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INTRODUCTION 

Globally, healthcare costs have increased in the last few de-
cades, most notably in the United States-where healthcare 

costs have climbed to nearly a quarter of  the Gross Domestic 
Product.1 Each year an estimated 126.6 million American, one in 
every two adults, are affected by musculoskeletal conditions. This 
costs an estimated $213 billion in annual treatments and in lost 
wages.2 These costs are compounded by delays due to bruising and 
slow wound healing. New approaches in the field of  musculoskel-
etal injury treatment and management are attempting to alleviate 
these treatment complications for reduced costs and improved pa-
tient outcomes. One area that is showing considerable promise is 
targeted nutrition. A rapidly expanding body of  evidence suggests 
that surgical patient outcomes can be enhanced through supple-
mentation with amino acids, protein and other natural compounds. 
Stressing the body, whether through exercise or trauma, increases 
metabolic demands as an adaptive response to energy utilization 
and recovery. During a state of  trauma, such as injury or surgery, 
the body’s nutritional needs are expected to increase. The body en-
ters a higher metabolic state and requires more energy, the immune 
system is weakened due to stress, and persistent inflammation de-
lays full return to normal function. Clinically, the metabolic conse-
quences to stress response includes changes in energy expenditure, 
among other physical and behavioral complications. Evidence con-
tinues to support the use of  clinical nutrition to improve healing 
and recovery, especially in musculoskeletal conditions.3-7  This pa-
per reviews the state of  the clinical evidence on nutrition as a rem-
edy for improving musculoskeletal and surgical patient outcomes.

	 Overall malnutrition or nutritional deficiencies impede 
the natural progression of  healing. A study has shown that most 
Americans are not at optimal nutritional status to prevent com-
plications post-trauma and that nearly 50% of  patients are un-
dernourished or malnourished.8 Another study which involved 
16,000 subjects reported that many Americans were not meeting 
the minimum recommended thresholds for micronutrient intake.9 
It showed the percentages of  American people who are deficient 
in some minerals and vitamins as follows: vitamin D, 93%; vita-
min E, 91%; magnesium 55%; calcium 49%; vitamin A 45%; and 
vitamin C 37%. Thus, undernourished patients face greater com-
plications than properly nourished patients, which include longer 
hospital stays, greater risk of  infection, and increased mortality. 
The combination of  increased baseline nutritional needs post-
injury or surgery and prevalent undernourishment suggests that 
most Americans are not nutritionally equipped to heal optimally. 
In some enhanced recovery after surgery (ERAS) protocols, carbo-
hydrate loading improves patient well-being and metabolism. Car-
bohydrate loading alone, however, is not currently recommended 
as an essential routine intervention because it has not shown evi-
dence of  accelerating discharge criteria or reducing surgical com-
plications.10 Thus, a more targeted, complete nutrition approach is 
required to optimize patient recovery and reduce healthcare costs. 

	 Clinical trials on nutritional interventions in surgery dem-
onstrated that targeted nutrition could enhance outcomes in pa-
tients of  acute patients and chronic conditions. Enhanced wound 
healing, lowered inflammation response, increased muscle mass 

ABSTRACT
During a state of  trauma, such as injury or surgery, the body’s nutritional needs are expected to increase. The body enters a higher 
metabolic state and requires more energy, the immune system is weakened due to stress, and persistent inflammation delays full 
return to normal function. Surgical nutritional interventions have demonstrated that targeted nutrition can enhance outcomes in 
acute patients and chronic conditions. This paper reviews the state of  the clinical evidence on nutrition as a remedy for improving 
musculoskeletal and surgical patient outcomes.  

