune regulation of osteoclasts is closely rela-
ted to the RA pathogenesis. There is evidence that RA
bone destruction is primarily caused by the increased in
osteoclast activity as a result of the activation of a unique
subset of T helper cells, the T helper 17 cells (Th-17).
These cells have a low production of IFN gamma (IFN-y)
and are capable of causing local inflammation through
the production of pro-inflammatory cytokines?.

Mature Th-17 cells produce IL-17, IL-21, and IL-22,
all of them cytokines with high pro-inflammatory acti-
vity. In RA, IL-17 produced by Th-17 cells exerts its os-
teoclastogenic effect by stimulating RANKL expression
in synovial fibroblasts!3. In immune precursor cells such
as macrophages, IL-17 also stimulates the production of
inflammatory cytokines, including TNF-q, IL-1f and IL-6,
and get in contact with the RANK of osteoclast precur-
sors, all this leading to the differentiation of osteoclasts,
provoking them to migrate towards the marginal zone
where erosions begin®'3. Furthermore, synovial cells sti-
mulated by inflammatory cytokines also produce ma-
trix-degrading enzymes that play an important role in
articular cartilage destruction?.

Bone resorption
stimulation factors

Catepsina K
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Table 1. Main mediators involved in bone remodeling

Main effects on bone tissue

Osteoclast activation. Osteoblast inhibition
Osteoclast activation. Osteoblast inhibition
Stimulates osteoclastogenesis
Stimulates osteoclastogenesis
Stimulates osteoclastogenesis
Osteoclast activation
Osteoclast activation
Osteoclast activation
Osteoclast activation
Stimulates osteoclastogenesis
Bone resorption inhibition factor
Inhibition of osteoclasts
Inhibition of osteoclasts
Inhibition of osteoclasts
Inhibition of osteoclasts
Bone formation inhibition factor
Inhibition of osteoblasts
Inhibition of osteoblasts

Inhibition of osteoblasts
(dual effect: they also activate osteoclasts)

Inhibition of osteoblasts
(dual effect: they also activate osteoclasts)

DKK-1: Dickkopf-1; IFN: interferon; IL: interleukin; M-CSF: macrophage colony sti-
mulating factor; OPG: osteoprotegerin; RANKL: receptor activator of nuclear factor
kappa B ligand (NF-kB); TNF: tumor necrosis factor.

Modified from ref. 5 (Llorente I et al. Front Med. 2020).

RoLE OF INTERLEUKIN-6 (IL-6) IN RA AND OSTEOPOROSIS

IL-6 plays an essential role in the pathophysiology of
RA and associated bone destruction. Through cell signa-
lling, which can be initiated in the cell membrane or by
soluble forms of its receptor, IL-6 acts both locally, pro-
moting joint inflammation and destruction, and syste-
mically, causing some of the extra-articular and systemic
manifestations of the disease, including pain, fatigue,
morning stiffness, anemia, depression, low mood and
weight loss!9-21,

IL-6 actions are mediated through the interaction bet-
ween its non-signalling receptor-a, the IL-6 receptor (IL-
6Ra), with which it interacts first, and subsequently
forms a bond with the transduction receptor of signals,
the glycoprotein (gp) 13022 IL-6Ra is expressed in he-
patocytes, monocytes/macrophages, neutrophils, and
some types of T cells®.

Through intracellular signalling by binding to its mem-
brane receptor or by the classical pathway, IL-6 regulates
normal processes related to the immune and neuroendo-
crine systems, hematopoiesis, bone metabolism, lipid and
glucose metabolism and acute phase responses. When IL-6
binds to its soluble IL-6R receptor, it predominantly re-
gulates systemic pro-inflammatory effects, including mo-
nocyte recruitment, macrophage differentiation, and T
cell recruitment and differentiation. Its bond with cell
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membrane’s gp130 prolongs its life average, which is why
elevated IL-6 values are observed in the serum and syno-
vial fluid of these patients®’.

