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Nutritional interventions are not commonly a standard of care
in rehabilitation interventions. A nutritional approach has the
potential to be a low-cost, high-volume strategy that comple-
ments the existing standard of care. In this commentary, our
aim is to provide an evidence-based, practical guide for
athletes with injuries treated surgically or conservatively, along
with healing and rehabilitation considerations. Injuries are a
normal and expected part of exercise participation. Regardless
of severity, an injury typically results in the athlete’s short- or
long-term removal from participation. Nutritional interventions
may augment the recovery process and support optimal
healing; therefore, incorporating nutritional strategies is impor-
tant at each stage of the healing process. Preoperative
nutrition and nutritional demands during rehabilitation are key
factors to consider. The physiological response to wounds,
immobilization, and traumatic brain injuries may be improved
by optimizing macronutrient composition, caloric consumption,
and nutrient timing and using select dietary supplements.
Previous research supports practical nutrition recommenda-
tions to reduce surgical complications, minimize deficits after

immobilization, and maximize the chance of safe return to play.

These recommendations include identifying the individual’s

caloric requirements to ensure that energy needs are being

met. A higher protein intake, with special attention to evenly

distributed consumption throughout the day, will help to

minimize loss of muscle and strength during immobilization.

Dietary-supplement strategies may be useful when navigating

the challenges of appropriate caloric intake and timing and a

reduced appetite. The rehabilitation process also requires a

strong nutritional plan to enhance recovery from injury. Athletic

trainers, physical therapists, and other health care profession-

als should provide basic nutritional recommendations during

rehabilitation, discuss the timing of meals with respect to

therapy, and refer the patient to a registered dietitian if

warranted. Because nutrition plays an essential role in injury

recovery and rehabilitation, nutritional interventions should

become a component of standard-of-care practice after injury.

In this article, we address best practices for implementing

nutritional strategies among patients with athletic injuries.

T
he economic burden of injury is high, with more
than $9 billion spent annually on injury and
rehabilitation in young adults (17–44 years).1

Injuries are the leading contributor to medical costs in this
age group. Beyond monetary costs, athletic injuries also
result in significant mental and physical burdens. Health-
related rehabilitation interventions are most cost effective
when practitioners adopt an interdisciplinary approach that
encompasses low-cost, high-volume services.2 Nutritional
interventions are not commonly used as standard of care in
rehabilitation interventions. However, numerous nutritional
approaches are available as potential low-cost, high-volume
strategies to complement the existing standard of care,
particularly for patients pursuing musculoskeletal rehabil-
itation.

Injuries are a normal and expected part of exercise
participation. Regardless of severity, injuries typically
result in short- or long-term removal from participation.
The initial healing stage that occurs immediately after
trauma involves an inflammatory response and may last
from a few hours to several days, depending on the nature
of the injury.3,4 This inflammatory response is essential to

initiate optimal healing; as a result, nutritional interventions
intended to control inflammation in this acute phase may be
contraindicated for optimal healing.3 However, minimizing
prolonged or excessive inflammation by ingesting dietary
supplements may enhance healing and accelerate a safe
return to play. Patients with injuries that require immobi-
lization or surgery deserve special nutritional consider-
ations due to the large physiological demand of wound
healing (Figure 1). Even athletes with more minor injuries,
such as muscular strains, stress fractures, or ankle sprains,
warrant special nutritional attention. In a different category,
traumatic brain injuries (TBIs)—even mild cases—also
need nutritional attention. Nutritional recommendations for
patients with TBI constitute a growing field, with new
research emerging rapidly. In this article, we will present an
evidence-based, practical guide for nutritional consider-
ations of injuries, including wound healing, immobilization,
and TBI. Specifically, nutritional considerations for athletes
with injuries treated surgically or conservatively who are in
the preoperative, postoperative, or healing phase will be
addressed.
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PREOPERATIVE NUTRITIONAL CONSIDERATIONS

