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Abstract

A bone biopsy is still considered the gold standard for diagnosis of renal osteodystrophy. It allows to measure both static
and dynamic parameters of bone remodeling and is the only method able to evaluate mineralization and allows analysis of
both cortical and trabecular bone. Although bone volume can be measured indirectly by dual-energy X-ray absorptiometry,
mineralization defects, bone metal deposits, cellular number/activity, and even turnover abnormalities are difficult to deter-
mine by techniques other than qualitative bone histomorphometry. In this review, we evaluate the role of bone biopsy in the

clinical practice.
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Introduction

Chronic kidney disease (CKD) has systemic complications,
including the development of bone disorders, also known
as renal osteodystrophy (ROD). ROD is a component of the
mineral and bone disturbances related to CKD, the CKD-
mineral and bone disorders (CKD-MBD) syndrome [1]. This
syndrome is almost universal in stage 5 CKD patients and
has important consequences, such as high mortality, cardio-
vascular disease, and fractures [2].

In 2006, a group of experts implemented a definition
of the CKD-MBD, under the umbrella of Kidney Disease
Improving Global Outcomes (KDIGO). For the first time,
a broader concept was accepted, including (1) mineral and
endocrine abnormalities of calcium, phosphorous, parathy-
roid hormone (PTH), or vitamin D metabolism; (2) abnor-
malities of bone related to turnover, mineralization, volume,
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linear growth, or strength; and (3) extra-skeletal calcifica-
tions [1]. These three components of CKD-MBD syndrome
interact with one another, and bone disease maintained a
central role in the definition as it impacts on extra-osseous
calcifications and on continued laboratory abnormalities.

Treating ROD is of utmost importance in halting the
progression of vascular calcifications associated with CKD-
MBD syndrome and reversing its high mortality. Correct
diagnosis of the ROD abnormality is essential for its correct
treatment, as the latter depends on the type of bone disease.
To be absolutely sure of what we are treating, in many situ-
ations, a bone biopsy should be performed, as we don’t have,
at the present time, reliable biomarkers or feasible imaging
methods to access bone quality and/or quantity.

We recognize that, during the last few decades, because
of its relative invasiveness, the study of undecalcified bone
biopsies has decreased abruptly. Today, there are only a
few centers in the world still performing bone biopsies and
performing quantitative bone histomorphometric analysis
to support the treatment of uremic patients. This is in line
with the revised KDIGO guidelines launched in 2017 where
experts put forward their opinion that bone biopsies should
be performed if the diagnosis impacts treatment [3], which
to a certain extent is in contrast to the guidelines published
in 20009 stating that a bone biopsy should be performed in at
least five situations (multiple fractures, unexplained hyper-
calcemia or hypophosphatemia, suspected aluminum toxic-
ity or before osteoporosis treatment) [4].
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Interestingly, in a recent survey conducted among Euro-
pean nephrologists with focus on bone biopsy-based diag-
nosis of ROD, histomorphometric analysis was considered
relevant and useful, in several clinical situations [5]. Unfor-
tunately, the same survey identified many significant difficul-
ties and operational limitations that explain the decline in
the number of bone biopsies performed nowadays, especially
the cost of histopathological analysis (with insufficient reim-
bursement) and the lack of centers with sufficient expertise
[S].

In the present review, we discuss if an invasive diagnosis
in uremic patients, through a non-decalcified bone biopsy
procedure, is still relevant for the diagnosis of mineral and
bone disorders. In addition to evaluating the usefulness of
a bone biopsy in uremic patients, we will also discuss the
most relevant difficulties and limitations frequently ascribed
to this invasive approach.

Bone Biopsy

Bone is composed of two components: inorganic mineral-
ized bone and organic matrix, or osteoid. Both components
are remodeled approximately within a three-month cycle
through the recruitment and activation of osteoblasts and
osteoclasts [6]. Briefly, resorption of bone is a function of
osteoclasts; formation of new bone is a task of osteoblasts,
and osteocytes control both processes. It is a dynamic pro-
cess, controlled by hormones and physical factors. It is
important to note that bone architecture is composed of a
cortical or compact zone and a trabecular or spongy zone.
While mechanical function of the bone is mainly dependent
on cortical bone representing almost 80% of the total human
bone mass [7], metabolic activity mainly takes place within
the trabecular bone compartment.