Apart from this, IL-6 is an effective stimulator of os-
teoclast-induced bone resorption and is essential for the
pathogenesis of bone loss in the context of chronic in-
flammation, as occurs in other pathologies such as IBD?2,
Elevated IL-6 values in patients with RA produce an in-
crease in osteoclastogenesis and an imbalance of bone
remodeling in favor of resorption, which leads to a ge-
neralized bone mass loss and, secondarily, osteoporo-
sis?2,

In the preclinical state of RA, IL-6 binds to various cell
lines and causes neutrophil migration to the joints, con-
tributing to the development of chronic inflammation,
impaired B and T cell differentiation, and angiogenesis.
Subsequently, hepatocytes are stimulated to produce
acute phase reactants such as C-reactive protein, fibri-
nogen, and serum amyloid A0,

In summary, IL-6 is an essential mediator in the pa-
thogenesis of RA, acting indirectly on the bone and con-
trolling the inducing effects of TNFa and IL-1 bone
resorption. IL-6 increases RANKL production, induces
the RANKL mRNA expression and increases bone re-
sorption through RANK/RANKL/OPG interaction. The
resulting bone erosion and cartilage destruction, toge-
ther with inflammation and thickening of the synovial
membranes, cause the development of inflammatory
pannus that causes irreversible damage to the joint®.
Therefore, IL-6 inhibition is an excellent resource in the
treatment of RA that minimizes joint and bone damage.
IL-6 inhibitors target both IL-6 ligand and IL-6R%23:24,

SECONDARY OSTEOPOROSIS CAUSED BY THE TREATMENT OF CIDs

The iatrogenesis produced by GCs also plays a relevant
role in OP associated with CIDs?>2¢, In fact, the GC treat-
ment used in RA, IBD and in 50% of premenopausal
women with SLE is the most frequent cause of secon-
dary OP and the first cause of OP in the population
under 50 years of age?’, mainly caused by the inhibition
of bone formation, provoked by a decrease in the num-
ber and activity of osteoblasts and because GCs favor os-
teocyte apoptosis, and primarily due to abnormally
activated osteoclastogenesis. GCs block the action of vi-
tamin D in the absorption of calcium?’. Patients with RA
have a risk of vertebral and hip fracture 2 to 3 times higher
than the general population of the same age and sex?’.
Furthermore, the dose and time of exposure to GC are
keys to the risk of fracture?.

In RA, the coexistence of comorbidities is frequent and
is related to the disease itself, inflammatory activity or
treatment, resulting in an increase in physical disability.
The decrease in physical activity that sometimes leads to
prolonged immobilization periods also induces bone and
muscle mass losses ("typical sarcopenia in RA").

OP TREATMENT IN PATIENTS WITH RHEUMATOID ARTHRITIS

In RA patients it is advisable to periodically evaluate the
risk of fracture using fracture risk scales such as FRAX®
(Fracture Risk Assessment Tool; https://www.shef-
field.ac.uk/FRAX/tool.aspx?lang=sp) and/or periodic
determination of bone mineral density (BMD) by dual
X-ray densitometry (DXA). This recommendation is even
more important in patients older than 50 years of age,
suffering severe RA and/or who have received prolon-
ged treatment with GCs?.

The main objective of the treatment of primary OP or
as comorbidity of RA is fracture prevention??3°, The ac-
tion of the treatment can be antiresorptive or bone-for-
ming. The most widely used antiresorptive drugs are
oral bisphosphonates and denosumab. Teriparatide is
the treatment of choice when bone-forming treatment
is to be started®'.

To our knowledge, no randomized controlled trials
with bisphosphonates have been published regarding
patients with RA-associated OP with fracture as pri-
mary endpoint, but only regarding patients with GC-in-
duced RA and OP?2, In these patients, bisphosphonates
prevent bone loss in the lumbar spine and femoral neck
and reduce the risk of vertebral fracture after 24
months of treatment, but have no effect on the preven-
tion of non-vertebral fractures3.

Although bisphosphonates are the first-line treat-
ment for OP, denosumab has demonstrated its antire-
sorptive efficacy in patients with primary and secondary
OP3%, Denosumab is a human monoclonal antibody
(IgG2) that targets and binds with high affinity and spe-
cificity to RANKL, preventing the activation of its recep-
tor, RANK, on the surface of osteoclasts and their
precursors. By preventing the RANKL/RANK interac-
tion, osteoclast formation, function, and survival are in-
hibited, which in turn causes decreased bone resorption
in trabecular and cortical bone3*. In a randomized and
controlled trial, treatment with denosumab and calcium
and vitamin D supplements significantly increased lum-
bar spine and total hip BMD after 6 and 12 months, re-
ducing the risk of fracture and also reducing the
radiological progression of arthritis in RA patients trea-
ted with methotrexate.

