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Unraveling the Intricate
Interplay of Bone Metabolism
and Osteoimmunology

The Impact of lon-Induction Therapy (IIT)
on Metabolic Health

Bone metabolism and osteoimmunology are
captivating fields that explore the complex
interactions between bone health and
immune responses. The human skeletal sys-
tem provides structural support, protection,
and facilitates mobility. Maintaining bone
health relies on a delicate equilibrium bet-
ween bone formation and resorption. Osteo-
immunology investigates the dynamic inter-
actions between bone cells and immune cells,
revealing the profound influence of the
immune system on bone metabolism. Recent
advancements in medical technology have led
to the emergence of lon-Induction Therapy
(IIT), also known as high-intensity Pulsed Elec-
tromagnetic Field (PEMF) therapy, as a non-
invasive approach with potential effects on

bone health and the immune system. In this
comprehensive article, we delve into the fun-
damental aspects of bone metabolism and
osteoimmunology and explore the potential
impact of IT on these intricate processes.

Bone Metabolism: The Complex Dance of
Formation, Resorption, and Remodeling
Bone metabolism is a dynamic process involv-
ing a continuous cycle of bone formation,
resorption, and remodeling. Osteoblasts are
specialized bone-forming cells responsible
for synthesizing organic matrix components
like collagen and promoting mineralization
with calcium and phosphate. Conversely,
osteoclasts, derived from hematopoietic pre-
cursors, are essential for bone resorption,
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Figure 1: Osteoimmunology of periodon-
tal disease. During periodontitis, the
immune response induced by the dysbi-
otic microbiota enhances the production
of local RANKL



CM CAUSAMEDIC - Hybrid Journal & Specialist Body for Functional-Integrative Medicine

Figure 2: Higher osseointegration after use of IV-Ozone and papimi IIT by increasing bone metabolism

breaking down bone tissue and releasing minerals into
the bloodstream. The process of bone remodeling
ensures bone strength and integrity by balancing bone
formation and resorption. The regulation of bone
metabolism is orchestrated by a network of signaling
pathways and molecules, including receptor activator
of nuclear factor-kappa B ligand (RANKL), osteoprote-
gerin (OPG), bone morphogenetic proteins (BMPs), and
transforming growth factor-beta (TGF-B). These mole-
cules govern osteoblast and osteoclast differentiation,
activity, and survival, thereby finely tuning the bone
remodeling process.

Osteoimmunology: The Intricate Interplay

between Bone and Immune System
Osteoimmunology uncovers the multifaceted crosstalk
between bone cells and immune cells, highlighting the
influence of immune responses on bone metabolism.
Immune cells, including T cells, B cells, and macropha-
ges, produce cytokines that significantly impact osteo-
clast and osteoblast activity. For instance, T cells can
produce RANKL, a critical stimulator of osteoclast for-
mation, and OPG, a decoy receptor that inhibits RANKL's
activity, thereby balancing bone resorption. Conversely,
bone cells, especially osteoblasts and osteocytes, pro-
duce immune mediators such as RANKL, OPG, and inter-
leukins (IL-6 and IL-7), which actively modulate immune

responses. This bidirectional interaction between bone
and immune cells shapes bone remodeling and influen-
ces immune function.

Chronic Inflammation: A Key Player in Bone
Metabolic Disorders

Chronicinflammation is a common underlying factor in
various bone-related disorders, including rheumatoid
arthritis and osteoporosis. Prolonged inflammatory
responses can lead to excessive bone resorption and
compromise bone health. Understanding the immuno-
logical basis of bone disorders offers potential thera-
peutic interventions. Inflammatory cytokines produced
during chronic inflammation, such as interleukin-1 (IL-
1), tumor necrosis factor-alpha (TNF-a), and interleu-
kin-6 (IL-6), have been shown to stimulate osteoclast
activity, leading to bone loss. Additionally, chronic
inflammation can disrupt the balance between RANKL
and OPG, favoring bone resorption over formation.
Moreover, the inflammatory milieu promotes the differ-
entiation of immune cells towards pro-inflammatory
phenotypes, contributing to the vicious cycle of inflam-
mation-induced bone loss.
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Figure 3: papimi lIT at MAHA clinic

lon-Induction-Therapy (IIT) - Unraveling Its Impact
on Bone Metabolism and Osteoimmunology
lon-Induction Therapy (lIT), or high-intensity PEMF the-
rapy, is an innovative non-invasive intervention that uti-
lizes electromagnetic fields to stimulate cellular acti-
vity. IIT has garnered attention for its potential effects
on bone health. Numerous preclinical studies and clini-
cal trials have explored the effects of IIT on bone meta-
bolism, with promising results. The application of PEMF
has been shown to enhance osteoblast proliferation
and activity, increasing the synthesis of collagen and
bone matrix proteins, such as osteocalcin and osteo-
pontin. This suggests that lIT may promote bone forma-
tion, making it a potential therapeutic option for condi-
tions characterized by impaired bone healing or low
bone density.

