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Abstract

Bone matrix is predominantly made up of collagen, and in vitro and in animal models
studies have shown that silicon is linked to glycosaminoglycans and plays an important
role in the formation of cross-links between collagen and proteoglycans, determining the
beneficial effects on strength, composition, and mechanical properties of bone. However,
there are still no precise indications regarding a possible role of silicon on bone health in
humans. Given this background, the aim of this narrative review was to consider the effectiveness of silicon dietary intake and
silicon dietary supplementation (alone or with other micronutrients), in order to suggest a daily dosage of Si supplementation, on
bone mineral density in humans. This review included eight eligible studies: four regarding dietary intake and four considering
supplementation with silicon alone or with other nutrients. Despite the number of studies considered being low, the number of
subjects studied is high (10012) and the results are interesting. Although to date the available scientific evidences are not con-
sidered valid enough to allow to establish an adequate level of Silicon intake, based on extrapolations from the data obtained with
studies on animal and human models, it has been suggested that an adequate intake in order to promote beneficial effects for
bone could be considered to be around 25 mg silicon/day. As for silicon dietary supplements, it has been shown that the
combined treatment with orthosilicic acid (6 mg), calcium, and vitamin D has a potentially beneficial effect on femoral BMD
compared to only use of calcium and vitamin D.

Impact statement

This narrative review helps to focus on the
effectiveness of Silicon (Si) dietary intake
and Si dietary supplementation (alone or
with other micronutrients), in order to sug-
gest a daily dosage of Si supplementation)
on bone mineral density in humans.
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Introduction possible role as a promoter of mineralization and calcifica-

tion in the preosseous tissue.” The same author then later
observed, in a study on chicks, a significant slowdown in
the growth rate, a greater susceptibility to fractures of the
femur and tibia, and a thinner cortical bone in animals fed a
poor Si diet compared to those who they had received an
integration for 23 days.*

There is growing scientific interest in Silicon (Si), with more
and more studies reported in vitro and animal models that
suggest how this element may be essential for bone forma-
tion and maintenance.’

In rats, the highest levels of Si were found in the bone
and other connective tissues, such as skin, nails, hair, tra-
chea, tendons, and aorta; a similar tissue distribution is also
assumed in humans, although it has not been directly

Si daily intake and b health
investigated so far.> Si is linked to glycosaminoglycans ' dafly intake and bone hea

and plays an important role in the formation of cross-
links between collagen and proteoglycans." As early as
the 1970s, a quantitative study carried out by Carlisle on
rats had shown that Si was highly concentrated in imma-
ture osteoid tissue, but progressively reduced with the mat-
uration of the bone mineral component, indicating its
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The greatest and most important source of Si for humans is
represented by diet. The most bioavailable form, for the
animal and the human body, is orthosilicic acid (OSA, Si
(OH) 4), which however is present as such only in liquids,
such as mineral water and beer, but not in foods (where it is
present as polymeric or phytolytic silica). However, other
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forms of Si can be hydrolyzed to OSA at gastrointestinal
level.>®

The kidneys are the main route of excretion of absorbed
food Si, which is largely filtered but only minimally reab-
sorbed by the renal tubules. Overall, up to 50% of the Si
ingested through the diet is excreted in the urine; consid-
ering that liquids are responsible for 20-30% of the total
intake of this element, these data suggest that some forms
of Si food contained in solid foods are also well absorbed by
the human body. In the blood, this element is present
almost exclusively in the form of silicic acid and is not
bound to proteins; Serum Si concentrations were signifi-
cantly higher in patients with chronic renal failure
(46 umol/L) than in healthy subjects (21 pmol/L).%”

Collecting data obtained from 35 bibliographic referen-
ces, Pennington observed that, generally, the levels of Si in
products of vegetable origin are higher than those of animal
origin.8 In 2005, Powell et al. developed, using the tech-
nique of inductively coupled plasma optical emission spec-
trometry, a database with the Si content of 207 foods and
drinks commonly consumed in the United Kingdom.”

