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Abstract
Background: The neurological condition called ‘numb chin syndrome’, is a mental nerve neuropathy that
is frequently associated with an underlying malignancy or infections. Bisphosphonate (BP) uptake has been
recently identified as a new etiology for the syndrome. The mechanism that lies behind this neuropathy and
the involvement of BPs have not been elucidated, yet. BPs can cause inhibition of endothelial cell proliferation,
migration and adhesion, as well as impairment of capillary tubes formation. In humans, BPs result in
reduction of vascularization in bone metabolic diseases, like Paget’s disease. We hypothesize that BPs, taken
per os, are capable of producing degenerative changes to the inferior alveolar nerve that may cause a mental
nerve neuropathy.
Methods: In order to support our hypothesis we conducted an animal study, with Wistar rats, that was
approved by the Bioethics Committee of our Institution. The animals were randomly allocated into two
groups: Group A, the experimental group that consisted of 3 animals that were given Alendronate per os and
Group B, the control group that also consisted of 3 animals, which were given normal saline. The duration
was 13 weeks. The samples were observed under a Transmission Electron Microscope.
Results: Degenerative changes were defined as: vacuolization of the myelin sheath, detachment of the axon,
local thickening and/or disruption of the myelin sheath. Local myelin thickening and detachment of the axon
was found in both groups. Myelin sheath disruption was only seen in the control group whereas vacuolization
of the myelin sheath was more profound in the experimental group. Interestingly, myelin sheath thickness was
reduced in the experimental group.
Conclusions: Possible pathophysiological mechanisms causatively related to the histological alterations are:
1. alterations to the blood vessels of the nerve, 2. toxicity effects on Schwann and neuronal cells, or 3. changes
to the innate or acquired immunity. The last may, probably, result from the presence of microbial films that
cause cytokine production. The hypothesis provides scientific evidence for the presence of degenerative
changes after BPs administration and helps in understanding of possible pathophysiological mechanisms.
Keywords: Alendronate, bisphosphonates, ‘numb chin syndrome’, inferior alveolar nerve (IAN)

Introduction

Bisphosphonate-related osteonecrosis of the jaws (BRONJ) is
a category within the broader term of medication-related osteonecrosis of the jaws (MRONJ), a term that has been used in
the report of the American Association of Oral and Maxillofacial
Surgery (AAOMS) in 2014 [1]. It is defined by [2]:
1. A present or past history of BPs administration
2. The presence of bone exposure for more than 8 weeks

3. The absence of a radiation history.
It is accepted that MRONJ can occur without exposure of bone;
such cases represent up to 1/3 of the MRONJ [3].
The ‘numb chin’ is a neurological condition that affects the
inferior alveolar nerve and the mental nerve and was reported
for the first time by Charles Bell in 1829, as a manifestation of
metastatic breast disease [4]. The term was used for the first
time by Calverley and Mohnac in 1963 [5]. It describes a mental

© 2015 Dietrich et al; licensee Herbert Publications Ltd. This is an Open Access article distributed under the terms of Creative Commons Attribution License
(http://creativecommons.org/licenses/by/3.0). This permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Dietrich et al. Journal of Histology & Histopathology 2015,
http://www.hoajonline.com/journals/pdf/2055-091X-2-24.pdf