Teriparatide acts as an anabolic drug by increasing
bone formation, stimulating osteoblastogenesis and de-
creasing the osteoblasts and osteocytes apoptosis®2 In
clinical practice, it has been observed that teriparatide
treatment reflects a significant increase in BMD and a
decrease in vertebral fractures in RA patients under GCs
treatment®®. These results were endorsed by the same
authors in an integrated analysis consisting of four ob-
servational studies under clinical practice conditions, in
which a reduction in non-vertebral fractures was also
observed. However, these results should be viewed with
caution, since they are uncontrolled studies?¢.

EFrecT OF IL-6 INHIBITORY THERAPIES ON BONE LOSS DURING RA

As mentioned previously, one of the deleterious effects
induced by RA chronic inflammation is the bone mass
loss produced by the imbalance in bone remodeling in
favor of resorption®. Likewise, the use of GCs in RA pa-
tients for more than three months increases the bone
mass loss, especially trabecular mass loss, raising verte-
bral and hip fracture risk®’. A more recent study conclu-
ded that the incidence of fractures in patients receiving
GC treatment is even higher than is known, especially at
the beginning of the treatment. Thus, an annual inci-
dence of vertebral fracture of 5.2% was detected in pa-
tients in an early stage of the treatment, this incidence
decreased to 3.2% in those under prolonged treat-
ment3e,

Treatment of RA with IL-6 antagonists is effective in
controlling inflammatory activity, since this cytokine not
only causes local inflammation, but also damage to bone
structures due to its ability to stimulate the expression
of the RANKL and osteoclastogenesis®. Sarilumab and
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tocilizumab are two biological drugs approved in Spain
for the treatment of RA. Their mechanism of action is
based on blocking the IL-6 receptor.

The effect of tocilizumab and sarilumab on the bio-
chemical markers of bone remodeling, both formation
and resorption, has been analyzed in some clinical trials.
In the MONARCH study, monotherapy with sarilumab
compared with that with adalimumab, achieved a signi-
ficantly greater reduction in the RANKL biomarker for
bone resorption, and a greater increase in the markers
of procollagen type 1 N-terminal propeptide (P1NP) and
osteocalcin®. In this and other trials, it has been shown
that the decrease in RANKL levels and in RANKL/OPG
ratio begins in the early stages of the treatment (week 2
after the start of the treatment with sarilumab), and that
the decrease is maintained and even progresses during
the 24 weeks of the study3?4L.

Tocilizumab treatment over one year has not shown
some significant changes in BMD in patients with nor-
mal baseline values, but in those with osteopenia*. After
two years of treatment, tocilizumab has shown a signi-
ficantly increased BMD in the femoral neck in patients
with positive cyclic anti-citrullinated peptide antibodies
(ACPA)*3. Regarding bone remodeling biomarkers, toci-
lizumab significantly increases bone formation, achie-
ving a 25% reduction in the carboxy-terminal telopeptide
of type I collagen (CTX-I)/osteocalcin ratio after 16 weeks
of treatment*, a small decrease (<15%) in the CTX-I and
cross-linked carboxy-terminal telopeptide of type I colla-
gen resorption biomarkers generated by matrix metallo-
proteinases (ICTP)* at 24 weeks, and a significant
increase in osteocalcin levels in 100% of patients at the
end of the 52 weeks of treatment*®.

All these data together suggest that the specific bloc-
king of IL-6 could produce a direct anti-osteoporotic ef-
fect which is added to its indirect beneficial effects, such
as the clinical control of the disease activity or the re-
duction, and even withdrawal of the systemic inflamma-
tion. Anti-TNF agents have also shown some efficacy in
reducing systemic bone loss in RA%?7.

SECONDARY OSTEOPOROSIS CAUSED BY ANKYLOSING SPONDYLITIS
AND OTHER CIDs

25% of patients with AS present OP and an increased
risk of vertebral and non-vertebral fractures. Although
bone loss depends on multiple factors, the effect of pro-
inflammatory cytokines (TNF-qa, IL-1 and IL-6) on oste-
oclast activation appears to be one of the main ones. In
advanced stages of the disease, the decrease of BMD
and the occurrence of fractures are also influenced by
mechanical factors due to immobility, and spine stiff-
ness.