In CKD, the remodeling process is frequently altered (too
much or too little resorption and formation), and delayed
mineralization and abnormal volume are documented. All
these modifications of the bone phenotype have been asso-
ciated with fractures, bone pain, vascular calcification, or
even death [8].

To have complete information on a patient’s bone health,
we should aim to have histomorphometric evaluation of
both static and dynamic parameters. In order to evaluate
the rate of bone formation and rate of mineral deposition
(dynamic parameters), a label technique is necessary. In our
institutions, tetracycline hydrochloride 500 mg, 12/12 h is
prescribed for 3 days, 1 month, and 1 week or for 2 days
beginning at 14 and 4 days before the bone biopsy and the
biopsy is scheduled in line with this prescription.

In our institution, we give an intravenous analgesic and
diazepam immediately before the biopsy. We obtain the frag-
ment from the anterior iliac crest by manual puncture with

local anesthesia. The procedure is well tolerated, not difficult
to perform for a trained physician, and rarely associated with
major complications. Following collection of the fragment,
it should be fixed in 70% ethanol, followed by dehydration
in 96 and 99.9% ethanol. This takes approximately 15 days
during which the bone fragments, while fixed or dehydrated,
should be sent to the dedicated hospital/laboratory to further
process and the undecalcified bone biopsy should be ana-
lyzed. In fact, any physician can perform a bone biopsy after
adequate training and then send the bone fragment, at room
temperature, in a small hermetic bottle filled with ethanol.

After this initial process, the bone specimens are cleared
with xylene and embedded in methyl methacrylate in the
lab for a variable period of time, until a total solidification
of the plastic is obtained. Serial decalcified 5 pm-thick sec-
tions are obtained and stained according to the protocol
and experience of each laboratory. In our case, we perform
routine staining with Masson—Goldner trichrome, Tolui-
dine Blue, von Kossa, and acid phosphatase (osteoclasts)
by histoenzymology techniques, and, if available, alkaline
phosphatase (osteoblasts) for evaluation of static histomor-
phometric parameters. Additionally Perls (iron staining) and
solochrome azurine (aluminum) staining can be prepared.
Unstained 10 pm sections for fluorescent dynamic analy-
sis are needed. In summary, sample collection and analysis
require at least 4 weeks.

We expect a bone biopsy to provide information on all the
abovementioned parameters: volume, turnover, mineraliza-
tion, architecture, and cortical bone-related aspects, such as
porosity or thickness. A bone biopsy provides highly valua-
ble and in-depth information that is required for the patient’s
treatment. This technique remains the gold standard for ROD
diagnosis since it (a) allows analysis of both cortical and
trabecular bone, (b) gives information on static and dynamic
parameters of bone turnover, and (c) is the only method able
to assess mineralization. Nevertheless, there are limitations,
as it (a) is an invasive procedure; (b) a one-shot vision at a
time-point, (¢) can be impaired by sampling errors; (4) is
restricted by the time needed to complete the technique and
analyze the sample, being a time-consuming process; and (5)
expertise is needed not only in collecting and processing the
bone fragments, but also in measuring the indices that will
lead to an accurate diagnosis.

For years, nephrologists have been looking for markers
or imaging tests as an alternative for the histomorphometric
analysis of bone biopsies. To date, no other available tech-
nique provides the most relevant information for the man-
agement of CKD-MBD. We will discuss below the clinical
conditions under which a bone biopsy provides a unique
contribution and added value to diagnosis and treatment of
CKD patients.
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TMV Classification

The TMV classification (Turnover, Mineralization, Volume)
described in 2006 [1] aimed to designate the quantity (vol-
ume) and the quality (turnover and mineralization) of the
bone, although we acknowledge that other features of quality
are also important, such as architecture and micro-damage
(Fig. 1). Bone quantity and bone quality are responsible for
bone strength, and bone strength correlates inversely with
fracture risk.

Bone Volume

In CKD patients, bone quantity or volume can be low, nor-
mal, or high. Many patients have abnormalities in volume,
not only as the presence of ROD is a risk factor for volume
reduction in some patients, but also because CKD patients
share many risk factors with non-uremic patients who have
osteoporosis. This was elegantly reviewed elsewhere [9] and
CKD patients with low volume were proposed to have “ure-
mic” osteoporosis [9].