nerve neuropathy, with focal sensory loss and paresthesiaof
the lower lip (mostly at one side) and the chin. In about 50%
of the cases a metastasis in the mandible is causatively related
to the neuropathy. In adults, it mostly occurs in conjunction
with breast cancer (64%) and lymphomas (14%) and in children with acute lymphoblastic leukemia [6].
Other etiologies are neurological disorders, trauma, diabetes, sickle cell anemia [7]. Mechanical pressure exerted on the
nerve as well as other, yet unidentified mechanisms, seem to
play an important role.
In cancer patients, the presence of a numb chin, is an indicator of a poor prognosis because it is related to less than
1 year survival [8]. The mechanism for the generation of the
numb chin syndrome in metastatic disease has not been
identified, yet. Tumor infiltration is not a prerequisite for the
syndrome [8]. Probably, it is a paraneoplastic phenomenon
that accompanies cancer. However, no specific onconeural
antibodies have been identified. Additionally, there is no
scientific explanation for the occurrence of a mental nerve
neuropathy mostly in breast cancer patients. It can be hypothesized that,a special mechanism that favors nerve-cell
interactions is causatively related to the condition. This was
shown for pancreatic carcinoma cells, in which a paracrine
mechanism of cell-nerve communicationhas been recognized
that involves TGF-alpha and EGFR interactionsand that could
explain perineural spread in pancreatic adenocarcinomas [9].
However, this cannot explain the cases in which a mental nerve
neuropathy exists without nerve infiltration. Neurogenesis has
been recently reported to be important in breast cancerand
could probably provide evidence of a possible neurophilic
behaviour of breast cancer cells [10].
Numb chin syndrome related to BP use has been rarely
reported in the literature and only in the form of case reports.
The reason for the susceptibility of the IAN to BPs is still unclear. Whether the increased bone turnover in the mandibular
bone, that is a plausible explanation for the susceptibility
to BP-related osteonecrosis, is causatively related to IAN
degeneration, or other factors, such as the mechanical stress
exerted on the mandible during chewing, or alterations to the
vessels of the mandibular neurovascular bundle or of those
supplying the mandible [11,12], that could probably alter the
accumulation of BPs in the micro-environment of the nerve,
or even inflammatory processes remains to be elucidated.
Studies that involve the sciatic nerve in rats treated with BPs
are conducted from our research group.
In the reported cases of ’’numb chin syndrome’’ there is
mostly an osteolytic lesion in the mandible relatedto the
neurological symptoms [13].The necessity of an osteolytic
lesion for the generation of a mental nerve neuropathy was
not elucidated, yet. It was not the aim of our investigation to
show possible changes in the mandible after treatment with
BPs. It would be interesting to investigate whether the presence of an osteolytic lesion is necessary for the generation
of the neuropathy. If not, mental nerve neuropathy could be
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an early indicator of BRONJ, even before the generation of an
osteolytic lesion on the Orthopantomogram. The present study
aims to show possible ultrastructural changes of the IAN due
to the administration of BPs that may support some of the
theories raised regarding the pathophysiological mechanism.