The assessment of BMD in AS in the spine using tra-
ditional DXA is more difficult to carry out because of the
appearance of ossification/syndesmophytes, especially
in late stages of the disease, which can overestimate the
assessment of the subject's calcium mineral content, al-
though bone loss has been detected in other anatomical
regions such as the hip even in the initial stages of the
disease*”. A decrease in bone mass has been also detec-
ted in the spine using other techniques, complementary
to DXA, such as DXA assessment using lateral projection,
less sensitive to artifacts*é, or by applying the trabecular
bone score (TBS)*’, which allows visualization of the
bone micro-texture of the vertebral body avoiding the
addition of calcium that supposes the presence of

Rev Osteoporos Metab Miner. 2021;13(1):32-38

syndesmophytes or other juxta-vertebral ossifications,
and which is a good predictor of clinical vertebral frac-
ture and major osteoporotic fracture in patients with AS,
regardless of the FRAX®%,

The treatment with TNF-a inhibitors, the most widely
used biological treatment, in these patients, not only re-
duces the inflammatory activity of the disease, but also
improves the quantification of remodeling biomarkers
and increases BMD®?, although it is not yet clear that
they reduce the incidence of new fractures®'.

The prevalence of OP and fracture risk in patients
with psoriasis and PsA is a widely debated issue, still un-
clear at the present time. Traditionally, there is a higher
prevalence of OP in patients with psoriasis and PsA,
when compared with the control population®?53, Regar-
ding fractures, in a population-based study carried out
by Ogdie et al. patients with psoriasis and PsA were re-
ported to have a higher risk of fractures, with an adjus-
ted hazard ratio (HR) of 1.26 (1.06-1.27) in patients with
PsA, while patients with severe or severe psoriasis
would have increased risk of any type of OP fracture as
well as vertebral fractures: adjusted HR of 1.26 (1.15-
1.39) and 2.23 (1.54-3.22), respectively®*.

However, other authors do not seem to find in pa-
tients with PsA a prevalence of OP higher than in the ge-
neral population, except for those presenting more
severe polyarticular involvement and poorer functional
grade®>>°,

Finally, SLE patients, a prototype of chronic systemic
autoimmune disease, also have a higher incidence of OP
and fractures than the general population, due to the
confluence of several factors such as: prolonged treat-
ment with GCs, use of anticoagulants and immunosup-
pressants, periods of transient amenorrhea suffered by
many patients with SLE in flare-ups, vitamin D defi-
ciency®’ and low physical activity, in addition to the in-
flammatory activity of the disease caused by various
cytokines and pro-inflammatory mediators®e,

CONCLUSIONS

CI]Ds frequently present associated OP, although with
different prevalence and severity depending on the type
of underlying disease. CIJDs include RA, AS and PsA. RA
is the prototypical disease that appears together with
chronic inflammation and OP and, therefore, the only
one included in different fracture risk assessment scales
such as FRAX®. In fact, RA is a disabling disease, fre-
quently associated with localized and generalized OP, in
approximately one third of patients. The incidence of OP
in RA patients depends on multiple factors, such as di-
sease severity, age, prolonged use of corticosteroids, sar-
copenia, and periods of prolonged immobilization. IL-6
is a crucial pro-inflammatory cytokine that plays a rele-
vant role in the pathogenesis of joint inflammation and
RA-associated OP. Treatment with IL-6 neutralizing
agents improves both the joint and systemic symptoms,
as well as the associated OP.

AS and PsA are also chronic inflammatory diseases
that are associated with OP to a lesser extent, at least
in its early stages, and which involved molecular me-
chanisms are less understood. The use of anti-TNF
drugs in these patients have increased BMD and impro-
ved bone remodeling biomarkers, although their effect
on fractures is more doubtful, so longitudinal clinical
studies are needed to corroborate these incipient fin-
dings.
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In all patients with a diagnosis of CIDs, especially RA,
BMD and the risk of fractures should be early assessed,

in order to start preventive treatment, at least consisting

of calcium and vitamin D supplements and/or to admi-
nister a basic anti-osteoporotic treatment to try to pre-
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Unusual case of bone proliferation: Nora's

lesion
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We present the case of a 43-year-old man who presents
pain and functional impotence in the left wrist of one year
of evolution. Upon examination, an indurated tumor ad-
hered to deep planes is found in this location. Following
findings on computerized axial tomography (CT) of ima-
ges consistent with osteochondroma versus peripheral
chondrosarcoma (Figure 1), a bone scan was requested.
This bone scintigraphic study in three phases of the upper
limbs and a subsequent full-body image (Figure 2), sho-
wed the early arrival of the tracer with an increase in the
vascular pool of slight-moderate intensity in the distal
portion of the left radius (arrow), which persisted with
greater intensity in late images. No other diseased fin-
dings were observed in the rest of the skeleton. These fin-

Figure 1. 3D reconstruction of the left wrist using CT
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dings revealed increased vascularity and osteoblastic ac-
tivity at the distal end of the left radius.

