Climacteric Downloaded from informahealthcare.com by Sue Finderup on 01/05/15
For personal use only.

CLIMACTERIC 2014;17:1-9

Use of ossein—hydroxyapatite complex in the
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ABSTRACT

Background and objective The ossein—hydroxyapatite complex (OHC) is a microcrystalline form of calcium
which provides a number of additional minerals (magnesium, phosphorus, potassium, zinc), and proteins
(osteocalcin, type I collagen, type I insulin growth factor I and II, transforming growth factor beta) associated
with bone metabolism. The objective of this review is to examine the role of OHC in preventing bone loss
in different conditions.

Material and methods A review of clinical trials assessing the relationship between OHC and bone loss was
made using the following data sources: Medline (from 1966 to December 2013), the Cochrane Controlled
Clinical Trials Register, Embase (up to December 2013), contact with companies marketing the supplements
studied, and reference lists.

Results Different randomized, clinical trials and meta-analysis suggest that OHC is more effective than
calcium supplements in maintaining bone mass in postmenopausal women and in different conditions related
to bone loss. In addition, OHC improves pain symptoms and accelerates fracture consolidation in patients
with osteopenia or osteoporosis.

Conclusion The ossein-hydroxyapatite complex is significantly more effective in preventing bone loss than
calcium carbonate.

INTRODUCTION calcium and vitamin D is needed to maintain bone health and
prevent the risk of fracture!3.

Calcium and vitamin D are crucial for bone health and The ossein-hydroxyapatite complex (OHC) has been used
essential in the prevention and treatment of osteoporosis'. to prevent and treat primary and secondary osteoporosis, to
However, concerns have been raised about the risk—benefit ~ regulate the balance of calcium and phosphorus in conditions
ratio of the administration of total calcium and vitamin D in such as pregnancy and lactation, or as adjunct therapy to
foods and supplements. The high intake of calcium supple- accelerate the healing of bone fractures, among others, with
ments has been related in some??3, but not all studies*® to an  an excellent safety profile!4-31, 14,1516

increased risk of cardiovascular events. On the other hand, OHC has shown greater bone regeneration than that
several studies have shown that low levels of 25-hydroxyl  observed with isolated hydroxyapatite or calcium salts???7.
vitamin D, the main circulating metabolite of vitamin D, are This complex also modulates bone turnover, particularly in
associated with an increased risk of cardiovascular events’-$ cases of reduced osteoblast activity by stimulating osteoblast
and/or mortality by any cause®!'?. However, high levels of  differentiation, proliferation and activity through ossein32-3¢
vitamin D have also been implicated in increased mortality in and decreasing bone resorption3” (Table 1). All these OHC

women'! but not in men'2. Conversely, an adequate intake of properties have been corroborated by randomized trials and
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Table 1 Proposed mechanisms of action of the ossein-hydroxyapatite (OHC) compounds

Study

Proposed mechanisms

Reduction of bone resorption
Chavassieux (1991)32

Crucial for bone mineralization (bone histomorphometry)

Controls (no treatment): 45% increase in trabecular bone erosion surface, 60% reduction in

osteoblast surface, 20% decrease in rate of bone formation

No significant changes in OHC group

Castelo-Branco (2007)33
Lotinun (2013)3¢

OHC decrease urinary calcium excretion
Decreases bone resorption by delaying development of osteoclast precursors through TGF-f,

osteocalcin, IGF-I, IGF-II and collagen type |

Lugli (1990)37
Increasing bone formation
Lorenc (1991)'8

Significant reduction in urinary hydroxyproline excretion suggests decrease in bone resorption

Required for bone mineralization (bone turnover markers):

Bone formation markers: OHC decreases osteocalcin and PINP < CC; OHC increases PICP > CC
Bone resorption markers: OHC decreases CTX > CC; NTX, pyridinoline and deoxypyridinoline
decreased with OHC but increased with CC

Yang (2003)3%
Srimongkol (2005)3*

Stimulates bone formation by osteoblast differentiation and proliferation
Significant increase in PICP suggests an increase in bone formation

CC, calcium carbonate; TGF-B, transforming growth factor-f; IGE, insulin-like growth factor; PINP, N-terminal propeptide of type 1 procollagen;
PICP, procollagen type 1 propeptide; CTX, carboxy-terminal collagen cross-links; NTX, N-terminal telopeptide

meta-analyses suggesting that OHC is clinically more effec-
tive in maintaining bone mineral density (BMD) than calcium
supplements!5-16:38 (Tables 2—4).

In this review, an attempt is made to summarize the major
published reports on the effectiveness of OHC in bone in dif-
ferent clinical situations as well as to evaluate the utility of
OHC for bone health in women and emphasize the points that
still need further clarification and additional research.

