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Abstract

Each year, millions of surgical procedures are performed worldwide. When complications or delayed
healing occur, they are typically attributed to infection, patient age, or technical factors. Yet surgery is
fundamentally a controlled biological injury. Recovery depends not only on surgical skill, but on the
patient's systemic biochemical terrain - including redox balance, micronutrient status, endothelial
function, metabolic control, and coagulation physiology.

Dental implant osseointegration provides a uniquely visible model of this principle. Integration failure
often reflects impaired bone biology in addition to mechanical considerations. This article reviews key
orthomolecular determinants of surgical healing and proposes a systems-based framework for pre-
and post-operative optimization.

The Overlooked Variable in Surgery

Surgery initiates:

Acute oxidative burst
Inflammatory cascade activation
Coagulation pathway activation
Endothelial perturbation
Collagen matrix remodeling
Increased mitochondrial ATP demand
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Healing is therefore a redox-regulated, nutrient-dependent biological process - not merely a technical
event.

Excess oxidative stress impairs fibroblast function, collagen deposition, angiogenesis, and osteoblast
activity [1, 2]. At the same time, physiologic redox signaling is essential for repair. The critical question
is whether the patient possesses sufficient reduction capacity to resolve the oxidative burden.

A Widespread Terrain Problem

Systemic insufficiency is common:

Vitamin D insufficiency (commonly defined as serum 25(OH)D < 30 ng/mL) affects an
estimated 50-80% of adults globally [3]. However, several investigators have proposed that
optimal physiological levels for immune and musculoskeletal health may lie in the range of 40-
60 ng/mL or higher [4-6]. Using such "optimal" thresholds, the proportion of adults with
suboptimal vitamin D status may approach 80-90% in some populations.
Magnesium intake is below recommended levels in a large proportion of Western
populations [7].
Over one-third of adults have prediabetes or diabetes, conditions known to impair wound
healing [8].

Early dental implant failure rates are typically reported between 2-10%, depending on patient risk
factors [9]. Many of these failures occur in the absence of obvious technical error.

These statistics suggest that surgical biology - not merely surgical technique - warrants closer
attention.

What Orthomolecular Medicine Adds to Surgery

Orthomolecular medicine focuses on restoring optimal concentrations of substances normally present
in the body. Surgical injury increases metabolic demand for:

Antioxidants
Collagen cofactors
Bone remodeling regulators
Mitochondrial nutrients

"Normal laboratory range" does not necessarily equal optimal healing physiology. Surgical stress may
unmask subclinical insufficiencies.



Vitamin C: Collagen and Structural Integrity

Vitamin C is required for:

Proline and lysine hydroxylation
Collagen cross-link stabilization
Endothelial integrity
Osteoblast differentiation

Deficiency impairs wound healing and increases bleeding risk [10-13].

In bone repair and implant osseointegration, collagen scaffold formation precedes mineralization.
Without adequate ascorbate, this scaffold is structurally compromised. Clinical data suggest vitamin C
supplementation may support bone healing and reduce postoperative oxidative stress [14].

Vitamin D: Osteoimmunology and Integration

Vitamin D regulates:

Osteoblast differentiation
Osteoclast signaling
Antimicrobial peptide production
Immune modulation

Low serum vitamin D has been associated with increased risk of early implant failure [15, 16].

Bone remodeling is hormonally and immunologically regulated. Vitamin D insufficiency disrupts
RANKL/OPG balance and delays bone matrix maturation.

Magnesium and Vitamin K2: Mineralization Quality

Bone is not simply calcium deposition. It requires:

Magnesium-dependent ATP for osteoblast activity
Vitamin K-dependent activation of osteocalcin and matrix Gla protein

Magnesium intake is suboptimal in a substantial proportion of the population. NHANES data indicate
that nearly half of Americans consume less than the required amount of magnesium from food, with
average intakes in women approximating 68% of the RDA [17]. Broader NHANES analyses also



demonstrate widespread inadequacy of nutrients essential for immune and connective tissue integrity,
including vitamins D, C, E, A, and zinc [18].

Subclinical magnesium depletion, reflected in higher Magnesium Depletion Scores, has been
associated with increased risk of metabolic and skeletal dysfunction [7]. Magnesium deficiency impairs
bone crystal formation and promotes inflammatory signaling [19]. Meanwhile, vitamin K-dependent
proteins guide proper mineralization and help prevent dysregulated calcification [20].

Glucose, Insulin Resistance, and Collagen Damage

Hyperglycemia impairs neutrophil function, collagen deposition, and angiogenesis. Advanced glycation
end-products (AGEs) stiffen collagen matrices and interfere with normal remodeling [21, 22]. Even
mild insulin resistance has been associated with delayed wound repair and impaired microvascular
function [23]. Perioperative glycemic optimization is therefore a systemic, not merely endocrinologic,
concern.

Emerging evidence suggests that dietary patterns that reduce glycemic variability and insulin
resistance may favorably influence inflammatory tone and endothelial function [24, 25]. Lower-
carbohydrate dietary approaches have been shown to improve postprandial glycemia, insulin
sensitivity, and markers of systemic inflammation [26]. From a systems perspective, perioperative
metabolic stabilization may be as important as micronutrient sufficiency.

Endothelial Function and Microcirculation

Healing requires:

Oxygen delivery
Capillary perfusion
Nitric oxide signaling

Endothelial dysfunction impairs angiogenesis and delays tissue repair [27].

Chronic inflammatory states are associated with hypercoagulability and microcirculatory
disturbance [28]. Impaired microperfusion may compromise surgical sites, including dental implant
beds.

Dental Implants: A Visible Model of Systems Biology



Osseointegration requires:

1. Collagen scaffold formation
2. Osteoblast activation
3. Controlled inflammatory signaling
4. Adequate microvascular perfusion
5. Balanced mineral deposition

Each process is systemically regulated.

Implant failure, delayed union, dry socket, or graft compromise may in some cases reflect systemic
biological insufficiency in addition to technical factors. Integration success correlates with metabolic
health, smoking status, diabetes control, and vitamin D status [9, 15, 16].

Dentistry provides a measurable model of a broader surgical principle: the terrain influences the
outcome.

An Orthomolecular Surgical Optimization Framework

Pre-operative (2-4 weeks when feasible)

Assess vitamin D status
Optimize glycemic control
Replete vitamin C (divided dosing)
Ensure adequate magnesium and vitamin K intake
Address smoking and ultra-processed food intake
Support endothelial health

Post-operative (2-6 weeks)

Maintain antioxidant sufficiency
Support collagen synthesis
Ensure adequate protein intake
Monitor glucose control
Support microcirculatory function

This framework does not replace surgical technique. It optimizes the biological environment in which
that technique operates.

Toward a Systems-Based Surgical Paradigm



Modern medicine separates specialties: surgeons operate; internists manage metabolism. Yet biology
does not recognize these divisions.

If healing is biochemical, surgical outcomes are fundamentally systemic.

Dental implantology demonstrates that osseointegration is not merely a hardware issue - it is a living
bone biology outcome.

The future of biological dentistry - and surgery more broadly - lies in systemic terrain optimization.

The concepts discussed in this article will also be presented at the 2026 International Circle for
Biological Implantology (ICBI) Global Congress, scheduled for October 21-24 2026, in Zurich,
Switzerland (https://icbi-foundation.org).
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