Keywords 
Nutrition; Orthopedics; Cosmetic; Surgery; Outcomes; Supplementation; Healing; Recovery.

http://dx.doi.org/10.17140/AFTNSOJ-7-173


 Adv Food Technol Nutr Sci Open J. 2021; 7(1): 11-14. doi: 10.17140/AFTNSOJ-7-173

Abdelaziz A

PUBLISHERS

12 Mini Review | Volume 7 | Number 1 |

and strength, and decreased muscle atrophy are crucial recovery 
objectives for surgical patients, and nutrition has been shown to 
support these healing processes. To illustrate the concept of  tar-
geted nutrition approach in terms of  surgical outcomes and wound 
healing, a representative sample of  randomized clinical trials from 
the literature is presented to detail the key factors involved in a 
targeted nutrition.

Vitamins and Amino Acids

Vitamins and essential amino acids (EAAs) play key roles in heal-
ing post-surgery. EAAs are a group of  amino acids that humans 
cannot synthesize and must be supplied from an exogenous diet.11 
Patients given EAAs starting 7-days before surgery showed in-
creased satellite cells on the day of  surgery and a more favorable 
inflammatory environment post-surgery (operative leg p=0.03 for 
satellite cells/fiber and p=0.05 for satellite cell proportions for 
Type I-associated cells and p=0.05 for satellite cells/fiber for Type 
II-associated cells.), indicating that EAA ingestion before surgery 
reduces inflammation and improves healing.12 In a double-blind, 
placebo-controlled, randomized trial on patients undergoing total 
knee arthroplasty (TKA), it was found that EAA supplementa-
tion (20 g/day) was a safe and effective method to reduce the loss 
of  muscle volume in older adults recovering from TKA.3 These 
studies emphasize the importance of  targeted nutritional supple-
ments for muscle preservation and return to function-critical in 
any patient with a surgery that results in significant muscle atro-
phy such as anterior cruciate ligament reconstruction or anterior 
cruciate ligament (ACL) surgery. Essential amino acids are critical 
in this role due to their ability to enhance muscle protein synthe-
sis, especially during acute inflammatory stages.13 Non-essential 
amino acids are also crucial for surgical healing. One study found 
that the addition of  glutamine supplementation in surgical patient 
care reduced infection rates and shortened the length of  hospital 
stay.14 Additionally, glutamine supplementation (~0.4 g/kg body 
weight/day) decreased the production of  pro-inflammatory cyto-
kines in this population; by decreasing inflammation, glutamine 
supplementation effectively improved the healing process. 

	 Vitamins have also shown key benefits with regards to 
wound healing and reduction of  inflammation and pain. A pro-
spective double-blind, placebo-controlled pilot study found that 
supplementation of  vitamin C and vitamin E, along with zinc was 
able to enhance protection against oxidative stress and reduce the 
time necessary for wound healing (p<0.001).15 This is a critical 
point, as it shows that nutrition plays a major part in prevent-
ing the adverse effects of  the stress response. The combination 
of  some of  these key nutrients, for example combinations like 
glutamine, arginine, and omega-3 fatty acids, have been shown to 
improve recovery.16

	 The combination of  EAAs and vitamins can have an 
additive benefit. In a study, thirteen-weeks of  nutritional supple-
mentation with Vitamin D and leucine-enriched whey protein 
attenuates the progression of  chronic low-grade inflammatory 
profile in older sarcopenic persons with mobility limitations.17 
This was shown partially by an overall decrease in IL-8 (p=0.03) 
after 13-weeks, a key cytokine involved in attracting and activating 

neutrophils in inflammatory regions.17

	 Combinations including vitamins, EAAs, and other 
key ingredients like alpha lipoic acid (ALA), CoQ10, or resve-
ratrol, similarly showed enhanced healing. Another study found 
that twice daily consumption of  a mix containing EAA, creatine, 
vitamin D and ALA, coenzyme Q10 (CoQ10), and resveratrol 
for 12-weeks aids in sarcopenia prevention without physical exer-
cise by improving muscle aging-related outcomes such as muscle 
mass, strength, and power.6 This study involved 38 healthy, elderly 
subjects who were randomized and allocated into the supple-
ment or placebo group. Significant improvements in vitamin D 
blood levels (+11,72 ng/ml; p<0.001), leg fat-free mass(+443.7 
g; p<0.05), appendicular lean mass (+0.53 kg; p<0.05), maximal 
voluntary contraction (+1.38 kg; p<0.05) and peak power (+9.87 
W; p<0.05) were found in the supplement group compared to 
placebo.6 This type of  study shows not only the physiological 
changes that occur after targeted nutritional combination supple-
mentation, but also the types of  functional improvements that 
are crucial factors in healing from surgery, especially for orthope-
dic conditions.   