Numerous researchers have investigated, mostly with
the help of questionnaires, the extent of the intake of Si
through the diet in different population samples; generally,
in Europe and North America, the average consumption of
this element is between 12 and 62 mg/day, while in Asia it
tends to be higher due to a richer diet in foods of plant
origin."’ In particular, Pennington has estimated, for the
US population aged between 25 and 30years, an average
intake of Si equal to 19 mg/day for women and 40 mg/day
for men, with the lowest values for those who mainly fol-
lowed a meaty diet and the highest values for those who
preferred vegetarian diets.®

In 2002, Jugdaohsingh et al., using the data obtained
through a 126 items FFQ (food frequency questionnaire)
compiled by the members of the cohorts Original
Framingham Study (age 67-95years) and Framingham
Offspring Study (age 26-83 years), calculated an average
dietary intake of Si equal to 29.6 +14.8 mg/day for men
and 24.2+9.5mg/day for women belonging to the first
cohort, and to 33.1+£19.4mg/day for men and 25.0+
11.4mg/day for women belonging to the second. For all
age groups, the intake of Si in the male sex was therefore
20-33% greater than that of the female sex, and showed a
progressive decrease with advancing age in both sexes (on
average 0.1 mg for each additional year of age). The main
contribution to Si intake was derived from beer, followed
by bananas (contained in Si of the edible part 5.4mg/100 g)
and white bread (3.5mg/100 g), in men, and by bananas,
green beans, white bread, and other cereals (especially oat
soup, 260 mg Si/100 g) in women.®

Compared to the values reported in the latter study, in
Belgium, (using the duplicate portion sampling technique
of 24-h meals) a lower average daily intake of Si, equal to
18.6+8.5mg, was estimated;'' in a sample of young
Korean men (age 19-25years), however, the estimate was
greater, equal to 37.5+222mg Si/day, mainly deriving
from cereals and derivatives (25.6% of the total intake),
vegetables (22.7%), drinks and liqueurs (21.2%), milk, and
derivatives (7%) (however, the intake of Si with drinking
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water was not considered).'” These differences could be at
least in part due to the different dietary patterns and the
different Si contents of the foods in the various geograph-
ical areas considered, as well as to the variable quality of
the data used."”

Using a food composition database in the UK and a
semi-quantitative FFQ of 150 self-administered items,
McNaughton et al. calculated the average daily intake of
Si in a sample of post-menopausal Scottish women older
at 60, it was 18.6mg (SD 4.6). Research has shown that
cereals, mostly wholemeal bread, represented the main
source of Si in the study population (about 30% of daily
intake), followed by fruit (especially bananas), drinks (tea
and coffee), and vegetables (leafy vegetables), responsible
for more than 75% of the daily Si intake."

Although to date the available scientific evidence is not
considered solid enough to allow the establishment of an
adequate intake level (Adequate Intake, Al) for Si, it has
been suggested that based on extrapolations from the data
obtained with studies on animal and human models, ade-
quate intake to promote beneficial effects for the bone can
be considered to be around 25 mg Si/day."* Additional ran-
domized controlled trials are probably needed to evaluate
the effectiveness of any additions with Si; however, on the
basis of the most recent scientific literature, it is still appro-
priate to recommend consumption of food and drinks such
as to bring that share of Si that appears associated with
human health and well-being."*

Finally, according to the European Food Safety
Authority (EFSA), due to the lack of data indicating any
toxic effects of oral Si intake, it has not yet been possible
to establish a tolerable upper intake level (UL) and it is
unlikely that even high dietary intake of this element may
cause adverse effects '° in humans. However, some studies
have been conducted on rodents in order to determine a
dose without observed adverse effects (no observed
adverse effects level, NOAEL): for food Si, a NOAEL
equal to 50,000 ppm (mg/1) has been determined. From
this, a safe upper level of 1750 mg/day was calculated for
an average adult man of 70 kg, demonstrating a large safety
margin.16

Finally, that Si can play an important role for bone well-
being seems to be suggested also by a study in which gas-
trectomized male patients, at one year after surgery, found
a significant reduction in volumetric BMD (measured by
quantitative CT) in the lumbar spine (at both trabecular
and cortical bone levels) compared to the control group,
in association with an equally significant decrease in the
plasma concentration of Si (also indicating, therefore, the
importance of the exocrine and endocrine functions of
the stomach in maintaining Si homeostasis)."”