Various imaging tools are available to evaluate bone vol-
ume in CKD patients. Bone density is a measure of mineral-
ized bone mass or quantity and is measured by dual-energy
X-ray absorptiometry (DXA). The relevance of DXA in
the evaluation of bone mass was recognized in the updated
KDIGO 2017 guidelines [10]. In fact, this review recom-
mends bone mineral density (BMD) evaluation by DXA in
patients with CKD G3A to G5D, based on the growing evi-
dence that DXA BMD can predict incident fractures in this
population [11, 12] and also in transplanted patients [13].

Fig.1 TMYV classification
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Although it gives information only on bone volume,
sequential DXA measurement can be useful to evaluate a
trend in the quantity of bone gain or loss (with different
therapies or pathological processes). The limitations of DXA
are known: it does not discriminate between cortical and
trabecular bone; neither does it provide any direct informa-
tion on bone quality, namely, microarchitecture and micro-
damage, fibrosis, or collagen organization [14]. However,
microarchitecture of cortical and trabecular bone could be
quantified in bone biopsies using quantitative computerized
tomography (QCT) [15, 16]. DXA is also unable to deter-
mine bone turnover and, at most, it can indirectly provide
information on the long-term effect of a low or high bone
turnover on the bone quantity [17]. DXA is also unable to
evaluate bone mineralization defects, which is a major limi-
tation. For instance, a patient with severe osteomalacia can
present a DXA bone density result similar to someone with-
out impaired mineralization [18].

In addition to DXA, new non-invasive imaging diagnosis
tools have become available. These include high-resolution
peripheral quantitative computerized tomography (HR-
pQCT) [19] and magnetic resonance imaging (MRI) [20]
which allow separate measurement of cortical and trabecu-
lar volumetric BMD and geometry. The most reported is
HR-pQCT, which is able to evaluate and quantify cortical
and trabecular geometry, microarchitecture, and strength.
Despite its very high image resolution capacity, it does not
allow evaluation of bone turnover and bone mineralization;
it is expensive and used predominantly for research purposes
or in very small populations. Moreover, it does not add infor-
mation for fracture prediction, when compared to DXA [21].

Turnover

Mineralization
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Another innovative tool for predicting risk of fractures is
the Trabecular Bone Score (TBS), a software-based tool that
draws trabecular bone based on the DXA images. According
to this software, the higher the TBS, the more compact the
bone is [22]. Despite these new techniques, DXA remains
the standard method for predicting fracture risk, although
TBS seems to help predict non-vertebral fractures in dialysis
patients [23].

In summary, we can assess bone volume using imaging
tools. In our clinical practice, only DXA is widely avail-
able, but has many limitations. As stressed before, uremic
patients experience fractures at 4 times higher incidence
than the general population [24, 25], and fracture risk is
even greater in kidney transplant patients [26, 27]. So, bone
fragility in CKD patients is not restricted to bone volume.
Consequently, none of these imaging methods give us infor-
mation on turnover or mineralization, and so, neither one can
be used individually to evaluate bone health in CKD.

In addition to all the other relevant information, histomor-
phometric bone biopsy analysis also allows to quantity the
volume of bone in the fragment, and allows relating volume
to turnover and mineralization in the same sample. We can
provide information in a qualitative way, without calcula-
tions (primary parameters), or we can use semiautomatic
techniques that will calculate the bone volume/total volume
(BV/TV) (secondary parameters). These semiautomatic
measure methods of analysis are able to easily quantify tra-
becular and cortical bone volume separately from each other.
Low cortical bone volume is particularly relevant as a risk
for bone fracture, in this population.

Bone Turnover

In CKD, bone turnover can either be low, normal, or high,
and the extremes have been associated with extra-osseous
calcifications and high mortality. These abnormal remod-
eling deviations are also responsible for changes in bone
volume [9, 28]. Thus, in addition to fractures, it has been
postulated that excess bone resorption on the one hand or
low bone remodeling on the other hand are associated with
vascular calcifications, which is thought to result from an
increased efflux of calcium/phosphate from bone in the
former case versus an impaired calcium apatite incorpora-
tion into the bone in the latter case, both of which result in
increased deposition of the mineral content from skeletal
system in the vessel wall [29].