A biopsy was carry out, with a pathological result of os-
teochondromatous proliferation compatible with Nora’s
lesion, confirming this diagnosis after surgical resection.
Nora's lesion occurs predominantly in the second or third
decade of life'?, without gender differences?, mainly affec-
ting the extremities. Of uncertain etiology*®, it consists of
an excretory and exophytic lesion that originates in the
bone cortex, formed by bone, cartilaginous and fibrous tis-
sue, with nuclear atypia®’. Bone scan allows us to know the
metabolic characteristics of this lesion. Given its aggressive
nature, a differential diagnosis should be made with ma-
lignant lesions such as osteosarcomaé®.
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Figure 2. Tc99m-diphosphonates three-phase upper limb and late full-body bone scan
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Summary

Objetive: Define the profile of the candidate and non-candidate osteoporosis patient for assistance in osteoporosis
teleconsultation, in the post-COVID-19 era. Proposal of a management protocol for outpatient follow-up.

Methods: We have carried out a bibliographic review through a systematic search in the Pubmed.gov databases of the
available evidence of articles in English and Spanish with an inclusion date until October 2020, following the recom-
mendations of the GRADE system (Grading of Recommendations, Assessment, Development and Evaluation). Database
is aimed at locating and accessing relevant information for this review in an updated way.

Results: The profile of the patient candidate for teleconsultation would be of those who present a history of osteoporosis,
previously diagnosed, with treatment and requiring follow-up. COVID-19 has occurred in a context in which the main
causes of mortality are chronic diseases and the need to protect against transmission.

Conclusions: We propose a consensus for managing this patient, with differentiated sections for the different stages of
the telematic care process. This will help in clinical decision-making and also in the process of follow-up and therapeutic

adherence and, therefore, in optimal use of healthcare resources.

Key words: osteoporosis, telemedicine, COVID-19, outpatient care.

INTRODUCTION

Osteoporotic fractures represent a growing public health
problem worldwide. At present, we lack adequate proce-
dures for prevention, diagnosis, assessment, intervention
and patient follow-up.

New technologies have provided new communication
tools and have changed our mentality, with the possibi-
lity of carrying out, virtually, actions or procedures in
our daily lives that until now required our physical pre-
sence, either for technical, cultural or social reasons’.

The COVID-19 pandemic, caused by the SARS-COV-2
virus, has triggered a global public health emergency
with rapid evolution and tragic consequences. The fight
against this disease is forcing to modify the forms of
care, which includes transforming some face-to-face
consultations into remote ones?.

»

Prior to the COVID-19 pandemic, telemedicine, in its
different forms, was used in exceptional situations. One
of the first uses was the tele-nursing practice that emer-
ged in the UK and Canada at a primary care level.

During the alarm or lock-down period and the ensuing
care crisis caused by the pandemic, which began in March
2020, we have been forced to carry out inquiries electro-
nically. Osteoporosis, as a chronic disease, is a healthcare
challenge in this new situation in our consultations, which
we should take advantage of to assess its benefits and be
able to overcome its barriers. For this reason, the defini-
tion of a clinical profile of the patient and the creation of
a care circuit are absolutely necessary to ensure the co-
rrect care of these patients. However, today, the informa-
tion available on the possible benefits or safety of this
type of telematic care is quite limited?.
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The objective of our proposal is to develop a protocol for
the management of the patient in telematic follow-up,
where it is essential to promote coordinated action between
the different levels of care, Primary Care, Social Healthcare
and Hospital, with the participation of doctors from the va-
rious specialties involved, as well as Nursing and Commu-
nity Pharmacy, which facilitate detection, assessment and
treatment, ensuring good adherence.

PROFILE OF THE PATIENT WITH OSTEOPOROSIS WHO ATTENDS
OUTPATIENT CONSULTATIONS FOR VARIOUS MEDICAL SPECIALTIES

The profile of the patient with osteoporosis is diverse and
various specialties converge in their care, developing their
activity at all levels of care (rheumatologists, internists, fa-
mily doctors, gynecologists, trauma specialists, geriatri-
cians, physical therapists), different specialties for the same
patient with osteoporosis. What varies is the reason for
consultation, the vital moment and the location of the pa-
tient. Medical societies have collected the characteristics of
patients with osteoporosis, making it possible to establish
the characteristic profile in each specialty. The RETOSS
(Rheumatology and Osteoporosis) study, promoted by the
Spanish Society of Rheumatology (SER), analyzed the pro-
file of patients with postmenopausal osteoporosis in the
rheumatology consultation. These were patients with low
calcium intake, a family history of fracture, a previous his-
tory of fractures, insufficient calcidiol levels, and aged over
70 years, in addition to a high incidence of back pain.

