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INTRODUCTION
It is well known that nutrition is intimately related to general wound healing, but what few dentists realize is the potential importance for considering nutritional intervention prior to dental surgical treatment. Intraoral surgeries are often invasive procedures that include anything from oral surgery and extractions to periodontal surgeries and implant placements. Bodies require specific vitamins and minerals to function properly and this paper aims to identify the relationship between dental wounds (periodontal surgeries, extractions, etc.) and the necessary nutrients to allow appropriate and complete healing. 
Wound healing is a complex process necessary for the body to appropriately respond to all types of assaults. In particular, the context of wound healing discussed here is any mucosal injury to oral structures including but not limited to iatrogenic related wounds, oral surgery, extractions, and periodontal surgery. There is evidence that many nutrients are required for wound healing and this paper aims to showcase those specifically involved, as well as provide clinical guidance for prophylactic supplementation as far as it is justifiable as well as provide cautions where supplementation may be harmful. Some nutrients require proactive involvement of the health professional and deficiencies in key nutrients and minerals can hinder normal wound healing. 
The process of wound healing involves four overlapping phases including hemostasis, inflammation, proliferation, and remodeling.13 Hemostasis is the initial stage in which there is a period of vascular vasoconstriction and clot formation. Next, inflammatory cells begin migrating toward the site of injury to allow macrophages and neutrophils to clear and engulf pathogens and debris. The inflammatory phase is often associated with pain, redness, and swelling. The proliferative phase involves epithelialization and granulation tissue formation at the wound site. The final step of wound healing is remodeling, which is characterized by reorganization of the extracellular matrix (ECM) as well as contraction of the wound. 

VITAL VITAMINS AND MINERALS FOR NORMAL WOUND HEALING
The nutritional status of an individual is a very important systemic factor controlling wound healing.21 The need for nutritional supplementation depends on a patient’s nutritional status. In addition, in some cases, wound healing creates demands above and beyond normal nutritional needs and some patients who are deficient will benefit from supplementation. However it needs to be acknowledged that some nutrients may undermine the wound healing process, and excess supplementation may be damaging. Therefore, this paper will look at these nutrients individually. This paper utilizes the National Academy recommendations for nutrients. They have assigned upper intake levels (UL) to prevent excessive supplementation, which are presented in Table 1.2

MACRONUTRIENTS 
Proteins and amino acids are the powerhouse building blocks involved in numerous physiological processes vital to life. A depletion of protein may delay proper wound healing by impairing fibroblast proliferation, collagen and proteoglycan synthesis, and angiogenesis.8 Without collagen, connective tissue strength, a major component of the wound healing process, will be at risk. The recommended supplemental dose is 2-4g/kg, as seen in Table 1.  


	Table 1: Vitamins and Minerals Associated with Wound Healing 

	
 
	RDA* 
	UL**
	Supplement dose/day***
	Likelihood of Deficiency in US population 
	Function

	Arginine
	
	
	
	Low for women and men 
	immune function, wound healing, vascular tone 

	Copper
	900 µg/d
	10,000 µg/d
	 
	Low for women and men 
	RBC production, lysyl oxidase (collagen formation) 

	Glutamine
	 
	 No recommended max dosage
	 
	Low for women and men 
	Major source of metabolic energy for rapidly proliferating cells 

	Iron
	18f; 
12m mg/d
	45 mg/d
	 
	High for women especially pregnant or menopausal and those with unusual blood loss, low for men
	Hydroxylation of proline and lysine 

	Proteins
	46f; 
56m g/d
	No recommended max dosage
	0.8g/kg body wt/day13
	Low for women and men 
	Enzymes, collagen, CT synthesis 

	Vitamin A
	2300f; 3000m IU 
	10,000 IU
	25,000IU13 
	High for patients with fat absorption disorders 
	Cell differentiation, epithelial repair 

	Vitamin C
	75f; 90m mg/d
	2000 mg/d
	1000-2000 mg/d13
	Low for women and men 
	Collagen synthesis 

	Vitamin D 
	15 µg/d
	100µg/d
	
	High for men and women
	Calcium homeostasis 

	Vitamin E
	15 mg/d 
	1000 mg/d
	166 mg4 
	High for premature infants and patients with malabsorption disorders 
	Cell membrane stability