METHODS
Information sources

In January 2014, we searched Embase, Medline, and the
Cochrane Library for all data up to and including December
2013 to identify potentially relevant publications. In order to
maximize the number of publications meeting the selection
criteria, the medical departments of companies marketing
ossein—hydroxyapatite supplements were contacted to request
publications that were not identified during the electronic
search. Reference lists from studies initially selected and from
existing reviews were also sought to identify any additional
relevant studies not identified by the electronic searches.

Search strategy

To identify all the articles describing the use of the OHC in
the treatment and prevention of bone loss, we designed
the following search strategy including: osteoporosis or bone
loss or bone fracture or BMD and hydroxyapatite or ossein—
hydroxyapatite compound or Osteopor or Ossopan or

Osteogenon and randomized, clinical trials. This strategy was
adapted and applied to different Internet search engines, based
on Medline and Cochrane Controlled Trials Register data.
There were no language or date restrictions. Controlled and
randomized studies evaluating the use of OHC in the treat-
ment and prevention of osteoporosis were included.

Study selection

One reviewer (C.C.B.) independently evaluated the eligibility
of the trials. Articles reviewed that did not establish the indica-
tion of administration, literature reviews or those whose pur-
pose was not to demonstrate a therapeutic impact were not
considered. In the final selection of articles, only those using
diagnostic techniques currently recognized to diagnose sys-
temic bone loss were included.

Eligibility criteria

Publications were included if the full text of the article was
available. All types of clinical studies were included. Publica-
tions were included only if they contained information on the
treatment administered together with the dose, duration and
reason for treatment, participant characteristics, and study
design and duration.

Data extraction
For each study included, one author extracted the data and

a second author confirmed the data selected. Any potential
discrepancies were resolved by consensus.
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Table 2 Ossein—-hydroxyapatite compounds (OHC) in the prevention of postmenopausal osteoporosis. Summary of the included

clinical trials

Treatment groups Outcomes Results

Author Type of study  Follow-up Sample

Castelo-Branco?®  controlled open 12 months 118 surgically
study, menopausal
prospective women
randomized

Castelo-Branco?°

controlled open 2 years
study, women
prospective

randomized

Castelo-Branco!®  meta-analysis of 1-3 years 614 subjects in

RCTs 6 RCTs

Stepan3! controlled open 3 years 48 women with
study, bilateral
prospective oophorectomy
randomized

Lorenc?? controlled open 12 months 125 post-
study, menopausal
prospective women with
randomized osteopenia or

osteoporosis

Fernandez-Pareja?’  retrospective 4 years 237 post-
observational menopausal
study women

60 postmenopausal

%

HT (n=28) change in spine  +2.2% HT (p<0.01)

1.
2. OHC (n=28) BMD vs. +0.3% OHC vs.
3. HT+ OHC (n=32) +4.7% HT + OHC
4. No treatment control (p< 0.01)* Vs.
group (n=30) —1.1% control
(p<0.05)"
(intergroups,
p<0.01)
1. OHC (n=19) change in spine  1st year: —0.2% OHC
2. Calcium carbonate BMD vs. —1.0% CC
(n=21) vs. —3.5% control
3. No treatment (p<<0.05)
(n=20) 2nd year: —0.4% OHC
vs. —3.7% CC vs.
—5.6% control
(p<0.01)
1. OHC change in spine  +1.34% OHC vs. no
2. Calcium carbonate BMD changes in CC
(p<0.0001)
1. OHC (n=28) change in bone Cortical BMD: —2.4%
2. Control (n=20) markers and OHC vs. —6.94%
bone density controlf
Hydroxyproline:

—30.3% OHC vs.
—8.86% control®
TRAP: —18.9% OHC

vs. +2.1% controlt
Alkaline phosphatase:

—30.1%OHC vs.

—10.7% controlf

1. OHC (n=84) change in +3.28 % OHC vs.
2. Calcium carbonate BMD -1.9% CCt
(n=41)

1. OHC (n=112) change in spine  +3.2% OHC vs.
2. Control (n=125) BMD —7.3% control*

CC, calcium carbonate; HT, hormone therapy at menopause; BMD, bone mineral density; RCT, randomized, controlled trial; TRAP, tartrate

resistant acid phosphatase
* Changes vs. baseline; 1, p<0.01; ¥, p <0.0001

RESULTS

After crossing-clearing the reference lists, a total of 326 studies
relating to OHC and bone were identified. Of these, 38 were
considered selectable and were allocated to one of the following
topics according to the objective of the study for further review:
OHC and bone metabolism, prevention of postmenopausal
osteoporosis, treatment of postmenopausal osteoporosis, treat-
ment and prevention of secondary osteoporosis, treatment and
healing fractures, and OHC use during pregnancy.