Other Key Ingredients

β-hydroxy β-methylbutyrate: Whether used independently or in 
combination therapies, β-hydroxy β-methylbutyric acid (HMB) 
has been shown to promote wound healing and diminish muscle 
wasting in several studies. Elderly women treated for 12-weeks 
with a nutritional supplement containing HMB, arginine, and 
lysine had positively altered measurements of  functionality, 
strength, and fat free mass (all p<0.05).5 At 12-weeks, there was 
also a 17% improvement in the “get-up-and-go” functionality test 
in the experimental group (-2.3 +/- 0.5 s) but no change in the 
placebo group (0.0 +/- 0.5 s; p=0.002). This demonstrates both 
the functional metrics and the improvements in muscle mass 
possible by nutritional supplements. A double-blind, controlled 
12-month study found that HMB in combination with Vitamin 
D had a significant benefit on lean body mass. Additionally, these 
patients showed improvement in knee extension peak torque ver-
sus controls even without an exercise regimen (p=0.04). Over-
all these findings showed that without exercise, the HMB and 
vitamin D supplemented group showed significant increases in 
functional outputs compared to those in the control group.7 In-
terestingly, HMB has also been shown to increase anabolic signal-
ing and reduce muscle damage, while increasing muscle mass and 
strength.18,19 Also, HMB has been suggested to directly stimulate 
protein synthesis, through an mechanistic target of  rapamycin 
(mTOR) dependent mechanism.20 With these enhanced func-
tional outcomes, key targeted nutrients like HMB, are essential 
to consider in orthopedic and surgical nutritional interventions.

	 A combination of  key ingredients in these nutritional 
therapies are essential to reduce inflammation and enhance heal-
ing. A randomized controlled study included 75 older female 
patients with hip fractures and investigated the effects of  cal-
cium HMB, vitamin D, and protein supplementation on wound 
healing and muscle strength. The study group received an enteral 
product containing 3 g Ca  HMB, 1000 IU vitamin D, and 36 g 
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protein, in addition to standard post-operative nutrition. Results 
indicated that patients on the supplement product demonstrated 
accelerated wound healing (p<0.05), shortened immobilization 
periods (p=0.001), and increased muscle strength (p=0.026) with-
out changes in body mass index. This study also found reduced 
related complications after an orthopedic operation.4

	 There is a growing body of  evidence suggesting that 
targeted nutritional supplements enriched with some of  these 
specific nutrients can have a positive impact on those individuals 
under catabolic conditions. In hospitalized patients, supplementa-
tion with a high-protein oral nutrition supplement enriched with 
HMB was linked to significant improvements in patient related 
clinical outcomes.21 Another systematic review of  randomized 
controlled trial (RCT) studies the effectiveness of  HMB supple-
mentation and found that HMB alone or in combination with 
amino acids, demonstrated a beneficial effect in mitigating loss of  
muscle mass and function in healthy older adults and those with 
various conditions.21

