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Abstract

Introduction: The process of wound healing after oral surgery is a complex biological

phenomenon influenced by multiple factors, including proper nutrition. Nutrients, both micro-

and macronutrients, play a crucial role in oral tissue regeneration by supporting collagen

synthesis, cell proliferation, and modulation of inflammation. Vitamins, minerals, and an

adequate intake of proteins, fats, and carbohydrates can accelerate the healing process and

reduce the risk of complications. The aim of this study is to analyze the available literature on

the impact of diet on regenerative processes in the oral cavity, with a particular focus on the

role of micro- and macronutrients, as well as the microbiota, and to determine optimal dietary

recommendations for patients undergoing oral surgical procedures.

Material and Methods: For a detailed analysis of the role of micro- and macronutrients in

the wound healing processes following oral surgery, studies on the impact of oral microbiota

on inflammatory processes and the effectiveness of diets supporting tissue regeneration were

also considered.

Description of the state of knowledge: Existing research indicates that diet plays a key role

in the wound healing process after oral surgery, affecting collagen synthesis, cell proliferation,
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and the modulation of the inflammatory response. Micronutrients such as vitamins A, C, and

D, as well as zinc and iron, support tissue regeneration and immune system function, while

macronutrients—proteins, fats, and carbohydrates—provide essential energy and structural

substrates. Another significant aspect is the influence of diet on oral microbiota, whose

balance can either promote or hinder regeneration. A diet rich in prebiotics and probiotics

supports beneficial microorganisms, whereas an excess of simple sugars and trans fats may

contribute to inflammation. Increasing attention is also being paid to the impact of restrictive

diets, such as the ketogenic diet, which can modify metabolism and the body's regenerative

capacities, although their effects require further investigation.

Conclusions: Proper nutrition supports wound healing after oral surgical procedures by

influencing tissue regeneration, inflammation control, and immunity. Key factors include

micro- and macronutrients such as vitamins, minerals, proteins, and fatty acids, as well as the

balance of oral microbiota. A diet rich in prebiotics and probiotics promotes regeneration,

while excessive intake of simple sugars and trans fats may hinder it. Although restrictive diets,

such as the ketogenic diet, are gaining interest, their impact on the healing process requires

further research. A well-balanced diet can effectively support post-surgical recovery in oral

surgery patients.

Key words: diet, wound healing, oral surgery, micronutrients, macronutrients, tissue

regeneration, oral health

Introduction

The process of tissue regeneration following oral surgical procedures is a complex biological

mechanism influenced by various factors, including the patient’s health status, the type of

procedure performed, coexisting diseases, and environmental conditions [1,2].

A well-balanced diet providing essential micro- and macronutrients is a key element in

supporting wound healing [3–6]. These nutrients, including proteins, vitamins, minerals, and

fatty acids, play a crucial role in collagen synthesis, cell proliferation, angiogenesis, and

inflammation control, directly impacting the speed and quality of the repair process [5].In oral

surgery, wound healing occurs in an environment constantly exposed to microorganisms and

variable physiological conditions, such as salivary pH and mechanical stress [1,5,7]. Adequate
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intake of essential nutrients not only supports tissue regeneration but also helps reduce the

risk of infections and postoperative complications [5,7]. Micronutrients, such as vitamins C

and D, zinc, and iron, are particularly important in this process, as they contribute to tissue

repair and the proper functioning of the immune system [4,5,7–10]. Meanwhile,

macronutrients—including proteins, fats, and carbohydrates—serve not only as an energy

source but also provide the structural components necessary for rebuilding damaged

biological structures [5,7]. Diet also has a significant impact on the oral microbiome, which

plays a crucial role in maintaining mucosal health and local immunity [5,7]. The consumption

of prebiotics and probiotics can promote the growth of beneficial microorganisms, reducing

the risk of infections and inflammatory conditions [5,7]. Conversely, excessive intake of

simple sugars, trans fats, and a diet low in fiber and antioxidants contribute to dysbiosis,

which may negatively affect the wound healing process [7,11]. In recent years, increasing

attention has been given to restrictive diets, such as the ketogenic or elimination diet, which

may influence metabolism and the body's ability to regenerate tissues effectively [7,12]. The

aim of this study is to analyze the available literature on the role of diet in the wound healing

process following oral surgery, with particular emphasis on micro- and macronutrients and

their impact on the oral microbiome. A review of the research will help define optimal dietary

recommendations for patients undergoing surgical interventions and identify potential risks

associated with improper nutrition.