Most were referred from Primary Care (63%), Gyneco-
logy (13.8%) or Trauma (10%)*.

The OSTEOMED (Osteoporosis in Internal Medicine) re-
gistry, promoted by the Osteoporosis Working Group (GTO)
and under the aegis of the Spanish Society of Internal Medi-
cine (SEMI), showed that the main reasons for consultation
in Internal Medicine services were confirmed vertebral frac-
tures (17.2%), non-vertebral fractures (9.1%), back pain or
kyphosis (9.8%), musculoskeletal pain (11.4%), and suspec-
ted secondary osteoporosis (7.2 %). Overall, it was a seden-
tary patient profile (36%), with low sun exposure (23%). An
active search for patients receiving corticosteroids was re-
commended, and in this the Internal Medicine and Primary
Care consultations play an important role. The patients were
referred from Primary Care, other hospital services and
other consultations of the Internal Medicine service itself°.

From the geriatrics perspective, the National Registry
of Hip Fractures (NRHP) collects hip fracture patients
older than 75 years admitted in 2017 in 54 hospitals in
Spain. It is the Spanish prospective study of a patient
with a higher mean age, mainly women, and with a high
percentage of previous cognitive impairment, mostly wi-
thout prior treatment for osteoporosis. Differences are
evident between autonomous communities, such as ac-
cess to functional rehabilitation units, the probability of
returning home or secondary prevention of fractures®.

In an attempt to unify criteria for diagnosis, treatment
and referral to the different specialists that converge
around the patient with osteoporosis, the scientific socie-
ties of specialties involved in the treatment of osteoporo-
sis presented a consensus document in 2017, establishing
three well-differentiated profiles with postmenopausal
osteoporosis (PMO)".

A. Osteoporosis patient without fracture

The consensus agrees that in patients without risk of
fracture, follow-up should be carried out by Primary
Care or Rheumatology. In case of high risk of fracture,

Rev Osteoporos Metab Miner. 2021;13(1):41-46

the follow-up by Rheumatology would be prioritized. Pa-
tients with early surgical or symptomatic menopause
are subject to Gynecology care. In case of associated
thyroid disease, she would be treated by Endocrinology.

Those patients with osteoporosis where a significant
loss of bone mineral density is observed, despite correct
pharmacological treatment, would require rheumato-
logy care.

In all patients whose musculoskeletal condition also
conditions pain or functional loss, an assessment and
subsequent follow-up by Rehabilitation would be re-
commended.

As complementary examinations, bone densitometry
(dual radiological absorptiometry -DXA-) and lumbar
spine radiography are recommended every 2 years. The
consultation should also serve to underline adherence
to treatment.

B. Patient with osteoporosis with vertebral fracture
In acute vertebral fracture, especially involving the pos-
terior wall, it is the Traumatology Service that must assess
the surgical option, which must be accompanied by a me-
dical evaluation by Rheumatology, Internal Medicine or
Geriatrics according to age and comorbidities®.

The importance of having an FLS (Fracture Liaison Ser-
vice), or a Bone Metabolism Unit, as a device that should
assume responsibility for such fractures is highlighted®.

At the follow-up level after the acute moment, follow-
up by rheumatology and rehabilitation or geriatrics is
recommended in case of advanced age or functional or
cognitive deficit. At the level of outpatient follow-up, pri-
mary care is recommended, provided there are specifi-
cally trained professionals.

Figure 1. Medical care circuits for patients diagnosed
with postmenopausal osteoporosis (PMO) according to
the patient's profile. Adaptado de Blanch et al.”
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Table 1. Advantages and disadvantages of telematic consultation516

Advantages

Results similar to those obtained in the face-to-face visit are
achieved

Provides a more efficient management for the professional

Saves patient time, as it avoids travel and waiting time

It can be useful to solve problems and to solve doubts about
medication, administrative tasks, monitoring of chronic
patients

It contributes to reducing face-to-face visits and facilitating
more time per person for care

C. Osteoporosis patient with non-vertebral fracture
These fractures correspond mainly to hip and distal ra-
dius fractures. The acute phase care corresponds to
Traumatology, but the care by interdisciplinary teams
integrated in an FLS or orthogeriatric unit have shown
improvements in both complications and mortality, as
well as functional improvement at discharge. They also
improve coordination with primary care and secondary
prevention of new fractures?®.