How to determine bone turnover without performing a
bone biopsy? The recently identified new players that partic-
ipate in bone mineral metabolism in CKD patients, including
sclerostin, klotho, and fibroblast growth factor 23 (FGF23)
could help nephrologists in predicting skeletal activity [30].
On the one hand, there will be high levels of FGF23, low
levels of vitamin D, and high levels of PTH, transforming

the remodeling process in a high turnover bone disease. On
the other hand, aside from the FGF23, RANK/RANKL/
Osteoprotegerin system, also the sclerostin and Wingless-
related integration site (Wnt)/beta-catenin system will be
active and participate in a low bone turnover disease, along
with the other known risk factors for low turnover, such as
vigorous treatment of secondary hyperparathyroidism, dia-
betes, age, and the use of high-flux dialysis’ membranes.
Nevertheless, neither of those markers are available in
clinical practice and their diagnostic accuracy still needs
to be assessed. Nephrologists use non-invasive biochemi-
cal markers of bone formation/resorption to support clinical
and therapeutic decisions. PTH and, in some centers, bone-
specific alkaline phosphatase (BALP) are used in clinical
practice to follow-up bone turnover status in uremic patients.
Unfortunately, both lack sufficient sensitivity and specificity,
as shown by Sprague and colleagues [31]. It has been also
shown that whole PTH seems to offer minimal additional
value in comparison with intact PTH, and that BALP alone
was almost as good as when used in combination with intact
PTH [31].

Studies evaluating the role of '®F-NaF PET in accessing
turnover [32] are ongoing, but more analyses are necessary
in uremic patients.

Biochemical markers of bone formation and resorption
transmit a dynamic but blurred video of the bone changes.
Conversely, a bone biopsy, offers a sharp picture of the bone,
at a particular moment. They are not mutually exclusive,
and, in several situations, their information is clearly com-
plementary [17, 18, 33]. Nevertheless, bone biopsy undoubt-
edly is the gold standard for assessing turnover. It remains
the only technique able to quantify the activity of bone for-
mation at the cellular and tissue level.

In the case of high bone turnover, the most typical bone
findings in static histomorphometry are a significant increase
in osteoblast and osteoclast number, which can be accompa-
nied by an increased cancellous bone volume and a decrease
in cortical bone volume in terms of cortical thinning and
increased cortical porosity. The inter-trabecular fibrosis
can be massive if secondary hyperparathyroidism is severe
that can even compromise the bone marrow erythropoiesis.
Usually, bone mineralization is normal, even though osteoid
surface and even volume may be slightly increased, due to
the accelerated bone formation process along with a delay
in bone mineralization. In severe high turnover bone dis-
ease, osteoclast surface and osteoclast number are typically
increased. Using a histochemical method to optimize the
tartrate-resistant acid phosphatase expressed and secreted by
osteoclasts, we can obtain an exuberant expression of these
cells, when they are active, in the bone resorption process
[34]. The complementary use of dynamic parameters makes
the diagnosis of turnover abnormality more accurate.
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At the opposite extreme of bone turnover, we find low
turnover bone disease, with no osteoclasts and few osteoblast
numbers, no osteoid formation, and, in extreme cases, fea-
tures of an acellular bone. This low bone remodeling aspect,
with low dynamic parameters when associated with low vol-
ume, is termed adynamic bone disease.

If we have a semiautomatic technique, the static param-
eters of osteoblast surface/bone surface (OBs/BS), and
osteoclast surface/bone surface (Ocs/BS), osteoid surface/
bone surface are provided, as are the dynamic parameters
of mineral apposition rate (MAR) and the adjusted value,
and bone formation rate (BFR), all important parameters to
quantify bone turnover.

Bone Mineralization

Mineralization can be normal or compromised in CKD.
Mineralization defects might be associated with low vitamin
D, mineral deficiency (e.g., low phosphate levels), acidosis,
and aluminum toxicity. Symptoms are very similar to those
of hyperparathyroidism and no imaging technique or non-
invasive biomarker is capable of ensuring the diagnosis of
delayed mineralization. Recent findings have highlighted the
importance of BALP in this diagnosis [35], as BALP is pro-
duced by osteoblasts and seems to be associated with osteoid
quantity. Nevertheless, the variation of mineral indices such
as calcium or phosphate levels and the high variability and
non-specificity of serum biomarkers are limitations to rule
out mineralization disorders that are crucial for the manage-
ment and the treatment of ROD.

Bone biopsies allow the addressing of the mineralization
defects that can be rapidly observed in severe cases, even
with a qualitative analysis. Semiautomatic techniques can
provide static parameters including osteoid thickness (OTh),
osteoid volume/bone volume (OtV/BV), and dynamic
parameters, as mineralization lag time (MLT).