Material and methods

A literature review was conducted based on scientific articles from the PubMed and

ResearchGate databases, published between 2014 and 2025. The analysis included clinical

studies and systematic reviews on the role of micro- and macronutrients in the wound healing

process following oral surgery. Studies examining the influence of oral microbiota on

inflammatory processes and the effectiveness of diets supporting tissue regeneration were also

considered. The literature search was performed using specific keywords, such as diet, wound

healing, oral surgery, micronutrients, macronutrients, tissue regeneration, and oral health.

Description of the state of knowledge

The wound healing process following surgical procedures in the oral cavity is influenced by

multiple factors, including the adequate supply of essential nutrients [5,13]. Both micro- and

macronutrients play a crucial role in tissue regeneration by participating in collagen synthesis,
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angiogenesis, and the regulation of inflammatory responses [5]. Additionally, dietary habits

impact the oral microbiome, which can either support or disrupt reparative processes [5,7,14].

The role of microelements in oral tissue regeneration

Vitamins and minerals are essential components that play a crucial role in the wound healing

process by regulating the inflammatory response, stimulating collagen synthesis, supporting

cell proliferation, and modulating the immune system [5–7,10].

Vitamin A supports epithelial cell proliferation and proper immune function [5]. It

participates in epithelialization, collagen biosynthesis, and the formation of new connective

tissue [5,15]. A deficiency of this vitamin can lead to delayed wound regeneration and a

weakened immune barrier, increasing the risk of infections. Moreover, vitamin A

supplementation may counteract the negative effects of corticosteroid therapy, which impairs

the body's repair processes [5,7,15].

B vitamins act as cofactors in numerous enzymatic reactions related to cellular metabolism,

fibroblast proliferation, and leukocyte function [5,7].

Vitamin Function

Vitamin B1 (Thiamine) Supports cellular energy metabolism involved in the

healing process.

Vitamin B2 (Riboflavin) Influences cell migration and differentiation as well

as collagen synthesis.

Vitamin B6 (Pyridoxine) Participates in amino acid metabolism necessary for

tissue regeneration.

Vitamin B9 (Folic Acid) Supports cell proliferation and DNA synthesis. A

deficiency is associated with an increased risk of oral

inflammation.

Vitamin B12 (Cobalamin) Involved in red blood cell production and protein

synthesis, which are crucial for proper wound

vascularization.

Table 1. The role of B vitamins in the human body [5,7,16].

https://www.zotero.org/google-docs/?4Pr070
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Vitamin C plays a fundamental role in the entire tissue regeneration process, from the

initiation of the inflammatory response and cell proliferation to the structural reconstruction

of damaged tissues [7,17]. Ascorbic acid is essential for collagen production, a key

component of the extracellular matrix and connective tissue [7]. It supports the activity of

enzymes responsible for collagen fiber stabilization, enhancing their mechanical strength

[7,18]. An insufficient amount of vitamin C results in weakened collagen structure, leading to

poorer scar quality and prolonged healing time [7,19].As a powerful antioxidant, vitamin C

neutralizes harmful reactive oxygen species (ROS), which can cause oxidative stress in the

wound area [7,20,21]. It also regulates pro-inflammatory cytokines, promoting a faster

transition to the reparative phase [7]. Moreover, vitamin C facilitates angiogenesis by

stimulating endothelial cell proliferation, thereby improving oxygen and nutrient supply to

regenerating tissues [7]. It also enhances fibroblast migration, contributing to more efficient

tissue repair [7].Topical applications of vitamin C, such as gels or coatings on dental implants,

may support implant integration with bone and aid periodontal regeneration [7,9]. In smokers,

who are more susceptible to oxidative stress and oral tissue degeneration, vitamin C

supplementation may help reduce tissue damage and improve repair processes [7].