Background
Bisphosphonates: classification of BRONJ, general issues

BPs are drugs mainly implicated in the treatment of osteoporosis, metastatic disease with osteolytic bone metastases
like in prostate or breast cancer, hypercalcemia and of hyperparathyroidism cases prior to parathyroidectomy [14,15].
The exact incidence of osteonecrosis of the jaws related
to BP-therapy varies with regard to the underlying disease,
the duration of treatment, the type of BP administered and
the route of administration. Review articles reported on an
incidence of BRONJ that ranged from 0 to 27.5% [3]. The discrepancy in the results is probably related to study design, the
retrospective nature, the number of patients involved, the clinical and radiographic criteria and the general inclusion criteria.
There are two categories of BPs: early-generation BPs (like
etidronate) that lack a nitrogen containing side chain and
later-generation BPs (like alendronate and zoledronate) that
are nitrogen-containing BPs. This difference influences their
ability to inhibit bone resorption, because nitrogen-containing
BPs inhibit bone resorption by 100- to 10,000-fold more than
non-nitrogen containing ones [16].
The prominent classification of BRONJ proposed by AAOMS,
was questioned by a retrospective European study in which
the clinical findings proposed by the AAOMS were correlated
to the radiographic findings on CT. Interestingly, about 57%
of the patients classified as stage 0 had diffuse osteonecrosis
and 1/3 of patients with diffuse disease on CT were classified
as stage 0 and 1 [17].
Mawardi et al., proposed changes to the current classification of BRONJ, in particular he suggested to include stage 0
category that would include the above cases, with clinical
and radiological signs of BRONJ without bone exposure [18].
About 50% of the patients with stage 0 BRONJ will develop
a stage 1,2 or 3 BRONJ [19].
Stage 1 disease refers to BRONJ cases with exposed bone
or with bone that can be probed through a fistula and are
asymptomatic with no signs of infection.
Stage 2 disease shows similar characteristics with stage
1but the patients are symptomatic and have signs of infection.
Patients with stage 3 disease show apart from the characteristics of stage 2 one or more of the following [1]:
1. Exposed necrotic bone extending beyond the region
of alveolar bone
2. Pathologic fracture
3. Extra-oral fistula
4. Oral-antral/oral-nasal communication
5. Osteolysis extending to the inferior border of the mandible
or sinus floor.
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There are differences between different BP types regarding
their capability of producing BRONJ. In particular, zoledronic
acid is capable of producing BRONJ, on the contrary there is
a lot of controversy regarding the incidence of alendronaterelated osteonecrosis of the jaws [20].
Per os administration seems not to be related to the same
frequency to BRONJ with i.v. administration. In an animal
tooth-extraction experiment in which the quantitative evaluation of the area of osteonecrosis of the specimens obtained
after intraperitoneal administration of zoledronate was
compared to the results of alendronate administration per
os, it was shown that zoledronic acid caused osteonecrosis
and microbial colonization whereas alendronate did not [20].
The explanation why alendronate when given per os is not
related to the same frequency to osteonecrosis compared
to intravenous administration of BPs, is that it only contains
one nitrogen atom and it accumulates slower in bone. The
number of nitrogen atoms is important for the binding of BPs
to hydroxyapatite (HAP). Ebetino et al., have shown hydrogen
binding between the nitrogen of the R2-side chain and OH
on the HAP surface [21]. Thus, zoledronate that possesses 2
nitrogen atoms, accumulates faster in bone and this finding
can also explain the shorter period that is takes for patients
that receive i.v. zoledronate to show bone exposure (9.4
months), compared to those receiving alendronate per os (3
years ) [22]. Thus, the stereochemistry of the nitrogen chain
and the number of nitrogen atoms play a crucial role for the
susceptibility to BRONJ.
According to Merck, the manufacturer of alendronate, the
incidence of BRONJ is 0.7/100,000 person/years of exposure
[23]. However, in contrary to what was believed previously, in
particular that per os administration of BPs, like alendronate,
is related to a lower risk of BRONJ, compared to i.v. administration of other BPs, newer investigations, have proven evidence
of the fact that the frequency is considerable. In particular,
in a retrospective study of Sedghizadeh et al., [1,24], 4% of
the population that received alendronate per os (n: 208)
showed BRONJ.
The explanation behind osteonecrosis and zoledronate
administration probably lies in the loss of mucosal integrity
that has been reported after i.v. administration [20]. This is
the result of the inhibition of keratinocyte function and the
impaired epithelialization in the region of the wound [25]. It
remains to be elucidated whether:
1. The initial damage takes place in the mucosa or the
adjacent bone.
2. The impairment of keratinocyte growth is the initializing
factor for the loss of the protective action of the mucosa
and osteonecrosis.
The skepticism behind the classification is that the correct
categorization is important for the assessment of the severity
of the disease according to which the appropriate therapy
is chosen. The involvement of jaws and not long bones can
be explained through the increased vascularity and bone
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turnover of the mandible and especially around the periodontium of the teeth. These result in high accumulation of
BPs in the jaws [26].

Bisphosphonates: possible ways of action

Their main action is to inhibit bone resorption by interfering
with the action of osteoclasts, which are involved in bone
metabolism.
Two possible mechanisms of action have been described
for BPs with regard to the inhibition of osteoclast action.
Nitrogen-containing BPs inhibit the mevalonate pathway
in osteoclasts, preventing prenylation of GTPase proteins
necessary for osteoclast function.
On the contrary, BPs that lack nitrogen contribute to the
formation of cytotoxic metabolites or inhibit tyrosine phosphatases in osteoclasts [27].
BPs inhibit osteoclast differentiation and induce osteoclast
apoptosis [28]. This mechanism explains why BPs reduce
skeletal morbidity by 30-50% in multiple myeloma patients
and patients with solid tumors [29]. It´s interesting to mention that BPs seem also to affect the disease-free survival of
premenopausal women, receiving hormonal therapy for early
stage breast cancer [30].
The fact that other antiresorptive drugs, such as denosumab,
an anti-RANKL antibody that acts by inhibiting bone turnover,
also cause osteonecrosis, supports the hypothesis that the
main pathophysiological mechanism by which antiresorptive
drugs cause osteonecrosis is inhibition of bone turnover, i.e.,
a dysregulation of the equilibrium between bone resorption
and bone synthesis [31]. In particular, it has been shown that
exactly because of this inhibition, denosumab results in a
more profound compared to BPs reduction in the risk (about
17%) of first skeletal-related event (SRE) as well as of the time
until the first SRE (8.21 months) in metastatic disease [31].
The initial inhibition of osteoclasts, results in the end in
dysregulated bone metabolism and reduced bone formation
[32]. The first action makes these drugs inevitable for medical
conditions characterized by dysregulated bone metabolism
in favor of bone resorption, like osteoporosis or bone metastasis for example in case of breast or prostate cancer [33],
and the second provides evidence for the discontinuation of
these drugs after operations involving bone, as it was shown
in a rabbit model ofintertransverse process arthrodesis [32].
Marx et al., characterized this dysregulation in bone remodeling as a chemical type of osteopetrosis, a genetic condition
in which osteoclast function is inhibited [26].
New insides into the effects of BPs on the metabolism of
other substances in the body, like lipoproteins promise to
contribute to the elucidationof the complete spectrum of
their action.