Osteoporosis

In recent years, the relevance of CKD-associated osteo-
porosis has been growing as a new entity that should be
included in CKD-MBD [9]. In fact, CKD-associated osteo-
porosis seems to have particular physio-pathological bone
derangements and is associated with an increased fracture
risk, morbidity, and mortality [36-38].

The main indication for a bone biopsy in CKD is spon-
taneous or low-energy trauma skeletal fractures, while bio-
chemical markers of bone metabolism are within expected
ranges or unexplained by severe hyperparathyroidism. In
these cases, one expects to find reduced bone volume, bone
turnover, or failure of mineralization. Any type of low or
high bone turnover can be found in the presence of fracture.

@ Springer

Hence no prospective study evaluated the prevalence of frac-
tures as a function of the type of ROD and bone quality, or at
the moment of the fracture occurrence. Two cross-sectional
studies showed that dialysis patients with low bone turnover
disease or osteomalacia had a higher annual rate of skeletal
fractures compared to those with high bone turnover [39,
40]. A longitudinal study also reported a higher rate of frac-
ture in patients with hyperparathyroidism in a small group
of dialysis patients followed for 5 years [41].

In addition to fractures, bone pain and skeletal deformi-
ties observed at the pelvis or metaphyseal bones are signs
of osteomalacia in conjunction with high spots in a bone
scanning. Additionally, a patient’s significant exposure to
aluminum in the past should prompt the measurement of alu-
minum levels before parathyroidectomy. Low turnover bone
disease with aluminum deposition may be precipitated after
the parathyroidectomy if there is aluminum overload above
25% of the bone surface [42, 43]. Therefore, the presence of
aluminum deposits in bone surfaces confirms the diagnosis
of aluminum overload and/or mixed uremic osteodystrophy
and is one of the best indications of bone biopsy.

The main issue is that fractures might be observed in low
or normal bone mineral density and might be related to low
bone turnover, whether osteomalacia or osteoporosis, as well
as with secondary hyperparathyroidism. It is therefore cru-
cial to determine the type of CKD-MBD and in particular to
rule out a mineralization defect that will need specific man-
agement and to avoid the use of anti-osteoporotic treatment.
This prompted the KDIGO to recommend a bone biopsy
before the treatment is started in CKD patients with osteo-
porosis in 2006 [1]. Nevertheless, this recommendation was
substituted in 2017 by other less restrictive, which includes
a consideration of a bone biopsy [10]. However, without a
bone biopsy, the physician cannot rule out a mineralization
defect, in which a treatment directed for osteoporosis will
not solve the problem.

The presence of severe secondary hyperparathyroidism
or clinical or biochemical signs of osteomalacia will require
specific treatment of the cause. Thus, anti-osteoporotic drugs
will be considered in the case of osteoporosis, with low bone
turnover or with PTH levels within the 2-9 times expected
normal range. Available therapies include inhibitors of
bone resorption such as bisphosphonates or Denosumab
while Teriparatide or Romosozumab, the newly approved
biotherapy, represents anabolic agents.

Osteoporosis in maintained or high bone resorption
is better treated with the inhibitors of bone resorption.
Noteworthy, bisphosphonates are associated to a modest
increased risk of CKD progression in the general popula-
tion [44], without increased mortality in CKD stages 3—4
[45]. Because bisphosphonates are cleared by the kidney,
these agents accumulate and are stored in bone tissues and
therefore bisphosphonates might promote or precipitate
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mineralization defects and osteomalacia [46]. Hence, it is
crucial to ensure the absence of mineralization disorders that
could be aggravated.

These effects on mineralization should not be observed
with Denosumab, although there is no histological study
available. The FDA and EMA approved Denosumab for the
treatment of osteoporosis, drug-induced bone loss, bone
metastases, multiple myeloma and giant cell tumor of the
bone. Denosumab inhibits RANKL, inhibits osteoclast
differentiation and function, and thereby decreases bone
resorption. Denosumab is mainly metabolized by the liver,
is not excreted by the kidney, and does not appear to accu-
mulate in renal failure. Post hoc analysis of the Freedom
trial revealed that Denosumab is safe in osteoporotic women
with CKD stage 2 and 3 and does not promote CKD pro-
gression, although hypocalcemia was reported in 3-6% of
the patients [47]. In an open-label study carried out in 12
dialysis patients with severe secondary hyperparathyroidism
who were treated during 6 months, bone mineral density
increased by 23% at the femoral neck and by 17% at the
lumbar spine [48].