Once an injury is sustained, a cascade of inflammatory,
immune, and metabolic responses is activated, resulting in a
hypermetabolic state. To support this hypermetabolic state
and the injury-healing process, significant macro- and
micronutrient support is required. The nutritional needs of a
patient before surgery are often omitted from standard
presurgical guidelines; preoperative attention to nutrition is
typically focused on recommendations to fast from food
and fluid beginning at midnight of the day of the
operation.5,6 This food and fluid fast ensures an empty
stomach at the time of anesthesia and minimizes the risk of
pulmonary aspiration.5 More recently, accumulating data
have led to suggestions that less strict fasting routines can
be adopted without placing patients at risk.6,7 Feeding
patients with a high-carbohydrate beverage immediately
before surgery was safe, reduced catabolic surgical stress,
and might have enhanced postoperative outcomes.6,8 Newer
guidelines9 advise that patients fast after a light meal 6
hours before and from clear liquids 2 hours before surgery.
With these guidelines in mind, it may be possible to take
advantage of this preoperative time to maximize recovery
potential.

Preoperative carbohydrates and insulin have been shown
to reduce insulin resistance, metabolic stress, and inflam-
mation and prevent hypoglycemia postsurgery.10 Preoper-
ative glycemic control, particularly using carbohydrate
feeding, improved surgical outcomes by reducing the
catabolic cascade and insulin resistance that occurred with
surgical stress.11,12 Specifically, preoperative consumption
of 100 g of glucose in an oral solution the night before
surgery and 50 g 2 hours before surgery was effective in
reducing postoperative insulin resistance.13 Another study14

demonstrated that preoperative consumption of a 100-g
carbohydrate-containing drink the evening before the
surgery and 50 g 2 to 3 hours before surgery attenuated

depletion of muscle mass after surgery. Researchers15 who
conducted a perioperative nutritional intervention involving
an oral supplement (1.5 kcal þ 0.05 g protein/mL) found
less postoperative weight loss when the supplement was
given perioperatively versus preoperatively or postopera-
tively; in addition, fewer minor complications occurred in
the perioperative- and postoperative-supplement groups
than in the control group. Hydrothermally modified waxy
maize starch is a low-glycemic, slower digesting complex
carbohydrate shown to be effective in stabilizing glucose
levels and preventing hypoglycemia over extended periods
of time.16 Originally developed to help prevent overnight
hypoglycemia in children with glycogen storage disease17

and more recently embraced by the endurance athlete
community, modified waxy maize starch is an easy-to-drink
clear liquid that could be used as a presurgery supplement
to help sustain glucose levels during surgery and possibly
prevent postsurgery hypoglycemia (Figure 2).

ASSESSING POSTOPERATIVE AND
REHABILITATIVE NUTRITIONAL NEEDS

Most often, an injury results in immobilization or disuse.
Under these circumstances, muscle tissue can be lost after
as little as 36 hours of inactivity,18 with global gene
expression alterations after 48 hours and a significant loss
of muscle tissue within 5 days of inactivity.19 At a
fundamental level, the goal of rehabilitative nutrition is to
provide enough calories and protein to aid in wound healing
and prevent a loss of lean body mass (LBM). Other goals
include modulating inflammatory and immune responses,
enhancing control of blood glucose levels, and providing
macro- and micronutrients to optimize the recovery and
healing process.3 During the rehabilitative phase, a stress
response initiates an overall increase in energy demand.5

The resulting net catabolic response upregulates the use of
amino acids and proteins for healing and concomitantly
decreases LBM. When caring for a patient who is
recovering from injury, it is important to identify calorie
needs, protein needs, and micronutrient requirements
(Figure 3).

Calorie Needs

Nutrition is an important aspect of general athlete health
and performance. Knowledge of basic energy recommen-
dations may provide additional information regarding an
athlete’s unique needs before and after injury.20,21 Whether
an injury is treated surgically or conservatively, the
patient’s basal metabolic rate (BMR) increases to match
cellular turnover during recovery. To identify the individ-
ual’s calorie needs, the BMR should be either measured via
indirect calorimetry or estimated using predictive equations
that reflect the energy required to maintain homeostasis.22

Another estimate of BMR in young adults is 25 kcal/kg
ideal body weight.5 Metabolic rate should then include
additional calories during the rehabilitative process as
estimated using a stress factor (Figure 4). This stress factor
can increase metabolic energy demands from about 20% for
minor injuries and surgeries to 100% for more severe
bodily insults such as burns.23,24 Although musculoskeletal
injuries may not increase metabolic rates to the same extent
as more severe insults, any injury that activates the stress
response may result in increased energy expenditure and

Figure 1. Physiological and metabolic demands after injury can be
addressed with key nutritional targets; elevated caloric demand,
increased protein, glucose regulation with complex carbohydrates,
and essential fatty acids should be considered. In addition, based
on the evidence, specific dietary supplements may mitigate the
negative effects of surgery and immobilization and support faster
healing. Abbreviation: HMB, b-hydroxy-b-methylbutyrate.
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protein catabolism. Last, calorie demands from physical
activity should be included (Equation 1).