Si, bone formation, and mineralization: In vitro and
animal studies

It has been suggested that Si may play a role in electro-
chemical bone mineralization processes, but the precise
biological mechanism remains unclear at present.'

In vitro studies have shown that this element stimulates
the synthesis of type 1 collagen and osteoblastic
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differentiation (assessed by alkaline phosphatase and
osteocalcin levels) in osteoblastic-like human cells '® and
increases the formation of mineralization nodules in
mature osteoblast cultures.'

Dietary Si supplementation has shown beneficial effects
on strength in several animal models (study on chickens by
Merkley et al.),*® on composition (study on rats by Seaborn
CD et al.), and on mechanical properties bone.”" In partic-
ular, in the latter study, performed on mice, supplementa-
tion of the diet with soluble Si (10ppm of sodium
metasilicate, Si group) and administration of Si via desali-
nated deep sea water (containing 1.8 ppm of Si, DW group)
associated with an increase in femoral weight, bone content
of calcium and phosphorus, and the activity of tibial alka-
line phosphatase (ALP) (bone formation marker) compared
to the administration of desalinated surface sea water (con-
taining 0.006 ppm of Si, group SW) or tap water (group
TW). In addition, in the DW group, an increase in strength,
structural rigidity, percentage deformation, and quantity of
force absorbed before breaking compared to the TW group
was observed at the femoral level.”*

Ovariectomized female rats represent a standard model
for the study of postmenopausal bone loss. Research con-
ducted on this model has shown that the integration with
500 mg of Si/kg of food is able to significantly increase the
bone mineral density (BMD) of the femur and tibia in ovari-
ectomized rats fed on a diet low in calcium.”? Another
study, aimed at investigating the effects on the bone of sup-
plementation for 10 weeks with genistein (a phytoestrogen)
and/or Si (20mg/kg body weight/day), has highlighted
how the latter can inhibit the reduction of lumbar and fem-
oral BMD observed following ovariectomy (with the great-
est BMD values found in the group integrated with both
genistein and Si), also restoring bone volume and thickness
of trabeculae of the trabecular femoral bone.” A similar
effect of Si supplementation (20mg/kg body weight/day
for four weeks) on the femoral and tibial BMD of ovariec-
tomized rats had already been observed in a previous study
by Bae et al.,** as well as in a study by Calomme et al., in
which supplementation with orthosilicic acid stabilized
with choline (which increases its bioavailability; 1mg
Si/kg body weight/day for 30 weeks) has been associated
with significant increase in bone mineral content (BMC)
and BMD at the femoral level in ovariectomized elderly
rats.”

In Bu’s et al. study, on the other hand, supplementation
with Si (in the form of metasilicate) for 15weeks has not
been shown to restore the loss of vertebral, femoral, and
tibial BMD induced by ovariectomy, but high doses of Si
have been associated with a significant increase in the
expression of the gene for osteoprotegerin (OPG) and a
reduction in the RANKL/OPG ratio, with the consequent
possible stimulation of osteoblastic function (since OPG is
mainly produced by osteoblasts).?®

Apparently in contrast with Carlisle’s studies of the 70s
(which had found a slowing of growth in chicks with a low
Si diet) are the results of the research conducted by
Jugdaohsingh ef al., in which rats with a diet poor in Si
had greater body and individual bone length (with an
inverse proportionality ratio with respect to serum Si), a

reduction in the thickness of the growth plate (growth car-
tilage) and an increase in the density of the chondrocytes
compared to animals fed with diet standard. Low serum
concentrations of Si, therefore, could be responsible for
inhibiting the closure of the growth plate with consequent
increase in longitudinal growth.*”