Dose

The doseof BP treatment in humans is 1mg/kg/week. The
choice for a 0.05mg/kg/week dose in animals was mainly
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based on the pharmacokinetic behavior of the drug. In particular, it is known that there is no evidence that alendronate
is metabolized in animals (it could be compared to the impaired elimination through the kidneys in patients with renal
failure) [34]. In humans, alendronate has an oral bioavailability
of 0.76% [35]. According to the above a dose adaptation in
animals, in order to mimic the pharmacokinetics in humans
and not to cause toxic side effects is necessary.
Additionally, the dose of 0.05mg/kg used in our experiment
has already been used in animal experiments with alendronate
administration per os that aimed at investigating the effect
of the administration on bone repair after spine-arthrodesis
and autologous iliac crest transplant [32]. This dose can be
compared to the therapeutic dose administered to humans.
Of course, differences in drug metabolism, for example a
faster clearance could cause differences in the results between
animals and humans.
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Comparable results were reported in another animal model
with dogs where a distraction rate of 1mm/day in segmental
defects in dogs, caused reversible degeneration at 3, 6 and
12 months, through a phase of Wallerian degeneration [40].
Similar changes related to the administration of BPs and the
generation of a numb chin have not been- to our knowledgereported in the literature, yet.

Materials and methods

Animals

The study was approved by the Bioethics Committee of the
Medical School of the Aristotle University of Thessaloniki. Six
female Wistar rats, 12-month old, weighing approximately
500 gr., were used in the experiment. Rats were housed in
stainless steel cages, with one rat per cage, 12h light-dark
cycle, relative humidity and temperature control.
The animals were randomly allocated into two groups:
Group A, the experimental group that consisted of 3 animals
Duration of administration
and Group B, the controlgroup that also consisted of 3 animals.
The duration of administration was chosen according to the
Alendronate (Fosamax, Merck) was administered per os
following facts:
to animals of Group A at a dose of 0.05 mg/kg body weight/
1. Animal toxicology studies have shown that the
week dissolved in 3cc normal saline for 13 weeks. The drug
administration of a drug for 1 month succeeds in detecting was administered 30 at least minutes prior to breakfast once
90% of the toxic effects [36].
a week.
2. Fast accumulation of alendronate in bone tissue [28].
The dose calculation was according to the human dose
3. The same duration was chosen in other animal experiments that is normally administered. The duration of the study was
with BPs [32].
limited to 13 weeks because of the fast accumulation of
The duration of administration plays a crucial role for the gen- alendronate in bone tissue.
eration of osteonecrosis. In particular it has been advocated
After euthanasia, the mandible of the animals was removed
that alendronate administration for a maximum of 3 years and the IAN wasexcised at its entrance in the mandibular
does not increase the risk of osteonecrosis [2,37].
canal, in animals of both groups and tissues were processed
for electron microscopy.
Nerve degeneration
We decided to use alendronate because [28,41]:
Some of the indicators of nerve degeneration are: demy1. Of the growing evidence that oral administration of BP
elination, myelin disruption, axonal swelling, axoplasmic
is more commonly related to BRONJ than actually believed
darkening and decrease in the number of axons (Table 1)
2. The fast accumulation of alendronate in bone.
[38]. Nerve tissue was shown to possess adaptive properties. Transmission Electron Microscopy (JEOL USA Transmission
In particular, degenerative changes of the IAN have been Electron Microscopes).
reported- to the best of our knowledge-up to now, only in
IAN tissue samples were sectioned into <1 cm3 pieces.
animal models of distraction osteogenesis, a surgical process They were placed into glutaraldehyde 2.5% for 2 hours. Then
used to lengthen the long bones as well as the jaws. In these into osmium tetroxide (OsO4) 1% for 1 hour. Staining was
cases it was shown that a complete adaptation at distraction performed with uranyl acetate 1% (16 hours) and dehydrarates greater than 1mm/day is not possible(animal model of tion with advancing ethanol concentrations. Samples were
distraction osteogenesis with gouts) [39].
embedded into Epon resin.
Ultra-thin sections (600–900 Å) were taken and stained
Table 1. Histological findings of nerve degeneration [38].
with Reynolds’s stain. Samples were observed under a JEOL
transmission electron microscope.
Demyelination
Myelin disruption
Axonal swelling
Axoplasmicdarking
Decrease in the number of axons
Vacuolization of the myelin sheath
Detachment of the axon
Local thickening of the axon