(1) Total Daily Energy Requirements ¼ BMR 3 Stress
Factor 3 Activity Coefficient24

Maintaining the caloric balance and meeting the
increased energy demands after an injury is critical. Due
to reduced physical activity after surgery (eg, anterior
cruciate ligament, rotator cuff, joint replacement, fracture)
or an injury, the initial response of many individuals is to
reduce caloric intake to avoid weight and fat gain.
However, a negative energy balance is likely to exacerbate
the problem by slowing wound healing and increasing the

loss of muscle.3 In turn, a negative energy balance will
likely lead to greater losses in functional strength and
prolong the time to return to play, which can significantly
affect the athlete’s career. Although concerns about weight
and fat gain are warranted, the macronutrient composition
of the diet, in combination with caloric intake, can help to
manage body-composition changes.25 In short, diets
emphasizing fewer carbohydrates (ie, approximately 40%)
or a 2:1 carbohydrate:protein ratio (eg, 260 g carbs and 130
g protein), have been shown to promote positive changes in
body composition.26–28 By consuming a greater proportion-
al increase in protein, in combination with complex
carbohydrates, patients can minimize weight and fat gain
while still meeting the nutritional needs of recovery. An
example of caloric needs and macronutrients is depicted in
Figure 5. Of additional concern is alcohol, which should be
avoided. Alcohol ingestion impaired muscle protein
synthesis and wound healing by reducing the inflammatory
response to injury.29,30

Protein Needs

Demand for amino acids is also significantly elevated
after an injury. Amino acid uptake accelerates to support
wound healing, tissue rebuilding, and glycemic control.9,23

Without nutritional support, this hypermetabolic demand
for amino acids is met by the catabolism of skeletal
muscle.23 Depending on the severity of the injury, degree of
immobilization, and length of time between injury and
surgery, this could result in substantial loss of skeletal
muscle. Loss of LBM is an independent risk factor for
increased length of hospital stay, whereas malnutrition,
especially of protein, delayed wound healing and increased
risk of postsurgical infection.9,23 After a surgical procedure,
the amino acid demand would be expected to rise even
more to support healing and repair of incisions, tissue
grafts, and other secondary trauma. Encouraging increases

Figure 2. Before surgery, increasing the carbohydrates in the diet, particularly from complex sources and proteins, is beneficial. The
night before surgery should include a well-rounded meal with slow-releasing carbohydrates and proteins. Two to 4 hours before surgery, a
clear liquid consisting of a high molecular weight starch (HMS) and essential amino acids molecular-weight essential amino acids (EAA) is
recommended.

Figure 3. Injury and surgery result in a significant stress
response, which highlights the potential for nutritional support.
The demand for glucose and amino acids increases, which initiates
a hormonal response resulting in a catabolic environment, leading
to large losses in lean body mass. Adapted from Demling.23
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Figure 4. Identifying energy needs during injury and rehabilitation is a key first step. Metabolic needs increase to account for basic
metabolism and the increased energy demands of wound and injury healing. Abbreviations: FFM, fat-free mass; RMR, resting metabolic
rate.

Figure 5. Energy needs and quality of calories should be evaluated postsurgery and during recovery. A diet consisting of complex
carbohydrates, high-quality protein, and high-quality fats is advised. For example, create a plate with a 30-g serving of complete proteins
paired with a complex whole grain. Then add fresh fruits and vegetables in a variety of colors to help provide antioxidants to enhance
recovery, control inflammation, and provide important micronutrients. Abbreviations: ACL, anterior cruciate ligament; CHO,
carbohydrates; PRO, protein; RMR, resting metabolic rate.
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in protein intake in the days leading up to surgery may be
advisable to minimize muscle loss and accelerate recovery.