Si is considered an element with high biocompatibility;
recent studies on Si nanoparticles have highlighted their in
vitro ability to mediate powerful inhibitory effects on osteo-
clasts and stimulatory effects on osteoblasts, as they are
able to antagonize the activation of NFkB (and therefore
of the signal transduction pathway required for osteoclastic
resorption and which inhibits osteoblastic bone neoforma-
tion).”® The same Si nanoparticles have proven to signifi-
cantly increase lumbar and femoral BMD ?* and to mitigate
and reverse age-associated bone loss (with preferential
increase in trabecular bone) by increasing the serum
levels of osteocalcin, a sensitive and specific biochemical
marker of bone formation, in mice in vivo.” In a study by
Kim et al., the use of hydroxyapatite derived from cuttlefish
bone replaced with Si stimulated cell proliferation, early
engraftment of human mesenchymal stem cells and osteo-
blastic differentiation in vitro, and bone formation in rabbits
in vivo, thus representing a potential material for bone
transplants.

Given this background, the aim of this narrative review
was to consider the state of the art on effectiveness of Si
dietary intake and Si dietary supplementation (alone or
with other micronutrients) in order to suggest a daily
dosage of Si supplementation on bone mineral density in
humans.

The present narrative review was performed following
the steps by Egger et al.*! as follows:

1. Configuration of a working group: three operators
skilled in clinical nutrition (one acting as a method-
ological operator and two participating as clinical
operators).

2. Formulation of the revision question on the basis of
considerations made in the abstract: “effectiveness of
Si dietary intake and Si dietary supplementation
(alone or with other micronutrients), in order to sug-
gest a daily dosage of Si supplementation on bone
mineral density in humans.”

3. Identification of relevant studies: a research strategy
was planned on PubMed (Public MedLine run by the
National Center of Biotechnology Information
(NCBI) of the National Library of Medicine of
Bathesda (USA)) as follows: (a) Definition of the key-
words (Si, bone health, humans, supplementation,
bone mineral density), allowing the definition of
the interest field of the documents to be searched,
grouped in quotation marks (“...”) and used sepa-
rately or in combination; (b) use of: the Boolean (a
data type with only two possible values: true or false)
AND operator, that allows the establishments of log-
ical relations among concepts; (c) Research modali-
ties: advanced search; (d) Limits: time limits: papers



published in the last 20 years; humans; adults; lan-
guages: English; (e) Manual search performed by the
senior researchers experienced in clinical nutrition
through the revision of articles on the effectiveness
of Si dietary intake and Si dietary supplementation
(alone or with other micronutrients, in order to sug-
gest a daily dosage of Si supplementation) on bone
mineral density in humans.

. Published in journals qualified in the Index Medicus.

5. Analysis and presentation of the outcomes: we create
two paragraphs: a paragraph about effectiveness of
Si dietary intake on bone mineral density and a
second paragraph on Si supplementation (alone or
in combination with other nutrients) on bone mineral
density, and the data extrapolated from the “revised
studies” were collocated in tables; in particular, for
each study, we specified the author and year of pub-
lication and study characteristics.

6. The analysis was carried out in the form of a narra-
tive review of the reports. At the beginning of each
section, the keywords considered and the type of
studies chosen are reported. We evaluated, as is suit-
able for the narrative review, studies of any design
which considered the effectiveness of Si dietary
intake and Si dietary supplementation (alone or

~
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with other micronutrients), in order to suggest a
daily dosage of Si supplementation, on bone mineral
density in humans.

Figure 1 shows the flow chart of literature research.

Results

The research for Si intake was conducted based on the key-
words: “silicon intake” AND “bone” or “bone mineral
density” AND “humans”.

For the present part we have analyzed a total of four
studies: two cohort studies, one cross-sectional cohort
study, and one cross-sectional study.

Table 1 shows the studies that evaluated the relationship
between dietary intake of Si and bone mineral density.

The research for Si supplementation was conducted
based on the keywords: “Silicon dietary supplementation”
AND “bone” OR “bone mineral density” AND “humans”.