	Zinc 
	8f; 
11m mg/d
	40 mg/d
	15-30 mg/d13
	High for pregnant women, elderly, vegans, alcoholics, diabetics, and those with HIV and/or sickle cell disease 
	RNA transcription, cell replication, collagen formation


Table 1 summarizes the recommended intakes for normal individuals, upper limits for normal individuals and the supplemental dose in the context of wound healing as needed.13,16,18
* RDAs above refer to the normal Recommended Daily Allowance for females and males ages 31-50. 
** Upper limits for supplemental intake only, not food sources 
***Supplemental dose as recommended for wound healing

Specifically, arginine and glutamine, non-essential amino acids, are important nutrients involved in proper wound healing. Arginine has been noted in immune function, wound healing and vascular function.8 It is also a precursor to proline, which is necessary for the hydroxylation process of collagen formation, a key step in wound healing. A study by Kirk, et al showed that arginine stimulated wound healing and immune function in the elderly through the deposition of hydroxyproline, a component of collagen.10 Also, a randomized control trial by Stechmiller, et al showed that collagen synthesis was enhanced in healthy individuals with incisional wounds who received oral arginine supplementation.19 Glutamine in tissue repair is an important source of energy for the proper maturation of fibroblasts, which is necessary for collagen production.13 With oral supplementation of arginine and glutamine, collagen synthesis was shown to be greatly enhanced in healthy elderly patients.22 However, one recent study showed that adults who eat healthy and do not have many risk factors for improper wound healing do not require supplemental glutamine or arginine for accelerated healing.9 Though the benefits and importance of these two amino acids are known, more research needs to be done to determine a recommended supplemental dose for improved wound healing. 
Polyunsaturated fatty acids (PUFAs) consist of both omega-3 and omega-6 fatty acids. The omega-3 fatty acids, EPA and DHA, as well as their derivatives such as resolvins, have been found to have anti-inflammatory effects through several different mechanisms.6 EPA and DHA are actively involved in the resolution of inflammation via endogenous mediators.6 A recent study by Mustafa, et al showed that resolvin D1 enhanced periodontal ligament fibroblast proliferation and wound closure, further emphasizing the anti-inflammatory power of these fatty acid derivatives.14 Clearly, there are potential therapeutic benefits but more clinical trials specifically examining oral supplementation in surgical patients need to be completed to determine a supplemental dosage for fatty acids. 

VITAMINS
Vitamin A provides many cellular functions in the body. It aids in cell differentiation, enhances the inflammatory and immune response, and may also increase collagen cross linking. Another key function of vitamin A is to reverse corticosteroid effects which are known to inhibit wound healing.13 Therefore, supplementation of vitamin A at a dose of 25,000 IU is the safe short term recommendation for immunocompromised patients and those taking steroid medications.13 Though this is above the UL for vitamin A, most causes of major toxicity have been shown to be between 50,000-100,000 IU.13 Because there is potential vitamin A toxicity when taken as retinol, beta-carotene is recommended as a safer alternative.17 Beta-carotene’s structure is formed from 2 retinols attached together which is only found in plant products and has not been shown to cause vitamin A intoxication.17 It is best to supplement with caution to avoid any complications.  
The vitamin B complex is actually a group of different B vitamins. Though not considered a necessary vitamin in terms of wound healing, there have been studies on the effect of supplementation. In one particular clinical study, supplementation led to improved clinical attachment levels after periodontal flap surgery when compared with controls.15 Though there is evidence of positive effects on wound healing, more clinical studies should be done to confirm these results and to develop a guideline for supplemental dosages. 
Vitamin C (ascorbic acid) is a strong antioxidant with immune functions but is also vital for the production of healthy collagen. It serves as a cofactor for hydroxylation of proline and lysine residues which are required for the complete maturation of collagen.8 Therefore, a deficiency in this will cause irregular collagen formation and connective tissue structures that will impair the proper wound healing process as well as a greater risk for infection due to a reduced immune response. Vitamin C also has interactions with other minerals, in particular it enhances the absorption of iron. However, the current recommendation is to only supplement patients who are prone to deficiency because the efficacy of additional vitamin C in healthy individuals shows no benefit.18 
Vitamin D is known for its role in calcium homeostasis but it is also associated with better post-operative surgical outcomes, specifically periodontal surgery.12 A longitudinal clinical trial was done by Bashutski, et al to test the effects of a vitamin D supplement or placebo on a group of individuals with severe periodontitis prior to periodontal surgery.3 The results of the study showed a trend toward better surgical outcomes in vitamin D sufficient individuals as opposed to vitamin D deficient patients.3 In addition, in recent years there has been more attention devoted to the generalized vitamin D deficiency of the US population, particularly in African Americans and Hispanics.7 Some reasons for this may include the increased use of sunscreens, avoidance of fish products, and the trend toward increased obesity in the population which can cause sequestration of vitamin D in adipose tissue.23 Because of this, it is important to advise patients to get adequate amounts of vitamin D, shown in Table 1 above as the Recommended Daily Allowances (RDA). 
Vitamin E, or tocopherol, is another antioxidant which protects from destructive oxidation and has cell membrane stabilizing effects. A double blind, placebo controlled study showed that oral supplementation of vitamin E, along with other micronutrients, decreased wound healing time and closure in trauma patients. 4 Another study by Guo and DiPietro suggests that topical vitamin E may be helpful with anti-scarring but clinical trials have not proven this.8 Based on the study by Blass et al, up to 166 mg of α-tocopherol was shown to have beneficial effects on wound healing in trauma patients. 4 