Vitamin D plays a multifunctional role in regenerative processes, affecting the immune

system, mineral metabolism, and the proliferation of epithelial and bone cells [7]. It exhibits

immunomodulatory effects by activating macrophages and monocytes while simultaneously

reducing excessive production of pro-inflammatory cytokines, such as TNF-α and IL-6, which

may contribute to chronic inflammation and delayed healing [7,8]. Another critical function

of vitamin D is its role in angiogenesis through the regulation of vascular endothelial growth

factor (VEGF) expression, which improves blood supply and accelerates the restoration of

damaged structures. This mechanism is particularly important in implantology and alveolar

bone reconstruction procedures [7,22]. Vitamin D also regulates the intestinal absorption of

calcium and phosphorus, maintaining their optimal levels in the body, which is essential for

proper bone and tooth mineralization [7,22]. A deficiency in vitamin D weakens bone

structure and increases the risk of bone resorption, potentially impairing proper dental implant

integration [6–8]. Additionally, low vitamin D levels have been associated with more severe

periodontal diseases and an increased susceptibility to bacterial infections, negatively

affecting overall oral health [7,23].

https://www.zotero.org/google-docs/?c6WYqK
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Vitamin E functions primarily as an antioxidant, protecting cell membranes from oxidative

damage [7]. However, its role in tissue regeneration remains unclear—some studies suggest

that it may reduce inflammation and minimize scar formation, while others have not

demonstrated a significant impact on repair processes [7,24].

Vitamin K is crucial in blood coagulation mechanisms, which is particularly important in the

initial phases of wound healing [7]. A deficiency in this vitamin can lead to prolonged

bleeding time and an increased risk of postoperative complications [7,23].

The role of minerals in oral tissue regeneration

Minerals are a key element in the process of tissue reconstruction after surgical interventions

in the oral cavity. Their role includes influencing blood clotting, cell proliferation,

inflammation regulation, and bone mineralization [7,17]. Iron is particularly significant, as it

is a component of hemoglobin responsible for oxygen transport to regenerating tissues [7,25].

Deficiencies of this element can lead to hypoxia, weakened collagen synthesis, and prolonged

healing time [7,17,25]. Additionally, iron participates in the activation of enzymes that

stabilize the extracellular matrix, which affects proper connective tissue regeneration [7,25].

Zinc also plays a crucial role in the healing process by supporting fibroblast proliferation,

DNA and RNA synthesis, and regulating immune response [7,25,26]. It is involved in

activating macrophages and neutrophils, facilitating the removal of dead cells and pathogens

from the wound site [7,25,26]. Zinc deficiency can impair the body's defense mechanisms,

increasing susceptibility to infections and slowing down tissue regeneration [7,17,25,26].

Calcium is essential for blood clotting mechanisms and the activation of growth factors

responsible for angiogenesis and fibroblast migration [7,22,27]. It supports the proliferation of

epithelial cells and fibroblasts, contributing to effective tissue repair [7,13,22,28]. Magnesium

also plays an important role in regeneration by stabilizing cell membranes, supporting

mitochondrial function, and participating in the regulation of inflammatory responses [7].

Magnesium deficiency can lead to excessive secretion of pro-inflammatory cytokines,

resulting in prolonged inflammation and delayed healing [7].

Phosphorus, as a key element of cellular metabolism, is involved in ATP synthesis, which

provides energy for intensive regenerative processes [7,27,29]. Its role in bone and tooth

mineralization is particularly significant after extractions and implant procedures [7,29].

https://www.zotero.org/google-docs/?FYcwlb
https://www.zotero.org/google-docs/?CQ8pn0
https://www.zotero.org/google-docs/?oKSHOm
https://www.zotero.org/google-docs/?Y3LYqT
https://www.zotero.org/google-docs/?8Zib4C
https://www.zotero.org/google-docs/?41TUIa
https://www.zotero.org/google-docs/?vNs5Be
https://www.zotero.org/google-docs/?kWHPbt
https://www.zotero.org/google-docs/?yttWiD
https://www.zotero.org/google-docs/?OcX2BN
https://www.zotero.org/google-docs/?DobTYo
https://www.zotero.org/google-docs/?t4rMq8
https://www.zotero.org/google-docs/?TM2iXZ
https://www.zotero.org/google-docs/?qH16r2
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Adequate intake of this element supports bone tissue reconstruction, potentially shortening

recovery time and improving surgical treatment outcomes [7,27,29].

The role of macronutrients in oral tissue regeneration

Macronutrients such as proteins, fats, and carbohydrates play a fundamental role in the

regenerative processes following oral surgery. They provide both energy and essential

building materials needed for the reconstruction of damaged tissues. Adequate intake of these

nutrients can accelerate repair processes and reduce the risk of complications [1,30].