Proteases

One key ingredient utilized in oral nutrition for wound healing 
in surgical procedures is the protease, bromelain. Proteases are 
enzymes that break down protein into amino acids. Bromelain, a 
protease derived from the pineapple plant, has clinical evidence 
supporting its use as an anti-inflammatory or analgesic, properties 
that qualify this protease as an adjunctive treatment for osteo-
arthritis.22 One randomized, controlled double-blind clinical trial 
found that oral bromelain could be effective in pain reduction 
(p<0.05) and enhanced wound healing, without increasing the risk 
of  postoperative bleeding.23 Research has shown that bromelain 
can alter cell surface molecules involved in leukocyte homing, cell 
adhesion and activation thus, suggesting that bromelain is playing 
an anti-inflammatory role by multiple mechanisms.24 Inflamma-
tion and slow wound healing are huge hurdles in surgical recov-
ery. A randomized, crossover, placebo-controlled, clinical trial 
looked at patients given a forearm skin biopsy, along with an oral 
nutritional supplement containing proteases, antioxidants, and 
minerals versus placebo. This was to study wound healing. A 17% 
improvement in wound healing time in the treated group was at-
tained, as compared to the control group (p<0.005). Also, wounds 
were less red, which has been associated with less inflammation.25

CONCLUSION

In conclusion, a significant proportion of  the surgical patient 
population is considered as being nutritionally compromised. 
With incidence of  trauma, the body’s nutritional needs increase 
above the normal requirements (baseline). An increasing body of  
scientific evidence suggests that targeted nutrition supplemen-
tation should be utilized in surgical patient care. Overall, such 
studies highlight the importance of  nutritional supplementation 
in wound healing and surgical recovery. This awareness and uti-
lization of  nutritional regimens for trauma and surgical patients 
also can alleviate the high cost of  medical care, in addition to the 
desirable outcomes. As more research studies and clinical trials 
are conducted, the significant role of  nutrition in medical and 

clinical care will be further emphasized.

REFERENCES

1. CMS.gov. National Health Expenditure Accounts (NHEA) 
Data. 2020. Web site. https://www.cms.gov/Research-Statis-
tics-Data-and-Systems/Statistics-Trends-and-Reports/National-
HealthExpendData. Accessed February 28, 2021. 

2. ScienceDaily®. American Academy of  Orthopaedic Surgeons. 
One in two Americans have a musculoskeletal condition: New re-
port outlines the prevalence, scope, cost and projected growth of  
musculoskeletal disorders in the U.S. Web site. https://www.sci-
encedaily.com/releases/2016/03/160301114116.htm. Accessed 
February 28, 2021. 

3. Dreyer HC, Owen EC, Strycker LA, Smolkowski K, Muyskens 
JB, Kirkpatrick TK, et al. Essential amino acid supplementation 
mitigates muscle atrophy after total knee arthroplasty: A rand-
omized, double-blind, placebo-controlled trial. JB JS Open Access. 
2018; 3: e0006. doi: 10.2106/JBJS.OA.18.00006

4. Ekinci O, Yanık S, Bebitoğlu BT, Akyüz EY, Dokuyucu A, 
Erdem Ş. Effect of  calcium beta-hydroxy-beta-methylbutyrate 
(CaHMB), vitamin D, and protein supplementation on postop-
erative immobilization in malnourished older adult patients with 
hip fracture: A randomized controlled study. Nutr Clin Pract. 2016; 
31: 829-835. doi: 10.1177/0884533616629628

5. Flakoll P, Sharp R, Baier S, Levenhagen D, Carr C, Nissen S. 
Effect of  beta-hydroxy-beta-methylbutyrate, arginine, and lysine 
supplementation on strength, functionality, body composition, 
and protein metabolism in elderly women. Nutrition. 2004; 20: 
445-451. doi: 10.1016/j.nut.2004.01.009

6. Negro M, Perna S, Spadaccini D, Castelli L, Calanni L, Barbero 
M, et al. Effects of  12 weeks of  essential amino acids (EAA)-
based multi-ingredient nutritional supplementation on muscle 
mass, muscle strength, muscle power and fatigue in healthy elder-
ly subjects: A randomized controlled double-blind study. J Nutr 
Health Aging. 2019; 23: 414-424. doi: 10.1007/s12603-019-1163-4

7. Rathmacher JA, Pitchford LM, Khoo P, Angus H, Lang J, 
Lowry K, et al. Long-term effects of  calcium beta-Hydroxy-be-
ta-methylbutyrate and vitamin D3 supplementation on muscular 
function in older adults with and without resistance training: A 
randomized, double-blind, controlled study. J Gerontol A Biol Sci 
Med Sci. 2020; 75: 2089-2097. doi: 10.1093/gerona/glaa218