More recently, a 12-month study with Denosumab has
reported a higher increase in bone mineral density than
Alendronate without changes in serum calcium and PTH
[49]. Together, these studies show no evidence on the induc-
tion of mineralization compromise. However, the design of
short-term treatment and the absence of follow-up do not
rule out eventual long-term side effects in much more severe
CKD patients.

In low bone turnover diseases, further inhibition of bone
resorption with bisphosphonates or Denosumab will prob-
ably not improve the bone volume. Osteoanabolic agents are
the most suitable approach for increasing bone volume and
stimulating bone formation. This includes Teriparatide and
the new approved Romososumab. Teriparatide and Abalo-
paratide are the two agents that activate the PTH pathway
and are currently used for the management of osteoporosis.

Hyperparathyroidism in CKD leads to increased corti-
cal porosity and to decreased cortical thickness, but with
an increased trabecular volume in relation to cortical tra-
becularization. The effect of additional exogenous PTH in
CKD patients is unknown. The half-life of Teriparatide is
significantly prolonged in CKD stage 4 compared to CKD
stage 2 or 3, but there is no accumulation in bone and Teri-
paratide is no longer detectable after 24 h [50]. Few trials
have been performed to assess the effect of Teriparatide on
CKD patients. A 6-month study in seven patients with low
PTH showed an increase in spinal and femoral BMD [51].
Further clinical trial using Teriparatide should provide more
insight about the efficacy and expected outcomes.

The bone biopsy in uremic patients with osteoporo-
sis should be indicated prior to the use of Romosozumab
and would also be of particular value to evaluate its safety

and understand the mechanism of action at the bone level.
Romosozumab is a monoclonal antibody against sclerostin,
an osteocyte-secreted glycoprotein that inhibits osteoblast
function, by blocking Wnt signaling pathways [52]. The ana-
bolic effect of anti-sclerostin drug differs from the response
to recombinant human PTH because, with the former, the
initial increase in bone formation markers is followed by an
increase in markers of bone resorption. In contrast, Romo-
sozumab increased markers of bone formation, sustainably
decreased markers of bone resorption, and significantly
increased bone mineral density at the spine and hip in post-
menopausal osteoporosis for a period of 12 months. Histo-
morphomeric analysis of bone biopsies revealed that Romo-
sozumab promoted the reactivation of osteoblast lining cells
to functional osteoblasts able to synthetize bone matrix [53].
The stimulation of Wnt signaling, which is altered in CKD,
is particularly relevant in adynamic bone disease, a frequent
subtype of ROD. Randomized clinical trials are needed for
testing the efficacy in improving bone mass, reducing risk of
fractures, and evaluating the safety and tolerability of Romo-
sozumab in patients with CKD stage 4 or stage 5.

Caution should be taken because anti-sclerostin biother-
apy could potentially induce, or aggravate, cardiovascular
calcifications. Preliminary study showed no sign of accelera-
tion of vascular or cardiac valve calcification after 3 years of
treatment with Romosozumab in osteoporotic women [54].
However, a more recent study comparing the use of Romo-
sozumab and Alendronate over a 12 months period, revealed
a higher number of serious adverse events to the anti-scle-
rostin group (2.5% vs. 1.9%) [55] and a second study in
osteoporotic men, a higher number of cardiovascular serious
adverse events compared to placebo (4.9% vs. 2.5%) in a
12-month study [56], but this need to be addressed in this
CKD population at high risk of calcification.

Data about sclerostin and its potential role in cardiovas-
cular health in CKD patients is not consensual. Some studies
showed a link between high levels of sclerostin and cardio-
vascular death [57, 58], whereas others a protective role of
the protein [59, 60]. In CKD, sclerostin levels are higher
than normal, and as the glycoprotein is an inhibitor of bone
formation, some authors related its cardio-protective role to
an inhibition of calcification in vessels. Other authors advo-
cate that it can increase the calcification of vessels through
a modification in bone turnover, defending a U-shaped asso-
ciation with mortality.