Proteins and their importance in tissue regeneration

Proteins are a primary structural component of newly forming tissues and are essential at

every stage of wound healing. In the body, they break down into amino acids, which are then

used in the synthesis of collagen, elastin, and other proteins forming the extracellular matrix

[10,12,31]. Proline and glycine are particularly important for regeneration as key amino acids

in collagen synthesis, which ensures the stability and elasticity of newly formed tissue

[31,32].Arginine is another crucial amino acid involved in the synthesis of nitric oxide, a

substance that promotes angiogenesis—the formation of new blood vessels. It also supports

fibroblast and epithelial cell proliferation, significantly accelerating wound healing [10,31,32].

Glutamine, on the other hand, plays an immunomodulatory and antioxidant role, stabilizing

cell membranes and protecting them from oxidative stress [10,31,32]. Insufficient protein

intake can slow down regeneration, weaken the structure of newly formed tissues, and

increase the risk of infections [31].

Fats as regulators of inflammatory and structural processes

Fats play a vital role in tissue regeneration by providing energy and serving as key

components of cell membranes [33]. Omega-3 and omega-6 fatty acids are particularly

important as they influence the body's inflammatory response [34]. Omega-3 fatty acids,

found in fish and plant oils, have anti-inflammatory properties and support the synthesis of

lipid mediators such as resolvins and protectins, accelerating the healing process [33].

Omega-6 fatty acids, though often considered pro-inflammatory, are crucial in the early phase

of wound healing by supporting the production of prostaglandins and leukotrienes [33]. The

https://www.zotero.org/google-docs/?tI5z6j
https://www.zotero.org/google-docs/?XOOqtq
https://www.zotero.org/google-docs/?j0AVrN
https://www.zotero.org/google-docs/?SoL6bn
https://www.zotero.org/google-docs/?DbuVTe
https://www.zotero.org/google-docs/?0CClar
https://www.zotero.org/google-docs/?3zcbrJ
https://www.zotero.org/google-docs/?8OrmQG
https://www.zotero.org/google-docs/?Lh7WEk
https://www.zotero.org/google-docs/?kkvVhX
https://www.zotero.org/google-docs/?p6BrD8
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right balance between omega-3 and omega-6 fatty acids can contribute to more effective

healing by minimizing excessive inflammation while maintaining proper immune defense

mechanisms [34]. Excessive consumption of saturated fats, commonly found in highly

processed foods and animal products, may negatively impact tissue regeneration. High intake

of these fats promotes chronic inflammation and increases the production of cytokines such as

TNF-α and IL-6, potentially slowing down repair processes [35].

The ketogenic diet, characterized by minimal carbohydrate intake and high fat consumption,

was initially developed as a treatment for drug-resistant epilepsy but has gained popularity

due to its benefits in weight loss and blood glucose control [7,36,37]. However, significant

carbohydrate restriction may negatively affect cells involved in regeneration, particularly

fibroblasts, which rely on glucose as their primary energy source [36,37]. Glucose deficiency

leads to reduced activity of the pentose phosphate pathway, resulting in lower NADPH

production—an essential factor in oxidative stress neutralization and collagen synthesis [36–

38].The state of ketosis, in which the body uses ketones as its main energy source, can have

both positive and negative effects on healing [36,37]. Ketones exhibit certain

immunomodulatory properties, but in some cases, they can increase the production of pro-

inflammatory cytokines such as IL-6 and TNF-α, prolonging tissue regeneration time [36–38].

Additionally, the high saturated fat content in the ketogenic diet has been linked to increased

chronic inflammation, which may inhibit angiogenesis and epithelial regeneration [36,38].

Studies on animal models indicate that a ketogenic diet may also negatively affect the oral

microbiome and salivary gland function [12,36]. In animals consuming a high-fat diet,

degenerative changes were observed in the submandibular glands and reduced saliva

production, potentially disrupting the oral microbiome balance and increasing the risk of

infections [12,36]. Furthermore, wound closure was slower in ketogenic diet groups compared

to control groups, suggesting that carbohydrate restriction and high fat intake may impair

fibroblast proliferation and the quality of newly formed tissue. While the ketogenic diet offers

certain metabolic benefits, its impact on regenerative processes still requires further research.

Limiting glucose intake and consuming high amounts of fats may affect the body's ability to

repair tissues, especially in the context of post-surgical oral wound healing [7,12,36,39].