Statistical analysis

Five sections from each nerve were obtained. The micrographs
were observed under a magnification of X4000. The parameter measured was the thickness of the myelin sheath. The
Program Image J 1.48 (nih.gov) was used for the assessment
of the thickness of the myelin sheath on two random, dia-
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metrically opposed locations on each neurofilament on each
section. 250 neurofilaments were measured. The mean thickness was calculated. The observer was blinded to the group
he was examining. The statistical analysis was conducted
with a t-test (MS Excel).

Results

The ultrastructural analysis revealed that degenerative changes
were present in both the experimental (A) and the control
group (B). Degenerative changes were defined as:
1. Vacuolization of the myelin sheath
2. Detachment of the axon
3. Local thickening and / or disruption of the myelin sheath.
In particular, detachment of the axon was present in both the
experimental Group (A) (Figure 1, red arrow)and the control
Group (B) (Figure 2, red arrow), whereas disruption of the myelin sheath, by means of vacuolization inside the myelin was
more profound in the experimental Group (A) (Figure 1, black
arrows), compared to the control Group (Figure 2, black arrow).
Local thickening of the myelin sheath was observed in both
groups (Figure 3a). Disruption of the myelin sheath was only
observed in one neurofilament in one sample of the control
Group (Figure 3b). This could be the result of tissue processing.
The mean thickness of the myelin sheath between the two
groups showed a statistically significant difference (p<0.013)
(A=0,9391949μm vs. B=1,1201515µm). The analysis of the
statistical error revealed the statistical significance of our
results (Figure 4).
These results provide evidence that degenerative changes
of the IAN take place irrespective of the administration of
BPs. BPs administration to the experimental group resulted
into a statistical significant reduction of the thickness of the
myelin sheath (p<0.05).

Figure 2. Control Group (B). The figure reveals
detachment of the axon in one myelinated neurofilament
(red arrow) and mild intramyelin vacuolization (black
arrow).

(a)

(b)

Figure 1. Experimental Group (A). The Figure shows
profound disruption of the myelin sheath in the
experimental group by means of intramyelin vacuolization
(black arrows).Detachment of the axon and axoplasmic
swelling is also present (red arrow).