For the present part we have analyzed a total of four
studies: one retrospective study, one randomized placebo
controlled trial, and two double blind randomized placebo
controlled trials.

Table 2 shows the studies that evaluated the relationship
between dietary supplementation of Si and bone mineral
density.
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Figure 1. Flow chart of literature research. (A color version of this figure is available in the online journal.)
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Si intake and bone mineral density: Human studies

In order to investigate the role of food Si in bone health in
humans, the study by Jugdaohsingh et al. of 2004 used the
same subjects participating in the Framingham
Osteoporosis Study, in turn taken from the Framingham
Offspring cohort: 1251 male and 1596 female pre- (306)
and post-menopausal (1325) (aged 30 and 87 years old)
who had completed two semi-quantitative food frequency
questionnaires (FFQ) and performed BMD (4 measurement
sites) and lumbar spine measurements via DXA between
1996 and 2001. Si intake is positively related to femoral
BMD in men and pre-menopausal women, but not in
post-menopausal women; however, no significant associa-
tion was found between Si intake and lumbar BMD in any
group. By dividing the groups into quintiles according to
the dietary intake of Si, there was a marked difference in
BMD between the lower (<14mg Si/day) and the upper
(>40mg Si/day) quintile in pre-menopausal men and
women (again no statistically significant difference in
post-menopausal women). These results suggest that a
high dietary intake of Si may have beneficial effects on
bone health, especially cortical health, in younger women
and men.*

In line with the results reported by Jugdaohsingh et al.,
the Framingham Offspring cohort is also those of a study
on 3199 women in the United Kingdom (taken from the
APOSS study, Aberdeen Prospective Osteoporosis
Screening Study) in peri-menopause, whether or not sub-
jected to hormone replacement therapy (HRT). The subjects
underwent a first bone densitometry in the years 1990-1993
(average age 48.5+2.4years) and a second 6.3 +0.9 years
later; they also completed a Food Frequency Questionnaire.
The authors found a significant positive association
between the Si intake with the diet adjusted for energy
and the BMD of the hip (femoral neck) and lumbar spine.
After adjusting the data also for menopausal status/HRT,
age, weight, height, smoking, and level of physical activity,
dietary Si was responsible for 0.1% of changes in hip BMD,
while the association with lumbar BMD was no longer sta-
tistically significant. When the groups of menopausal
women were analyzed separately, the significance of the
positive association between energy-adjusted Si intake
and hip BMD was confirmed only for pre-menopausal sub-
jects and those taking HRT, suggesting a possible interac-
tion between estrogenic state and effects of Si on the bone.*
In order to support this hypothesis, the same authors, in
2012, published a second study performed on a cohort of
3198 women (also from the APOSS study) aged between 50
and 62years, of which 1170 with hormone replacement
therapy in place and 1018 have never been in HRT. The
recruited subjects underwent the evaluation by DXA of
the BMD of the femoral neck (FN) and of the lumbar
spine (LS) and the measurement of the urinary markers
of bone resorption (free pyridinoline and deoxypyridino-
line, compared to the creatinine values: fPYD/Cr and
fDPD/Cr) and serum bone formation markers (N-terminal
pro-peptide of type I procollagen: PINP); they were also
asked to fill in a semi-quantitative validated food frequency
questionnaire to evaluate Si intake through the diet. From

the latter emerged an average daily intake, adjusted for
energy, of 23.3mg of Si (SD: 7.5; minimum value: 5.7 mg;
maximum value: 59.4 mg), and based on the data thus col-
lected, the participants were divided into quartiles. The
results showed that the femoral neck BMD of women
belonging to the lower quartile (Q1: 16.5 +4.0 mg Si/day)
was 2% lower than that of women of the upper quartile
(Q4: 31, 5+7.3); a similar trend was also observed for
lumbar BMD.