Climacteric

The usefulness of OHC in different pathologies with
decreased bone mass, which may determine both primary
or secondary osteoporosis, was evaluated in the differ-
ent studies summarized in Tables 2—4. Early in the 1970s,
the first results of the clinical use of OHC in osteoporo-
tic patients were published, demonstrating better calcium
absorption than most other calcium salts’®. Subsequent
studies demonstrated that OHC was a safe and effective

drug in the treatment of patients with metabolic bone
diseases!740-43,
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OHC in the prevention of postmenopausal
osteoporosis

Castelo-Branco and colleagues!® evaluated the effects of OHC
on bone loss in healthy women receiving hormone therapy
(HT) for climacteric complaints. The group receiving HT plus
adjuvant OHC showed a greater increase in bone mineral con-
tent than those who only received HT, and the effect of OHC
was greater than that observed in women on calcium carbonate
(Table 2). In a subsequent study, the same authors assessed the
effect of OHC in postmenopausal women who did not wish to
take HT, demonstrating that continuous administration of
OHC was more effective in preventing bone loss in postmeno-
pausal women than calcium carbonate!®#¢ (Table 2).

The use of OHC in the prevention of postmenopausal
bone loss has also been studied in women with surgically
induced menopause. In a series of 48 patients with prior
bilateral oophorectomy (1-5 years), Stépan and colleagues!”
found that the administration of OHC led to a reduction in
the loss of BMD and biochemical markers of bone turnover
(Table 2). Ferndndez-Pareja and colleagues, in a retrospec-
tive study, analyzed 237 postmenopausal women and found
similar results*’.

Another comparative study involving osteopenic women
was performed by Lorenc and colleagues!® who compared
the efficacy of OHC versus calcium carbonate in natural and
surgically induced menopausal women older than 55 years
with more than 5 years since the beginning of menopause.
These authors observed a significant reduction of bone resorp-
tion in the OHC group.

OHC in the treatment of postmenopausal
osteoporosis

Some evidence suggests that the organic component of OHC
plays an important role in bone response in osteoporotic
patients. The formulations that include ossein—hydroxyapatite
show a significantly greater effect in bone than those with only
a pure mineral supplement. In patients with severe osteopo-
rosis, an increase has been observed in metacarpal and pha-
langeal bone density as well as a significantly higher decrease
of pain than that observed with calcium'**8 (Table 3).

This superior efficacy has also been observed in patients
who already have osteoporotic vertebral'®#° and hip* frac-
tures. In a comparative study, OHC was more effective in
preventing the loss of trabecular bone in patients with osteo-
porosis and at least one vertebral fracture due to fragility
than calcium carbonate!®. Additionally, the lack of adverse
events in this study suggests the possibility of safe long-term
treatment (Table 3).

It is noteworthy that anabolic actions on bone have recently
been attributed to OHC. Ciria-Recasens and colleagues?? con-
ducted a comparative study with calcium carbonate on bone
metabolism in women with senile osteoporosis and detected
a higher increase in BMD and higher levels of osteocalcin
in the group receiving OHC (Table 3). Similarly, Stamp and

Castelo-Branco and Ddavila Guardia

colleagues?! suggested that the intake of sodium fluoride with
OHC stimulates osteoblasts and induces new bone formation,
increasing trabecular and osteoid bone volume (Table 3).
Furthermore, the association of sodium fluoride with hydroxy-

apatite provides better absorption of calcium®°.

OHC in the treatment and prevention of secondary
osteoporosis

An emerging concern is the prevention of bone loss in patients
with chronic diseases treated with corticosteroids. Nilsen and
colleagues®® showed that, after 1 year of treatment, patients
with rheumatoid arthritis receiving OHC showed significantly
less loss of height and bone density at the radius and that bone
pain also significantly improved (Table 4). Similarly, Varga
and colleagues®! found, in patients with rheumatoid arthritis
and chronic renal failure treated with OHC, an analgesic
effect and an improvement of well-being.

OHC has also been studied in other situations requiring
chronic treatment with corticosteroids such as chronic obstruc-
tive pulmonary disease or autoimmune processes. Pines and
colleagues’? showed an increase in bone mineralization, a
decrease in the progression of osteoporosis and a great reduc-
tion in skeletal pain in asthmatic patients with corticosteroid-
induced osteoporosis receiving OHC (Table 4). This study
demonstrated the excellent tolerability and safety of the drug.