To sum up, regardless of the referring specialty, the
recommendation is:

o Attention to the fracture by multidisciplinary units.

To highlight the role of the FLS.

e Coordination between levels of care, especially

highlighting the role of Primary Care in secondary

prevention.

e Establish standardized evaluation and follow-up

measures (risk of fracture, pain, functional capacity,

quality of life).

ImpacT oF COVID-19 INFECTION FOR OSTEOPOROSIS OUT-
PATIENT CLINICS

During the period of the recent health crisis, telemedi-
cine has been the main contact tool for patients of hos-
pitals and outpatient clinics. Previously, its use had been
rather sporadic!™.

One of the most affected hospital environments has
been outpatient facilities, both due to the limitation of
face-to-face visits by patients and the availability of doc-
tors given the great overload in hospital wards.

Furthermore, patients have limited or reduced atten-
dance at face-to-face consultations for fear of being infec-
ted, which may lead to follow-up problems, cancellation
of diagnostic tests or delay in requesting initial specialist
visits!213,

According to the Catalan Health Service data, in Ca-
talan hospitals over the second quarter of 2020, initial
visits of any specialty decreased by 50% compared to
the same quarter of the previous year without recove-
ring in the third quarter (70% of those made in 2019),
the majority being by telemedicine. Before the health
crisis, 13,500 face-to-face visits, 14,500 telephone visits
and about 1,000 telematic consultations were attended
daily in Primary Care centers; now face-to-face visits are
around 18,000 a day, telephone visits around 86,000 and
telematic consultations around 17,0004,

Disadvantages

Demands a series of technological skills

Not all households have the structure, technology and skills
necessary to carry out these consultations

Older people with sensory limitations (visual, hearing),
cognitive impairment

Difficulty correct identification of the patient

Loss of non-verbal communication

TeLemEDICINE IN THE COVID-19 ERA

Digital tools offer important opportunities to reshape
current healthcare systems, and are not incompatible
with face-to-face visits throughout the doctor-patient re-
lationship. There will be times when the face-to-face
consultation makes more sense (first visits) and at other
times it will be more convenient to use telemedicine (fo-
llow-up).

There are different formats of telematic consultation:

e By telephone. Through a phone call from the doctor

to the patient.

e Video call. It consists of calling the patient through

a device that allows the patient and the doctor to see

each other, which facilitates both identification and

non-verbal communication.

e Electronic consultation or e-consultation. Telematic

contact between professionals and with the patient

that would allow resolution of doubts.

Telematic consultation has advantages and disadvan-
tages (Table 1)'>¢, The Catalan Health Service has pu-
blished a document affirming that telematic care may be
more useful in the follow-up visits of stable chronic pa-
tients who are well aware of their condition and do not
require a physical examination'’.

There is scientific evidence regarding telemedicine use
in the field of osteoporosis'®. Some telemedicine experien-
ces have been carried out in countries with great distan-
ces between populations such as Australia and Canada,
where the geography and distribution of health workers
require a remote approach to the ambulatory care of he-
alth problems in the population®®. A recent study from a
Canadian osteoporosis telemedicine program found that
participating patients perceived a number of benefits
such as high-quality care, valued the experience and cre-
dibility of the treating physician, but also posed some
drawbacks such as coordination of their care with the re-
sults of the complementary examinations carried out and,
sometimes, the sub-optimal follow-up of other health pro-
fessionals, such as physiotherapists?.

In the United Kingdom, telephone consultations are
promoted in the clinical guidelines for follow-up consul-
tations in the Fracture Liasion Service (FLS) with the aim
of promoting adherence to osteoporosis treatment?.

The great challenge for the future is in the transition
to the post-pandemic phase, since the key transformation
of telemedicine is to change from a crisis mode (where
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Table 2. Inclusion criteria

e Confirmed diagnosis of osteoporosis (bone
densitometry vs. previous fragility fracture)

© No hearing, cognitive or visual impairment problems
® Present minimal knowledge of health condition

e No comorbidities that prevent the development
of telecare

o Acceptance of healthcare technology by patient
o Sufficient Internet access vs. telephone coverage

e No economic cost for the patient

the use of provisional or unapproved technologies has
been allowed) to a sustainable mode where it is neces-
sary for the different health centers to invest in systems
that guarantee the safe transfer of data, the encryption
of emails, guaranteeing patient privacy along with long-
term technical support?223,

Directive 2011/24/EU on the rights of patients in re-
mote cross-border healthcare using telemedicine, des-
cribes them. Although future challenges must be posed
in interoperability and compliance with the General
Data Protection Regulation (GDPR).