8. Kirkland LL, Kashiwagi DT, Brantley S, Scheurer D, Varkey P. 
Nutrition in the hospitalized patient. J Hosp Med. 2013; 8: 52-58. 
doi: 10.1002/jhm.1969

9. Fulgoni VL, Keast DR, Bailey RL, Dwyer J. Foods, fortificants, 
and supplements: Where do Americans get their nutrients? J Nutr. 
2011; 141: 1847-1854. doi: 10.3945/jn.111.142257
10. Dąbrowski M, Kubaszewski Ł. Enhanced recovery after sur-
gery – possibility of  implementation in the department of  ortho-

http://dx.doi.org/10.17140/AFTNSOJ-7-173
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealt
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealt
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealt
https://www.sciencedaily.com/releases/2016/03/160301114116.htm
https://www.sciencedaily.com/releases/2016/03/160301114116.htm
http://doi.org/10.2106/JBJS.OA.18.00006
http://doi.org/10.1177/0884533616629628
http://doi.org/10.1016/j.nut.2004.01.009
http://doi.org/10.1007/s12603-019-1163-4
http://doi.org/10.1093/gerona/glaa218
http://doi.org/10.1002/jhm.1969
http://doi.org/10.3945/jn.111.142257


 Adv Food Technol Nutr Sci Open J. 2021; 7(1): 11-14. doi: 10.17140/AFTNSOJ-7-173

Abdelaziz A

PUBLISHERS

14 Mini Review | Volume 7 | Number 1 |

pedics and spine surgery in Poland. Polish Orthopaedics and Trau-
matology. 2020; 85: 121-125. doi: 10.31139/chnriop.2020.85.5-6.6

11. Lopez MJ, Mohiuddin SS. Biochemistry, Essential Amino Acids. 
In: StatPearls. (Treasure Island (FL), USA: StatPearls Publishing; 
2021.

12. Muyskens JB, Foote DM, Bigot NJ, Strycker LA, Smolkowski 
K, Kirkpatrick TK, et al. Cellular and morphological changes 
with EAA supplementation before and after total knee arthro-
plasty. J Appl Physiol (1985). 2019; 127: 531-545. doi: 10.1152/
japplphysiol.00869.2018 

13. Baldissarro E, Aquilani R, Boschi F, Baiardi P, Iadarola P, Fu-
magalli M, et al. The hip functional retrieval after elective surgery 
may be enhanced by supplemented essential amino acids. Biomed 
Res Int. 2016; 2016: 9318329. doi: 10.1155/2016/9318329

14. Kim H. Glutamine as an immunonutrient. Yonsei Med J. 2011; 
52: 892-897. doi: 10.3349/ymj.2011.52.6.892

15. Barbosa E, Fasintuch J, Moreira EaM, da Silva VRG, Perei-
ma MJL, Fagundes RLM, et al. Supplementation of  vitamin E, 
vitamin C, and zinc attenuates oxidative stress in burned chil-
dren: a randomized, double-blind, placebo-controlled pilot study. 
J Burn Care Res. 2009; 30: 859-866. doi: 10.1097/BCR.0b013e-
3181b487a8

16. Burton D, Grainne N, Hall G. Endocrine and metabolic re-
sponse to surgery. Continuing Education in Anaesthesia Critical Care 
& Pain. 2004; 4: 144-147. doi: 10.1093/bjaceaccp/mkh040

17. Liberman, K, Njemini R, Luiking Y, Forti LN, Verlaan S, Bau-
er JM, et al. Thirteen weeks of  supplementation of  vitamin D 
and leucine-enriched whey protein nutritional supplement atten-
uates chronic low-grade inflammation in sarcopenic older adults: 
the PROVIDE study. Aging Clin Exp Res. 2019; 31: 845-854. doi: 
10.1007/s40520-019-01208-4 