OHC has been also administered in patients with auto-
immune chronic active hepatitis undergoing corticosteroid
therapy for long periods of time who developed cortico-
steroid-induced osteoporosis. In a group of 36 patients with
corticosteroid-induced osteoporosis, Stellon and colleagues®3
showed that bone pain, plasma calcium and creatinine values
decreased in the treated group and, contrary to what was
observed in the control group, new vertebral fractures were
not detected in the group receiving OHC (Table 4).

The role that cortical bone may play in bone quality and
fracture risk is increasingly considered. Pathological cortical
bone resorption is characteristic of malabsorption syndromes,
chronic renal tubular acidosis, physical inactivity and primary
biliary cirrhosis. In this way, Epstein and colleagues*} dem-
onstrated a positive effect of OHC in the prevention of corti-
cal bone thinning in postmenopausal women with primary
biliary cirrhosis. These authors also showed that vitamin D
alone did not prevent the loss of cortical bone, and that the
absorption of calcium was greater when OHC was adminis-
tered instead of calcium carbonate. An additional advantage
of OHC in situations with salt retention such as cirrhosis is
the low sodium content of this complex compared to other
calcium salts*3. The effects of OHC on cortical bone are not
related to the stimulation of bone formation but rather to a
reduction in bone resorption. However, the exact mechanism
of action is unknown?3243,

OHC has also been studied in congenital defects of bone
formation. Dent and Davies*® evaluated the effect of the
combination of OHC microcrystals and dihydrotachysterol
in patients with imperfect osteogenesis. The positive calcium
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balance observed was probably related to a better mineral
absorption because of the presence of amino acids such as
proline in the composition of OHC (Table 4).

OHC in the treatment and healing of fractures

Bone fractures are one of the most common causes of pro-
longed disability and loss of work for young people and of
mortality in older patients?2. Fracture healing inevitably
takes time, and therefore the speed of healing and functional
recovery are of great clinical and economic importance®?.

It is well known that the bone matrix contains substances
that may regulate bone formation iz vitro by controlling pre-
cursors of mitosis and stimulating osteoblastic activity?3, and
experimental studies have shown that treatment with OHC
results in accelerated fracture healing. However, this beneficial
effect of OHC on the healing process of bone is lost when
the organic components of the compound are destroyed or
when OHC is replaced by pure calcium carbonate??. These
data strongly suggest that the organic components of OHC
have osteogenic effects.

New indications for the use of OHC in trauma lesions have
recently been suggested, particularly in the treatment of severe
skeletal lesions?*2¢, OHC has been demonstrated to reduce
the rate of bone resorption and to stimulate ossification?427>51,
The administration of OHC as monotherapy in patients with
both single and multiple bone fractures has shown a 1-4-week
reduction in the time needed to heal fractures by stimulating
callus formation and thereby accelerating consolidation and
clinical improvement?425:28:44.51,54 Finally, the use of OHC in
patients with bone fractures and complications in regenera-
tive osteogenesis has been associated with pain relief and the
activation of anabolic processes that result in an increase in
bone mass?42%-30,

Use of OHC during pregnancy

OHC has also been used in pregnant women, proving to be
effective in different complaints and safe3’*5-%5-57, In one
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study, OHC was given to 170 women with abdominal, pelvic,
back and lumbosacral pain, paresthesias, alopecia, onychor-
rhexis and odontopathies throughout the pregnancy and post-
partum period3!. Most of the women receiving OHC showed
a reduction or elimination of bone pain, with no further alo-
pecia and onychorrhexis.

OHC was used in another study*® for a period of 1 month
in 20 pregnant women at 28-40 weeks’ gestation with
pain syndrome in the long bones, lumbosacral region and
disturbed dental status, with a considerable clinical improve-
ment of pain syndrome and dental status at the end of the
treatment.

Finally, an improvement in muscular complaints has been
observed in up to 77% of patients with functional muscle
disorders related to pregnancy’’. The positive therapeutic
effect, easy way of administration, its good tolerance and
lack of side-effects make it convenient for treatment of
disturbances in calcium-phosphorus balance in pregnant
women.

CONCLUSIONS

OHC has been demonstrated to be useful in different clini-
cal situations in which bone metabolism is compromised
such as in primary and secondary osteoporosis and osteo-
genesis imperfecta, mineral deficiency and increased mineral
requirements (pregnancy, lactation, elderly patients), and
fractures in the elderly. Finally, it is of note that OHC has
been shown to be more effective than calcium carbonate in
maintaining bone mineral density in postmenopausal women
and that, when used with other antiresorptive agents, treat-
ment outcomes improve.
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