When the stress response is activated by an injury or
wound, the homeostatic mechanisms in place to prevent
losses in LBM are interrupted, resulting in increased energy
expenditure and protein metabolism. Injury-induced stress
elevates protein needs by about 80% above baseline. For
active individuals, a range of 1.4 to 2.0 g/kg/d of protein is
recommended to maintain a neutral nitrogen protein
balance.31 During injury recovery and immobilization,
muscle protein breakdown accelerates, thereby increasing
protein requirements to maintain protein balance. Nutritional
goals should align with more traditional anabolic goals
because when catabolic hormones rise, increasing protein
intake results in a net protein balance. Thus, during
rehabilitation, protein intakes of at least 1.6 g/kg/d and closer
to 2.0 to 3.0 g/kg/d are recommended, with an emphasis on
consuming about 3 grams of leucine per serving.3 Leucine has
been termed ‘‘the anabolic trigger’’ and is the amino acid
primarily responsible for stimulating muscle protein synthe-
sis.32 Focusing on foods high in leucine, such as animal
proteins (eg, chicken, beef, milk, fish) and whey protein, may
aid in a faster recovery from injury.

A single 30-g dose of protein was optimal for
maximizing protein synthesis in healthy individuals.26

However, the amount of protein per dose needed to
stimulate protein synthesis likely increases during immo-
bilization and disuse due to anabolic resistance.33 In
addition to greater protein needs, the timing of the protein
ingestion is important to maximize absorption and optimize
protein synthesis. To attenuate muscle protein degradation,
consumption of 20 to 40 g of total dietary protein per sitting
is suggested, with leucine-rich foods being eaten through-
out the day. Protein consumption should occur within 1
hour of waking, every 3 to 4 hours subsequently, around a
rehabilitation session, and before sleep.34,35

Complex Carbohydrates

Carbohydrates are a key source of energy during
rehabilitation. Their contribution to recovery is expansive,
including roles in immunology, hormonal factors, and
enzymatic processes.23 They also have a protein-sparing
effect in catabolic states: a high-carbohydrate diet reduced
muscle protein breakdown more than a high-fat diet.36 During
recovery from an injury, approximately 3 to 5 g/kg or 55% of
total calories during rehabilitation or recovery should be
delivered as complex carbohydrates,21 including whole
grains, fruits, vegetables, and dairy. Carbohydrate needs
increase as exercise activity increases. No more than 60% of
total calories should be from carbohydrates; greater con-
sumption could lead to hyperglycemia, thereby hindering
healing and immune function.23 Simple carbohydrates in the
form of processed and refined sugars should be limited.
Complex carbohydrates are digested more slowly than simple
carbohydrates, resulting in more sustained glucose availabil-
ity. Complex carbohydrates are also rich in vitamins,
minerals, and fiber, which are important during rehabilitation.

Essential Fatty Acids

An inflammatory response is initiated upon injury and is
critical for optimal healing.3,37 However, a prolonged
inflammatory response, often seen after severe injury or

surgery, can be counterproductive to healing. Appropriate
postinjury nutrition, specifically essential fat consumption,
can help reduce the magnitude of a prolonged inflammatory
response.38 Fat is a critical source of energy for healing
wounds and increasing cell proliferation. Polyunsaturated
and monounsaturated fatty acids are used for cell
membrane production, whereas saturated fatty acids are
often used for fuel. Polyunsaturated fats contain 2 essential
fatty acids, a-linolenic acid (x-3 fatty acid) and linoleic
acid (x-6 fatty acid), which must be consumed in the diet.
During recovery, a diet containing high levels of monoun-
saturated fatty acids and x-3 polyunsaturated fatty acids is
ideal.39,40 Approximately 20% to 25% of calories should be
from fat: 0.8 to 2 g/kg/d (due to the caloric density).23

Recommended daily intakes are 2 g per day of x-3 fatty
acids and 10 g per day of x-6 fatty acids.41 Common food
sources of x-3 fatty acids are avocado, olive oil, fish, flax,
nuts, and seeds. During the recovery process, x-6 fatty
acids, which are found in processed meats, fried and greasy
foods, and vegetable oils, should be limited due to their
proinflammatory properties.