Considering, however, separately groups based on hor-
monal status, the association between intake of Si and FN
BMD was significant only in women not deficient in estro-
gen (women in pre-menopause and women currently in
HRT), significance maintained even after correction for
confounding variables. According to linear regression anal-
ysis, the energy-adjusted Si intake would represent a sig-
nificant predictor of the FN BMD in women in HRT. The
authors also highlighted a significant interaction between
estrogenic and quartile status of Si intake on femoral neck
BMD (but not on lumbar BMD). The Si intake quartiles
proved to be associated negatively with urinary bone
resorption markers and positively with PINP; finally,
serum concentrations of 25 (OH) vitamin D were lower in
the lower quartile than in the third and fourth quartiles.
The individual’s estrogenic status therefore appears to be
able to influence the metabolic role of Si in bone health, but
further studies are needed to clarify its mechanisms.**

In a 2017 research, Choi et al. estimated, through two 24-
h reminders, the average daily intake of Si in a sample of
400 young Korean men (aged between 19 and 25 years),
investigating its possible association with calcareous
BMD (assessed through the technique of quantitative ultra-
sound) and with serum bone metabolism markers (includ-
ing total ALP and osteocalcin). The results showed an
average intake of 37.54 +22.16 mg Si/ day, without any sig-
nificant correlation between the amount of Si introduced in
the diet and BMD or heel bone metabolism. However, the
intake of Si through vegetables was positively correlated
with total serum alkaline phosphatase, an important
marker of bone formation, suggesting a potential positive
role of Si deriving from vegetables on bone health.'>

Dietary supplements with Si and bone mineral density

As for human intervention studies, in a retrospective study
conducted on 53 osteoporotic women over a period of 14-
22 months, Si treatment was more effective in inducing a
significant increase in femoral BMD than treatment with
fluoride (significant increase in vertebral BMD but slight
decrease in femoral BMD), with etidronate, and with mag-
nesium (in both cases increase in vertebral BMD not statis-
tically significant).”

In the randomized controlled pilot study of Li et al., 17
postmenopausal women of no more than 5 years (mean age
54 years), with reduced bone density but not osteopenic or
osteoporotic according to DEXA, were divided into two
groups: a placebo group, which was to take 11/day of puri-
fied water (PW, containing an undetectable amount of Si),
and an intervention group, which was to take 11/day of
artesian groundwater (SW, containing 86 mg Si/l); all the



participants were then supplemented daily with 1200 mg of
calcium and 800 LU. of vitamin D, all for a period of
12 weeks. At the end of the 12th week in the SW group, a
significant increase in urinary Si levels was observed with
respect to the baseline, while no change was found in the
PW group; in particular, urinary Si in the SW group
increased by 133.5%, a statistically significant value com-
pared to the placebo group. No significant changes, how-
ever, were observed in the levels of NTx (urinary bone
resorption marker) and in the levels of serum bone forma-
tion markers (intact type I procollagen, N-terminal propep-
tide, bone ALP, osteocalcin), nor at within groups or
between groups. Both the purified water and the water
rich in Si were well tolerated, with no reported adverse
events. According to the authors, therefore, water from
artesian layers represents a safe and effective means of pro-
viding the human body with easily absorbable Si; although
there have been no effects on short-term bone turnover in
post-menopausal women, it is possible that this element
exerts more pronounced effects in men or in pre-
menopausal women, especially taking into consideration
longer periods of treatment.*