Bone Metal Deposits
Aluminum
Aluminum has long been used as a potent phosphate-binding

agent. Minimal gastrointestinal absorption of daily therapeu-
tic doses of this bone-seeking element may lead to skeletal
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deposition of the element [61]. In addition, aluminum may
enter the body parenterally during dialysis because of the
use of aluminum-contaminated dialysis fluids [62]. Although
replacement of aluminum-containing phosphate binders by
safer alternatives and the introduction of adequate water
treatment systems have significantly decreased the risk for
accumulation of the element, toxic effects at the bone level
cannot be ruled out in some areas of the globe. Aluminum
accumulation in the bone results in particular forms of
renal osteodystrophy, most notably osteomalacia and ady-
namic bone disease [63]. With the former bone disorder, the
impaired mineralization has been associated with the depo-
sition of aluminum at the osteoid-calcified bone boundary
whereby the element acts as an inhibitor of hydroxyapatite
formation/growth. Definite diagnosis of this type of bone
lesion is made by histological demonstration of stainable
aluminum at the mineralization front and should be consid-
ered in patients at risk of increased exposure [64]. The role
of aluminum in the development of adynamic bone disease
is subtler and is believed to occur via either a direct effect on
osteoblastic activity or indirectly through its inhibitory effect
on PTH secretion/synthesis [65, 66]. Chelation therapy with
desferrioxamine results in improvements of clinical symp-
toms and bone histology [67].

Lanthanum

In the search for safer phosphate binders, lanthanum carbon-
ate was developed two decades ago [68]. Strictly spoken,
lanthanum is not a metal as it belongs to the rare earths.
Given the fact that this element, to a certain extent, shows
some physico-chemical characteristics similar to aluminum,
concerns were initially raised as to whether it might exert
deleterious effects on bone. Compared to aluminum, how-
ever, gastrointestinal absorption is one to two orders of
magnitude less, and even after long-term use, accumulation
of lanthanum in bone is minimal [69]. As demonstrated by
synchrotron-based scanning X-ray micro-fluorescence, lan-
thanum, in contrast to aluminum, is not found at critical sites
of bone mineralization and so far no serious effects on either
bone mineralization and/or osteoblastic activity have been
reported in lanthanum-treated dialysis patients [70-72]. As
of yet, no procedure for histochemical bone biopsy staining
of lanthanum is available. To which extent lanthanum in
humans at the nanomolar levels at which it circulates may
exert a direct isolated effect (i.e., independent of its phos-
phate-lowering effect) on PTH synthesis/secretion through
its calcimimetic effect on the calcium-sensing receptor, as
demonstrated in in vitro studies, needs to be evidenced fur-
ther [73].
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Iron

Iron must be considered a two-faced Janus as both overload
or deficiency have been reported to cause bone disorders.
Until the early nineties of the former century, before eryth-
ropoietin was available and CKD patients were receiving
oral iron and blood transfusions, aluminum overload was
frequently accompanied by iron overload and both ele-
ments often co-localized in bone, which made it difficult
to evaluate bone histologic diagnoses, that might be solely
attributable to iron [74]. Based on histological bone biopsy
examination and both aluminum and iron specific staining,
an association between iron overload and an increased fre-
quency of adynamic bone disease was reported in dialysis
patients [75]. A high frequency of iron bone deposits (61.4%
out of 70 patients) as indicated by a positive Perl’s staining
at the mineralization front, was reported in a Mexican dialy-
sis population in the absence of distinct aluminum overload
which, however, could not be associated with a particular
type of renal osteodystrophy [76]. Evidence has been pre-
sented from both clinical and experimental investigation
that, because of the competition of both iron and aluminum
for binding to transferrin, iron might affect the bone deposi-
tion/toxicity of aluminum [77]. Although in subjects with
normal renal function both iron overload and iron deficiency
have been associated with osteoporotic lesions, no evidence
for such a relationship has been presented in CKD/ESKD
patients [78]. Given the current therapeutic use of iron com-
pounds for both the correction of anemia and for phosphate
control the potential for bone effects should be considered
during histological bone biopsy evaluation.