Figure 3. Control Group (B).
(a) Thickening of the myelin sheath (black arrows).
(b) The Figure shows disruption of the myelin sheath (black
arrow).
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concentration gradually decreased about 34% at day 21 [45].
According to the above, an involvement of BPs in endothelial
cell metabolism cannot be excluded. Despite this interference
with vascular metabolism, a definite action on vascular cells
has not been reported, yet.
Cell Toxicity is another possible explanation for the effects of
BPs on nerve tissue. In particular, pamidronate administration
resulted into reduction of the proliferation of murine keratinocytes without any alterations in cell apoptosis. Wound healing
was also reduced in this animal study [46]. A dysregulation of
the innate or acquired immunity has also been suggested for
the generation of BRONJ. The elucidation of this mechanism in
the generation of osteonecrosis still remains unclear, because
Figure 4. Differences in the thickness of the myelin sheath
there are only a few publications that address this issue. In
between the experimental and the controlgroup. The Figure
an animal BRONJ model with mice that were administered
shows the statistical significant thinner myelin sheath in the
zoledronate and dexamethasone, a suppression of T-regulatory
experimental group compared to the control group.
cells and an activation of T-helper cells producing IL-17 was
reported [47]. Systemic administration of mesenchymal stem
Discussion
cells (MSCs) was shown to reduce IL-17-producing T-cells and
Mechanisms related to BRONJ that could cause a mental to increase the number of T-regulator cells. Thus, cells of the
nerve neuropathy
innate or acquired immunity and the expressed cytokines,
Our hypothesis is that the mechanism behind BP-related may be related to IAN alterations.
mental nerve neuropathy is related to ischemic alterations.
The explanation for the vacuolization of the myelin sheath
There are only a few published studies about the action after alendronate administration is still hypothetical. We hyof BP on vessels. In particular, an antiatherogenic action pothesize that ischemic alterations to the Schwann cells may
has been attributed to these drugs, because of the reduced result into the observed degenerations. Similar alterations, for
Carotid Artery (CA) intima-media thickness (IMT) reported example vacuolization of Schwann cells (and mostly of satellite
in postmenopausal osteoporotic women that received zole- cells) were observed in the spinal ganglia of dogs after aortic
dronate, compared to women that did not receive BPs [41]. occlusion, a finding that provides evidence of the fact that
Anti-angiogenic properties of BP have been also proven in ischemic alterations to Schwann cells can cause cytoplasmic
knock-out for LDL (-/-) mice, which were given angiotensin vacuolization [48]. The presence of vacuoles in the myelin is
II in order to evaluate the frequency of Abdominal Aortic not able to explain the clinical picture. Other experimental
Aneurysms and the capability of BPs to prevent their genera- studies that presented ultrastructural alterations by means
tion [42]. The experiments have shown that mice receiving i.v. of intramyelin vacuolization, did not reveal any changes in
zoledronate, show a significant reduction of the frequency nerve electrophysiology. Thus, histological alterations do not
of aneurysms and vascular inflammation. Additionally, it has always result into a particular clinical picture [49].
been shown that in vitro zoledronate administration, resulted
Direct effects on the neuron, for example by means of metabolic
in inhibition of human umbilical endothelial cell and rat aortic or toxic changes, like those presented formurine keratinocytes
ring cell proliferation, as well as into modulation of endothelial and resulted into inhibition of in vitro proliferation could not
cell adhesion and migration [43] and impairment of capillary be excluded, however, due to the fact that Schwann cells are
tube formation [44]. A reduction of vascularization has been directly related to myelin synthesis we hypothesize that alterareported in bone biopsy samples in patients with Paget`s tions to Schwann cells are causatively related to the generation
disease after initiation of BP treatment. The authors stress of mental nerve neuropathy in patients receiving BPs [46].
that it cannot be excluded that this finding may be the result
of the reduction of bone resorption [44].
Conclusions
Other investigators, tried to elucidate the influence of BPs Our study provides evidence for the first time-to our knowlon vascular metabolism by investigating the immunohisto- edge- that BP treatment may cause ultrastructural alterations
chemical changes, like of VEGF production (the most important of the inferior alveolar nerve. These changes are characterized
proangiogenic factor). These investigations did not show by reduction in the thickness of the myelin sheath compared
significant changes in VEGF staining in the mandible at the to the control group and by profound vacuolization into the
tooth extraction site in rats receiving BP [20]. On the contrary, myelin sheath.
differences have been found in the serum of patients after
Characteristics of our study that could have influenced
receiving zoledronate i.v.. In particular, a reduction of serum our results are:
VEGF was found in cancer patients under BP therapy. The
1. The duration of administration, that was 13 weeks.
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2. Dosing. Probably a higher dose may have caused more
severe results.
3. The fact that our study was performed on animals.
4. The route of administration, i.e., per os, could have
influenced our results.
Aspects that were not addressed are:
1. The presence or absence of an osteolytic lesion in the
alveolar process or in the mandibular bone, in order to
diagnose a BRONJ was not investigated. Whether the
preexistence of an osteolysis is necessary for the genera
tion of the neuropathy, or if the symptoms occur even in
the absence of radiographic signs, is still unclear.
2. No conclusions regarding the function of the IAN were
drawn. Neurophysiological assessment would be of great
interest for further research.
3. Only morphological changes were addressed.
Future investigations that will address similar nerve degenerative changes in other nerves like the sciatic nerve in animal
studies, as well as histological investigations in human cadavers and human studies that will investigate the correlation
between histological and clinical findings in conjunction with
age-related studies, will shed light upon the pathophysiologic
mechanism of nerve degeneration under BP therapy, the
exact involvement of BPs, the reversibility of the changes
after discontinuation of BP uptake and the possibility of the
co-administration of neuroprotective drugs.
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