Considering the hypothesis of a role of Si in bone min-
eralization, Spector et al. have investigated the oral use of
orthosilicic acid (Si (OH) 4) stabilized with choline (ch-
OSA) as a useful agent in the prevention and/or treatment
of osteoporosis in combination with the administration of
calcium and vitamin D. In this double-blind randomized
controlled trial (RCT), a total of 184 women (mainly post-
menopausal, mean age 60.7 +10.4 years) with osteopenia
(T-score <—1.5 to the spine lumbar evaluation by DEXA)
were recruited, of which 136 completed the study. The sub-
jects were divided into 4 groups: a placebo group and three
groups receiving daily oral integration for 12 months with
ch-OSA at a dose of 3, 6, and 12 drops, respectively (corre-
sponding to 3, 6, and 12mg of Si); all the volunteers also
daily took 1000 mg of calcium and 20 pg of cholecalciferol.
At the end of the 12-month period, significantly higher
levels of PINP (N-terminal pro-peptide of type I procolla-
gen), a type I collagen synthesis marker and early marker of
bone formation, were found in groups supplemented with
6 and 12 mg of ch-OSA compared to the placebo group. On
the other hand, there were no significant changes in femo-
ral and lumbar BMD following the intake of ch-OSA; how-
ever, a post hoc analysis of subgroup of the femoral neck
BMD (subjects with baseline femoral T-score <—1) showed
a significant change of this parameter in the group treated
with 6 mg of Si compared to the placebo group (BMD total
femur and femoral neck greater than 0.98% and 2%, respec-
tively), with possible consequent reduction in the risk of
hip fractures.”” Completely overlapping results had
already been obtained by the same authors in 2005 follow-
ing the recruitment of 114 women (average age: 61 years)
with T-score at the column <—1. The subjects had taken
1000 mg of calcium and 800 .U daily for 12 months of cho-
lecalciferol with (in three intervention groups) or without
(in the placebo group) the addition of 3, 6, or 12 mg of Si (in
the form of ch-OSA). The doses of 6 and 12mg of Si were
also shown to be significantly associated with an increase in
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PINP in this case, while no significant change in BMD to the
column was observed.*®

Overall, the results obtained from these studies suggest
that the combined treatment with ch-OSA (6 mg), calcium,
and vitamin D has a potentially beneficial effect on bone
turnover, in particular on bone collagen, and perhaps also
on femoral BMD compared to only use of calcium and vita-
min D.¥

In order to identify a form of Si integration readily bio-
available and safe for use in humans, Jugdaohsingh et al.
developed a randomized, placebo-controlled, cross-over
and double-blind study conducted on 22 healthy women,
aged between 22 and 38 years, who were administered for
4 weeks, at a daily dose of 10.5mg, monomethylsilanetriol
(MMST), an oral Si supplement that has long been used for
the health of bone and connective tissue, especially in con-
tinental Europe, despite the absence of official data on its
use and its safety in vivo. Overall, at the end of the four-
weeks, this integration resulted in a significant increase in
serum and urinary concentrations of Si assessed on an
empty stomach, and there were no adverse effects (investi-
gated through questionnaires) nor alterations to routine
blood chemistry tests. The study therefore proved that
MMST represents a form of Si well absorbed and metabo-
lized by the human body, similarly to other forms of Si of
food origin (for example orthosilicic acid), thus being con-
sidered an adequate supplement of this microelement.*

Although, to date, available scientific evidence is not
considered valid enough to allow establishment of an ade-
quate level of intake (Adequate Intake, Al) for Si, based on
extrapolations from the data obtained with studies on
animal and human models, it has been suggested that an
adequate intake in order to promote beneficial effects for
the bone could be considered to be around 25mg Si/day.
As for Si dietary supplements, it has been shown that the
combined treatment with orthosilicic acid (6 mg), calcium,
and vitamin D has a potentially beneficial effect on bone
turnover, in particular on bone collagen, and also on fem-
oral BMD compared to only use of calcium and vitamin D.

Conclusions

In conclusion, this review included eight eligible studies:
four regarding dietary intake and four considering supple-
mentation with Silicon alone or with other nutrients.
Despite the number of studies considered being low, the
number of subjects studied is high (10012) and the results
are interesting.

Although to date the available scientific evidences are
not considered valid enough to allow to establish an ade-
quate level of Silicon intake, based on extrapolations from
the data obtained with studies on animal and human
models, it has been suggested that an adequate intake in
order to promote beneficial effects for bone could be con-
sidered to be around 25myg silicon/day. As for silicon die-
tary supplements, it has been shown that the combined
treatment with orthosilicic acid (6 mg), calcium, and vita-
min D has a potentially beneficial effect on femoral BMD
compared to only use of calcium and vitamin D.
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