18. Zanchi NE, Gerlinger-Romero F, Guimarães-Ferreira L, de 
Siqueira Filho MA, Felitti V, Lira FS, et al. HMB supplementa-
tion: clinical and athletic performance-related effects and mecha-

nisms of  action. Amino Acids. 2011; 40: 1015-1025. doi: 10.1007/
s00726-010-0678-0 

19. Wilkinson DJ, Hossain T, Hill DS, Phillips BE, Crossland H, 
Williams J, et al. Effects of  leucine and its metabolite beta-hy-
droxy-beta-methylbutyrate on human skeletal muscle protein 
metabolism. J Physiol. 2013; 591: 2911-2923. doi: 10.1113/jphys-
iol.2013.253203

20. Wilson GJ, Wilson JM, Manninen AH. Effects of  beta-hy-
droxy-beta-methylbutyrate (HMB) on exercise performance and 
body composition across varying levels of  age, sex, and train-
ing experience: A review. Nutr Metab (Lond). 2008; 5: 1. doi: 
10.1186/1743-7075-5-1

21. Brien S, Lewith G, Walker A, Hicks SM, Middleton D. Bro-
melain as a treatment for osteoarthritis: A review of  clinical stud-
ies. Evid Based Complement Alternat Med. 2004; 1: 251-257. doi: 
10.1093/ecam/neh035

22. Soheilifar S, Bidgoli M, Hooshyarfard A, Shahbazi A, Vah-
datinia F, Khoshkhooie F. Effect of  oral bromelain on wound 
healing, pain, and bleeding at donor site following free gingival 
grafting: A clinical trial. J Dent (Tehran). 2018; 15: 309-316.

23. Hale LP, Greer PK, Sempowski GD. Bromelain treatment al-
ters leukocyte expression of  cell surface molecules involved in 
cellular adhesion and activation. Clin Immunol. 2002; 104: 183-190. 
doi: 10.1006/clim.2002.5254

24. Brown SA, Coimbra M, Coberly DM, Chao JJ, Rohrich RJ. 
Oral nutritional supplementation accelerates skin wound heal-
ing: A randomized, placebo-controlled, double-arm, crossover 
study. Plast Reconstr Surg. 2004; 114: 237-244. doi: 10.1097/01.
prs.0000128818.28425.52

25. Murphy RA, Mourtzakis M, Chu QSC, Baracos VE, Reiman 
T, Mazurak VC. Supplementation with fish oil increases first-
line chemotherapy efficacy in patients with advanced nonsmall 
cell lung cancer. Cancer. 2011; 117: 3774-3780. doi: 10.1002/
cncr.25933

Submit your article to this journal | https://openventio.org/submit-manuscript/

http://dx.doi.org/10.17140/AFTNSOJ-7-173
http://doi.org/10.31139/chnriop.2020.85.5-6.6
http://doi.org/10.1152/japplphysiol.00869.2018
http://doi.org/10.1152/japplphysiol.00869.2018
http://doi.org/10.1155/2016/9318329
http://doi.org/10.3349/ymj.2011.52.6.892
http://doi.org/10.1097/BCR.0b013e3181b487a8
http://doi.org/10.1097/BCR.0b013e3181b487a8
http://doi.org/10.1093/bjaceaccp/mkh040
http://doi.org/10.1007/s40520-019-01208-4
http://doi.org/10.1007/s00726-010-0678-0
http://doi.org/10.1007/s00726-010-0678-0
http://doi.org/10.1113/jphysiol.2013.253203
http://doi.org/10.1113/jphysiol.2013.253203
http://doi.org/10.1186/1743-7075-5-1
http://doi.org/10.1093/ecam/neh035
http://doi.org/10.1006/clim.2002.5254
http://doi.org/10.1097/01.prs.0000128818.28425.52
http://doi.org/10.1097/01.prs.0000128818.28425.52
http://doi.org/10.1002/cncr.25933
http://doi.org/10.1002/cncr.25933