Nutrient Timing

Considering the ingestion of nutrients throughout the day,
rather than an individual’s total daily consumption, has
been proposed as important for exercise performance and
recovery.42,43 Previous researchers demonstrated the value
of nutrient timing in stimulating protein synthesis,44

reducing muscle damage,45 enhancing recovery,44 and
improving body composition.46 In an injury and rehabili-
tation setting, the timing of nutrient consumption has the
potential for significant effects on changes in LBM,
strength and functionality, and return to play. More
important is that an athletic trainer or physical therapist
can coordinate nutrient ingestion with rehabilitation before
and after seeing a patient. The hours and minutes before
and after therapy are key for ensuring nutrients are
available for the activity. Availability of nutrients,
specifically carbohydrates and proteins, during exercise
and therapy augmented outcomes (Figure 6). When
nutrients were available, greater improvements in strength,
functionality, and lean mass occurred.47

DIETARY SUPPLEMENTS

Improving the quality and timing of nutrients while
incorporating select dietary supplements may further en-
hance recovery and reduce the time until return to play. A few
dietary supplements have been shown to support recovery
and regeneration and mitigate muscle loss when consumed
postsurgery or during immobilization. When choosing
dietary supplements, purchasing products that have been
subjected to third-party testing to verify product contents and
rule out contaminants is advised. The most common and
recommended certification programs for identifying evi-
dence-based supplements are NSF International, NSF
International Contents Certifiedt and Certified for Sportt,
Informed Choice, ConsumerLab.com, and the Banned
Substances Control Group (Figure 7). United States Phar-
macopeia also provides third-party verification for vitamins.
Companies that manufacture and distribute supplements can
submit and cover the cost of having their products
independently verified and certified by these companies;
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upon approval, the appropriate logo may be placed on the
label to demonstrate that the product passed inspection.

Creatine Monohydrate

Creatine is an organic compound that is synthesized in
small amounts in the body from the amino acids arginine,
methionine, and glycine. Creatine can also be obtained
exogenously from foods that are high in protein, such as
fish and beef.48 Approximately 95% of all creatine stores
are in skeletal muscle; numerous researchers have shown
increased intramuscular creatine with supplementation.49

Based on decades of work, creatine monohydrate (CrM) is
one of the most effective ergogenic aids available for
improving intense exercise performance and enhancing
LBM when combined with exercise.49 Additional benefits
of creatine included preventing traumatic brain injuries as
well as improving bone health and neuromuscular func-
tion.50–54 Furthermore, despite reports in the popular press
casting doubt on the usefulness of the substance, CrM may
act as an agent to improve or maintain hydration and
thermoregulation, thereby preventing muscle cramps and
dehydration.55 When consumed during immobilization,
creatine had positive effects on muscle size and strength.
Specifically, when compared with a placebo (PL), 20 g (4 3
5 g) per day of CrM consumed during 2 weeks of arm
immobilization better maintained lean mass (CrM: þ0.9%
versus PL: �3.7%), strength (CrM: �4.1% versus PL:
�21.5%), and endurance (CrM:�6.5% versus PL:�35%) in
young healthy men.56 However, a similar supplement
strategy of 20 g CrM (4 3 5 g) versus PL during 2 weeks
of leg immobilization had no effect in maintaining muscle

size or strength.57 The immobilization was followed by a
12-week rehabilitation program and a weekly reduced dose
of 15 g (weeks 1–3) and 5 g (weeks 4–10); when combined
with rehabilitation, CrM enhanced the recovery of muscle
mass, resulting in greater hypertrophy of all muscle fiber
types than the PL.57 Although the exact mechanisms by
which CrM may benefit the immobilized muscle have not
been established, some evidence suggests it is the result of
an upregulation of myogenic transcription factors (myoge-
nin)57,58 and satellite cell activity.59,60 Additional data61

indicated that CrM may serve as a potential strategy for
enhancing bone remodeling by stimulating cell growth,
differentiation, and mineralization, which would be bene-
ficial for skeletal injuries.