MINERALS 
Copper is an essential trace mineral whose function also plays a role in wound healing. Copper is known to catalyze the lysyl oxidase reaction of collagen formation. It was also found to stimulate angiogenesis, stabilize fibrinogen and increase lysyl oxidase activity resulting in cross linking of collagen fibers.5 Since copper is involved in several aspects of wound healing, a deficiency will impede the complex process though a supplemental dose has yet to be clinically confirmed. 
Zinc plays several roles in vital physiological processes of the body. Most importantly, zinc is a cofactor for many enzymes and is associated with cell growth, DNA and RNA synthesis, immune function, and collagen synthesis.20 Because these activities are all related to wound healing, a deficiency in this trace mineral may lead to poor wound healing.13 One study explains that zinc provides therapeutic advantages in the treatment of wounds and is therefore recommended via oral or topical means.11 The supplemental dose of 15-30mg/day for those undergoing wound healing can be seen in Table 1. However, a study by Scholl and Langkamp-Henken states that supplementation should only be provided for those who are deficient, injured or stressed.18 Therefore, caution should be used when supplementing because excess zinc can have detrimental effects on wound healing, including interactions with calcium and copper, making them potentially unavailable.18 

CLINICAL IMPLICATIONS AND CONCLUSION 
Wound healing is an intricate process that can be affected by many factors. It is clear that nutrition is a factor that plays a major role in proper wound healing. The health and status of the patient will dictate the ways in which wound healing will proceed. Therefore it may be important to supplement certain vitamins and minerals to allow optimization of injury healing associated with dental procedures. Recommended fat soluble vitamins and minerals can be given weeks before planned surgical intervention. However, water-soluble supplements have a short turnover and should only be given days before surgery. 
The clinical significance of this article is to guide the dentist in determining the need for pre-operative nutritional support for the patient. As clinicians, the first step should be to evaluate the current nutritional status of the patient. It is highly likely that supplementation of vitamins A, C, E and zinc, given that the patient is not already taking supplements, is advisable if taken 2 weeks pre-operatively. The recommended doses are up to 25,000 IU of vitamin A, 2,000 mg of vitamin C, 166 mg of vitamin E and 30 mg of zinc per day.  Because there are also many other factors affecting wound healing, it may be difficult to completely predict and assess the nutritional supplementations for every patient. As has been shown, more studies need to be done on nutritional supplementation in pre-operative patients, specifically those facing invasive dental surgeries. Despite the dearth of information on supplementation and its correlation with dental wound healing, it is important for dentists to be aware of proper mineral and vitamin dosages and the role each plays in the complicated process of oral wound healing. By having a deeper understanding of the role supplemention can play in wound healing, dentist can ensure faster and easier recoveries for their dental surgery patients. 