As | have seen this effect manifest in my patients resul-
tinginincreased osseointegration of zirconiumimplants,
I am now conducting a pilot study with a specific IIT pro-
tocol I have designed for this purpose. The preliminary
results show that when using IIT and IV-Ozone, as | do at
my clinic, the values of osseointegration (Osstell ISQ
scale) reach an average value of 72 after 16 weeks post-
op. Comparing this to the study by Vladimir Kokovic et
al, which reached an average value of 64 implant stabi-
lity with the same type of implant, we can see a clear
advantage implementing such methods. For your

reference: 1SQ scores higher than 70 are considered
high stability, between 60-69 is considered medium sta-
bility and < 60 ISQ is considered as low stability.

Research indicates that IIT can enhance osteoblast acti-
vity, thereby promoting bone formation. PEMF exposure
has been shown to upregulate the expression of bone
morphogenetic proteins (BMPs), stimulate osteoblast
proliferation, and increase the deposition of calcium
and collagen in the extracellular matrix. These findings
suggest the potential of IIT in supporting bone healing
and regeneration.

IIT may also influence osteoclast activity, impacting
bone resorption. Studies suggest that PEMF therapy
may reduce osteoclast differentiation and resorption,
potentially contributing to bone preservation in condi-
tions such as osteoporosis.

IIT’s immune modulatory effects hold significant impli-
cations for osteoimmunology. PEMF therapy has been
reported to reduce inflammation by inhibiting pro-in-
flammatory cytokines (such as IL-18 and TNF-a) and
promoting anti-inflammatory mediators (such as IL-10).
This immunomodulatory effect may indirectly influence
bone metabolism, potentially benefiting individuals
with inflammatory bone disorders.
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Figure 4: Immune response and bone crosstalk during temporomandibular joint osteoarthritis

The integration of IIT into osteoimmunology research
opens up exciting possibilities for therapeutic applica-
tions. The potential of IIT in alleviating symptoms and
promoting bone health in conditions like rheumatoid
arthritis, osteoporosis, and bone fractures warrants
further investigation. However, it is essential to consi-
der individual variability in response to lIT and optimize
treatment protocols accordingly.

Recent research has shed light on the impact of IT on
the intricate interplay between bone and immune res-
ponses. PEMF therapy has been associated with modu-
lating the differentiation and function of immune cells.
Studies suggest that PEMF may promote an anti-inflam-
matory immune phenotype, reducing the production of
pro-inflammatory cytokines and enhancing the secre-
tion of anti-inflammatory mediators. Additionally, IIT
has been reported to influence the expression of
RANKL and OPG, key regulators of osteoclast activity.
This suggests that IIT may indirectly affect bone meta-
bolism through itsimmunomodulatory properties, pro-
viding a new perspective on how electromagnetic fields
can influence bone health.

Temporomandibular joint osteoarthritis (TMJ-OA) is a
chronic condition affecting the jaw joint and its sur-
rounding tissues. It is characterized by progressive car-
tilage degradation, subchondral bone remodeling, and

synovial inflammation. Osteoimmunology plays a cru-
cial role in the pathogenesis of TMJ-OA, with immune
cells and cytokines contributing to the inflammatory
microenvironment within the joint. Osteoclast-media-
ted subchondral bone resorption and the dysregulation
of osteoblast activity contribute to the structural chan-
ges observed in TMJ-OA.

Given the potential of IIT to influence immune res-
ponses and bone metabolism, it presents an intriguing
therapeutic option for TMJ-OA. PEMF therapy’s immu-
nomodulatory effects may help mitigate the inflamma-
tory cascade within the temporomandibular joint, redu-
cing the secretion of pro-inflammatory cytokines and
promoting anti-inflammatory mediators. Additionally,
[IT’s impact on osteoblast and osteoclast activity may
contribute to restoring bone homeostasis in TMJ-OA.

Although research on IIT and TMJ-OA is still in its
infancy, some studies have explored the potential of
PEMF therapy in managing TMJ-OA symptoms. Clinical
trials evaluating the effects of IIT on pain, joint function,
and bone density in TMJ-OA patients have shown pro-
mising results. PEMF therapy has been associated with
reduced pain intensity, improved jaw function, and
enhanced bone density in the affected joint.



Conclusion

The intricate interplay between bone metabolism and
osteoimmunology offers exciting insights into bone
health and disease. The emerging field of lon-Induction
Therapy (IIT) or PEMF therapy shows promise ininfluen-
cing bone metabolism and immune responses. By
understanding the interconnections between bone and
the immune system, innovative therapeutic approaches
for bone-related disorders can be explored. The ongo-
ing research into IIT’s impact on bone health, particu-
larly in the context of TMJ-OA, offers hope for individu-
als seeking alternative treatments and a more compre-
hensive understanding of the body’s holistic well-being.
As the scientific community delves deeper into this
fascinating realm, we anticipate groundbreaking
advancements that will revolutionize bone health and
metabolic well-being. By bridging the gap between

bone metabolism, immune responses, and the poten-
tial of IIT, we unlock new possibilities for promoting
optimal health and well-being for individuals of all
ages. As we continue to uncover the mysteries of bone
health and the immune system, we move closer to per-
sonalized and integrative therapies that will transform
the landscape of bone-related disorders and metabolic
health. The potential of IIT as a modality for bone
health and its implications for osteoimmunology open
doors to a new era of non-invasive, holistic approaches
for managing bone disorders and optimizing metabolic
well-being. As research continues to progress, we look
forward to a future where the synergy between bone
metabolism, immune responses, and IIT offers a new
frontier in regenerative medicine and enhanced quality
of life for millions of people worldwide.
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