Magnesium

The role of magnesium in bone mineralization and in the
pathogenesis of renal bone disease is still a matter of debate.
An association between hypermagnesemia and the devel-
opment of osteomalacia and/or renal osteodystrophy was
first hypothesized some decades ago, based on (a) the ele-
ment’s calcimimetic effect on the calcium-sensing receptor
and thus secretion/synthesis of PTH and (b) its ability to
prevent mineralization and/or calcification [79, 80]. A cross-
sectional observational study in which the concentrations of
various trace metals were associated with bone biopsy failed
to demonstrate a linkage with magnesium and any type of
renal osteodystrophy including osteomalacia and adynamic
bone disease [81]. Experimental studies evaluating the
effect of therapeutic doses of magnesium as a phosphate
binder and concomitant prevention of vascular calcification
in CKD did not show any harmful effect on bone turnover
[82]. As magnesium is a well-known essential element for
multiple biological processes in the body, the potential for
hypomagnesemia to exert deleterious effect on bone should



The Role of Bone Biopsy in the Management of CKD-MBD

535

not be overlooked. In this respect it is worth mentioning that
magnesium deficiency is likely to be an issue in osteoporosis
as it is crucial for regulation of osteoblast and osteoclast
function and activity in bone remodeling [82].

Strontium

From a physico-chemical point of view, strontium exerts
strong similarities to calcium. Therefore, its potential to
interact with bone metabolism is reasonably to be expected.
While in patients with intact renal function, strontium as
the ranelate compound is being used as an anti-osteoporotic
agent, it is contra-indicated in patients with a GFR <30 mL/
min. Epidemiological studies indeed revealed that in CKD
patients, in particular those treated by dialysis, strontium
accumulates in the body [83]. Moreover, a bone biopsy-
based study in 100 dialysis patients revealed increased bone
strontium concentrations in patients with osteomalacia [84].
Rhodizonate staining histochemically identifies strontium
in calcified bone, mainly in new-formed bone in close prox-
imity to the mineralization front and surrounding the oste-
oid in animal models [85]. Experimental studies in 5/6th
nephrectomized rats presented evidence for a causal role of
the element in the development of osteomalacia and that the
element may exert different effects on bone, depending on
the dose used [86].

When to Perform a Bone Biopsy

The abovementioned makes it clear that turnover and min-
eralization are accessible through biopsy, and that serum
markers, although important, do not reflect histological
changes and findings in some clinical cases.

Besides other eventual indications for a bone biopsy, it is
the authors’ opinion that the following particular five situa-
tions are in need of a bone biopsy, in both uremic and kidney
transplant patients, as the knowledge of the type of ROD in
these five situations will impact treatment decisions:

Severe and disabling bone pain;

Fragility fractures (more than 2);

Before treatment of osteoporosis;

Before parathyroidectomy;

Fast progression of vascular calcification in a young
patient

whk B

Conclusions

In our clinical practice, we perform kidney biopsies in our
patients to guide treatment in the short and long term. Even
without a semiautomatic method and without measure-
ments, it is useful to have the qualitative evaluation of a bone
biopsy. Normally, we don’t need to count kidney cells in a
kidney biopsy to come to a diagnosis. A similar approach
would, eventually, be justified in many bone biopsies per-
formed in uremic patients (with different degrees of chronic
renal failure, on dialysis or after transplantation), because a
qualitative analysis of the bone is often enough to begin the
treatment of the patient.

Different and sometimes opposing therapeutic options are
available for ROD treatment. Knowing the volume, allied
with the turnover status, is important to decide if the patients
need an osteoclast blocker, or instead a parathyroid supple-
mentation. Also, the exclusion of mineralization abnormali-
ties in case of severe bone pain and fractures is fundamental
for therapeutic orientation. Treatment with new drugs that
have a direct effect on bone cell activity, namely, osteoblasts
and osteoclasts, underline the relevance of a clear picture
of the expression of these cells, at least before beginning
therapy, and this can only be obtained through performing
a bone biopsy.

In a bone biopsy report, TMV quantitative classification
gives the relevant information in a short period of time to
the nephrologist, to support his/her therapeutic decisions.
The nephrologist needs to know, as soon as possible, how
to treat his patient, based on the information of the 3 TMV
vectors: (1) Is the bone turnover low, normal, or high? (2) Is
the mineralization normal or abnormal? and finally, (3) is the
bone volume low, normal, or high? This does not necessary
imply that a full histomorphometry of the biopsy should be
performed and allows the clinician a faster answer [33]. Of
course, a full bone histomorphometric analysis can always
be performed later.

We hope to have convinced the reader that there are still
some indications to perform a bone biopsy to evaluate bone
volume, mineralization, turnover, architecture, and differ-
ences in cortical versus trabecular bone, to anticipate the
fracture risk, optimizing therapy, and minimizing mortality
risk in uremic patents.
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