References
1. Arnold M, Barbul A. Nutrition and Wound Healing. Plast Reconstr Surg. 2006; 117.7: 42-58. 
2. Barbosa E, Faintuch J, Machado Moreira EA, Goncalces da Silva VR, Lopes Pereima MJ, Martins Fagundes RL, Filho DW. Supplementation of Vitamin E, Vitamin C, and Zinc Attenuates Oxidative Stress in Burned Children: A Randomized, Double-Blind, Placebo-Controlled Pilot Study. J Burn Care Res. 2009; 30.5: 859-66. 
3. Bashutski, JD, Eber RM, Kinney JS, Benavides E, Maitra S, Braun TM, Giannobile WV, McCauley LK. The Impact of Vitamin D Status on Periodontal Surgery Outcomes. JDent Res. 2011; 90.8: 1007-1012. 
4. Blass SC, Goost H, Tolba RH, Stoffel-Wagner B, Kabir K, Burger C, Stehle P, Ellinger S. Time to Wound Closure in Trauma Patients with Disorders in Wound Healing is Shortened By Supplements Containing Antioxidant Micronutrients and Glutamine: a PRCT. Clin Nutr. 2012; 31.4: 469-75. 
5. Borkow G. Copper's Role in Wound Healing. Cupron. 2014.
6. Evans DC, Martindale RG, Kiraly LN, Jones CM. Nutrition Optimization Prior to Surgery. Nutr Clin Pract. 2014; 29.1: 10-21.  
7. Forrest KY, Stuhldreher WL. Prevalence and Correlates of Vitamin D Deficiency in US Adults. Nutr Res. 2011; 31.1: 48-54. 
8. Guo S, DiPietro LA. Factors Affecting Wound Healing. J Dent Res. 2010; 89.3: 219-29. 
9. Kesici U, Kesici S, Ulusoy H, Yucesan F, Turkmen AU, Besir A, Tuna V. Effects of Glutamine on Wound healing. Int Wound J. 2013
10. Kirk SJ, Hurson M, et al. Arginine Stimulates Wound Healing and Immune Function in Elderly Human Beings. JPEN. 1994; 114.2: 155-60.
11. Lansdown AB, Mirastschijski U, Stubbs N, Scanlon E, Agren MS. Zinc in Wound Healing: Theoretical, Experimental, and Clinical Aspects. Wound Repair Regen. 2007; 15.1: 2-16.
12. Lau BY, Johnston BD, Fritz PC, Ward WE. Dietary Strategies to Optimize Wound Healing after Periodontal and Dental Implant Surgery: An Evidence-Based Review. Open Dent J. 2013; 7: 36-46.
13. MacKay D, Miller A. Nutritional Support for Wound Healing. Altern Med Rev. 2003; 8.4: 359-377.
14. Mustafa M, Zarrough A, Bolstad AI, Lygre H, Mustafa K, Hasturk H, Serhan C, Kantarci A, Van Dyke TE. Resolvin D1 Protects Periodontal Ligament. Am J Physiol Cell Physiol. 2013; 305.6: C673-9. 
15. Neiva , RF, Al-Shammari K, Nociti FH Jr, Soehren S, Wang HL. Effects of Vitamin-B Complex Supplementation on Periodontal Wound Healing. J Periodontol. 2005; 76.7: 1084-109
16. Otten JJ, Hellwig JP, Meyers LD. DRI, Dietary Reference Intakes: The Essential Guide to Nutrient Requirements, Washington, D.C.: National Academy of Sciences, 2006. 
17. Palmer CE. Diet and Nutrition in Oral Health. New Jersey: Pearson Prentice Hall, 2007.
18. Scholl D, Langkamp-Henken B. Nutrient Recommendations for Wound Healing. J Intraven Nurs. 2001; 24.2: 124-132. 
19. Stechmiller JK, Childress B, Cowan L. Arginine Supplementation and Wound Healing. Nutr Clin Pract. 2005; 20.1:52-61. 
20. Thomas, DM, Mirowski GW. Nutrition and Oral Mucosal Diseases. Clin Derm. 2010; 28.4: 426-431.
21. Walker DG. Nutrition In Oral Surgery and Its Relationship to Wound Healing and Infection. Oral Surg, Oral Med O. 1954; 7.8: 797-812.
22. Williams JZ, Abumrad N, Barbul A. Effect of A Specialized Amino Acid Mixture on Human Collagen Deposition. Ann Surg. 2002; 236.3: 369-74. 
23. Zhang R, Naughton DP. Vitamin D in Health and Disease: Current Perspectives. Nutr J. 2010; 9.65.  