PROFILE OF THE SUSCEPTIBLE PATIENT REGARDING TELEMEDICINE
CARE

The profile of the patient with osteoporosis who comes
to our consultations is getting older, with more associa-
ted chronic diseases and, probably, with a greater limi-
tation for face-to-face access to follow-up medical
consultations.

There are different formats of telematic consultation
such as telephone consultation, video call, specific tele-
matic platforms. The success of this communication lies
in choosing, in a personalized way, the proposal that best
suits each patient?*. Thus, prior to the consultation, the
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person’s functional and cognitive situation, their cultural
level, socio-family environment and the presence of sen-
sory or compression deficits that would favor the pre-
sence of a relative during the consultation should be
assessed.

An important aspect is the role of nursing in telematic
consultation. As in the FLS model®?, it would be to esta-
blish initial contact with the patient who meets the in-
clusion criteria (Table 2) into inform them that the
planned medical consultation will be telematic (specif-
ying date and time), and preparing the patient in rela-
tion to relevant information for this visit (Table 3)*3.

Subsequently, the osteoporosis specialist will carry
out the telematic consultation in the available format,
preferably following a template that allows structuring
the visit in anamnesis, assessment of complementary
tests carried out, summary of the case and decision-ma-
king in relation to the diagnosis and/or therapeutic plan.

All this should be recorded in the clinical history, to
facilitate continuity of care. Finally, the administrative
staff will manage, within the healthcare circuit, the com-
plementary tests that proceed, and will schedule a new
follow-up visit, if necessary.

CONCLUSIONS

Osteoporosis is a very prevalent chronic disease with
great social and health repercussions that requires pro-
longed treatment over time, an aspect that sometimes
complicates adherence to it.

This situation requires us to actively redesign the cu-
rrent healthcare of our patients to ensure a correct identi-
fication, assessment and monitoring in a safe and effective
way. Knowing the clinical profile of patients referred to an
osteoporosis consultation will help to improve the mana-
gement of this disease.

COVID-19 has occurred in a context in which the main
causes of mortality are chronic diseases, and where
there are social inequalities, and this also has to do with
the expansion of the pandemic. For all these reasons, the
long-term care approach that should be used should
make it easier for people to protect themselves against

Table 3. Structural proposal to carry out telematic consultations. Adapted from Barrios V et al.13

Steps Who
1. Initial Personal
contact with administrative/case
the patient management

Responsibility

Patient location (write down valid contact number
Preparation of the patient (annotated treatments, helping family member
if necessary, recent taking of constants, weight, analytical if applicable)

Patient notes. Establishment of appointment (day, time)

2. Consultation OP specialist

Use of template (recommended)

Evolution:emergency services or hospitalizations, other consultations

Continuity of care: recommendations for primary care

Healthcare circuit: request for tests or new consultation if applicable

medical Case summary
telematics
Current treatment
Anamnesis
Analytical or other test results
Timely therapeutic changes
Therapeutic plan and circuit
Document in medical history
3. Flow of Personal
the patient administrative/case Current query record

management
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transmission. Important changes have been caused in
the form of attention in our consultations, some of them
will surely be reversed with the passage of time; Others,
such as the increase in non-contact visits at the expense
of face-to-face visits, are presumably to last once the
pandemic is over.

The need to limit access to hospitals and infections
has imposed telemedicine, but it is here to stay. There
are many advantages that it can offer to professionals
and users, becoming a key assistance tool. Faced with
this scenario, it is imperative to move towards a more
secure and protocolized telematic attention. This care
must be carried out in a structured way to be cost-effec-
tive. For this, we will previously review the clinical and

functional situation in which the patient is located and
thus be able to correctly plan said assistance, indicating
its need and suitability.

A posteriori, its articulation will be based on a series
of guidelines divided into three major steps: the initial
contact with the patient, the telematic medical consul-
tation as such and the care flow of the process. The pri-
vacy of clinical data is ensured.

It is essential that health authorities make use of scien-
tific knowledge to act in the complex and difficult situa-
tion we currently face, to maintain outpatient care for our
patients with osteoporosis, prioritizing the evaluation of
their results on the health of patients, as well as their im-
pact on health systems in the short and long term.
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