Carbohydrates as an energy source for regenerative processes

Carbohydrates play a crucial role as the primary energy source for cells involved in wound

healing [40,41]. An adequate carbohydrate intake supports fibroblast proliferation, enhances

https://www.zotero.org/google-docs/?ynUNop
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https://www.zotero.org/google-docs/?0t2drl
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leukocyte activity, and stimulates the production of growth factors, including insulin, which is

essential for the proliferative phase of healing [32,40].The distinction between simple and

complex carbohydrates significantly influences repair processes [40,41]. Excessive intake of

simple sugars can cause hyperglycemia, leading to impaired granulocyte function and

increased inflammation [41]. Conversely, complex carbohydrates such as fiber and starch

support the gut microbiome and stabilize blood glucose levels, facilitating better regulation of

regenerative mechanisms [11]. A fiber-rich diet may further accelerate healing by influencing

gut flora and its metabolites, such as short-chain fatty acids (SCFAs), which have anti-

inflammatory effects and stimulate fibroblast and keratinocyte proliferation [11,40]. Animal

studies suggest that increased fiber intake accelerates wound closure and enhances the

production of cytokines responsible for angiogenesis and collagen synthesis [40].

Diet and oral microbiota composition

The oral microbiome plays a crucial role in maintaining biological balance and supporting

tissue repair processes [42]. It consists of hundreds of bacterial, fungal, and viral species that

form a complex community colonizing the mucous membranes, teeth, and tongue [43]. A

well-balanced diet promotes the maintenance of a healthy microbiota, whereas unfavorable

dietary habits can lead to dysbiosis, resulting in increased inflammation and slower tissue

regeneration [44]. A high intake of simple sugars promotes the proliferation of cariogenic

bacteria such as Streptococcus mutans and Lactobacillus, which contribute to dental caries

and gingival inflammation [44]. Excessive consumption of simple carbohydrates facilitates

bacterial biofilm accumulation and excessive acid production, accelerating enamel

demineralization and weakening tooth structure [45]. In contrast, a diet rich in polyphenols,

found in products such as green tea, cocoa, red wine, and fruits, exhibits anti-inflammatory

and bacteriostatic properties [46]. Studies suggest that these compounds may inhibit the

growth of pathogenic microorganisms by preventing biofilm formation and modulating

cytokine activity associated with inflammation [47]. Regular consumption of polyphenol-rich

foods may contribute to improved oral health by reducing inflammation and lowering the risk

of periodontal disease [48]. Another factor supporting oral microbiome health is the presence

of probiotics and prebiotics in the diet [49,50]. Strains such as Lactobacillus reuteri,

Lactobacillus brevis, and Streptococcus salivarius may inhibit the growth of pathogenic

microorganisms, reducing the risk of gingival inflammation and fungal infections [45,50].

Studies have shown that probiotic supplementation or the regular intake of fermented foods
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may restore the balance of the oral microbiota, thereby promoting regenerative processes

following dental procedures [50,51]. Restrictive diets, such as the ketogenic diet, may

negatively impact the oral microbiome by altering bacterial composition [37,52,53]. Reducing

carbohydrate intake while increasing fat consumption can lead to an overgrowth of

Streptococcus species and a decline in nitrate-reducing microorganisms such as Haemophilus,

Prevotella, and Neisseria [52]. Disruptions in these processes may have consequences for

nitric oxide metabolism, blood pressure regulation, and indirectly affect tissue regeneration

rates and mucosal health [37,48,52].

Conclusions

Proper nutrition plays a key role in the wound healing process following oral surgical

procedures. Adequate intake of micro- and macronutrients supports tissue repair, regulates

inflammatory responses, and contributes to efficient collagen synthesis. Vitamins A, C, and D,

along with minerals such as zinc, calcium, and iron, are essential for immune function,

angiogenesis, and bone regeneration. Deficiencies in these nutrients may slow healing and

increase infection risk. Macronutrients, including proteins and omega-3 fatty acids, promote

cellular regeneration, while carbohydrates provide the necessary energy for reparative

processes.Diet also significantly influences the oral microbiome, which can either support or

hinder tissue healing. The inclusion of prebiotics and probiotics in the diet may foster the

growth of beneficial microbiota and reduce the risk of inflammation. Conversely, excessive

consumption of simple sugars can lead to dysbiosis, negatively affecting oral health. Certain

dietary patterns, such as the ketogenic diet, may alter microbiota composition and slow tissue

regeneration. However, further research is needed to better understand the long-term effects

of the ketogenic and other restrictive diets on tissue repair and overall oral health.
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