Creatine monohydrate is the most commonly studied
form of creatine and is arguably the most bioavailable and
effective.62 More importantly, no detrimental effects of
supplementation with CrM have been identified.51,62 To
date, the only reported side effect in some individuals was
minor weight gain, which subsided after 1 to 2 days of
supplementation. Thus, the potential benefits are likely to
be significant, with minimal to no risk. After immobiliza-
tion and injury, a loading dose is recommended: 20-g (4 3 5
g daily) loading dose for 5 days or a daily 5-g dose.63

This is followed by approximately 20 g per day in 4
divided doses for 5 days and then 3 to 5 g per day thereafter
to maintain elevated stores.

Omega-3 (x-3) Fatty Acids

The potential benefits of the long-chain x-3 fatty acids
eicosapentaenoic acid (EPA) and docosahexaenoic acid

Figure 6. The timing of macronutrient ingestion throughout the day is particularly important, with special attention to nutrition before and
after therapy. Abbreviations: CHO, carbohydrates; EAA, essential amino acids; EPA/DHA, eicosapentaenoic acid/docosahexaenoic acid;
HMB, beta symbol-hydroxy-beta symbol-methylbutyrate; rehab, rehabilitation; RSB, rehabilitation supplement blend.
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(DHA) after injury have been examined. Essential nutri-
ents, EPA and DHA can be synthesized from a-linolenic
acid (ALA); however, humans are unable to synthesize
ALA, making it essential to directly consume EPA and
DHA through the diet. Only fish and fish oils contain EPA
and DHA, which are incorporated into the wall of each cell
in the body. It is important to note that plant-based sources
of x-3 (via ALA) have very low conversion rates to EPA
and DHA, rendering them ineffective sources of x-3. The
x-3 fatty acids are largely known for their anti-inflamma-
tory properties, which have been well documented in many
chronic inflammatory diseases. During the acute phase of
injury or surgery, the reduction in inflammation should be
carefully considered because the innate inflammatory
response is necessary for healing. Thus, high doses of x-
3 within hours or a few days of injury or surgery may not be
warranted. Nevertheless, if inflammation is excessive or
prolonged, consumption of x-3 may be a beneficial
strategy.64 In addition to anti-inflammatory effects, x-3

fatty acids have demonstrated benefits in immobilized
patients by increasing muscle protein synthesis and
mitigating muscle loss.3 Daily supplementation with 4000
mg of x-3 stimulated an upregulation of muscle protein
synthesis in response to higher protein and higher insulin
levels in healthy young adults.65

The available data indicate that fish oil supplementation
may reduce muscle loss during injury and immobilization.
However, these effects have not been shown consistently in
the literature and consensus is lacking on dosing strategies.
Supplementing with 2000 to 4000 mg daily may reduce
chronic inflammation and maximize protein synthesis. Side
effects of fish oil supplementation include a reduction in
platelets, which may increase the bleeding risk. Yet a recent
systematic review66 indicated the decrease in platelet
activity did not increase the bleeding risk during or after
surgery and therefore, supplementation likely need not be
discontinued.67 The quality of the fish oil should be
evaluated to minimize contamination from high levels of
mercury. Fish oil supplementation has the potential for
benefit, with moderate side effects.

Essential Amino Acids

Supplemental protein is a simple and effective way to
ensure adequate protein intake. Although high-quality,
whole-food sources of protein should be emphasized,
protein supplements provide a more concentrated and
direct form of amino acids, which results in a stronger
anabolic effect than dietary protein.68 In determining the
quality of a protein source, the percentage of protein as
essential amino acids (EAAs) and leucine content are the
driving factors related to muscle protein anabolism, along
with bioavailability and digestibility. Whey protein is
considered the highest-quality protein source, with more
than 50% of the amino acid composition coming from
EAAs and 2.7 g of leucine in a common dose (25 g of
protein).69,70 Whey protein isolate and concentrate are the
most common forms of whey protein. The isolate is more
highly filtered than the concentrate, resulting in greater
protein content per dose and little to no fat and lactose,
making it more tolerable for individuals with lactose
intolerance. Whey protein is a fast-digesting protein source
that rapidly increases EAA availability in the blood. This
makes it an ideal source of protein before and after exercise
and rehabilitation. In contrast, casein protein (a milk-based
protein) is slower to be digested. Research71 suggested that
consuming 30 to 40 g of casein before bed enhanced
overnight muscle protein synthesis.

Plant-based protein products have recently grown in
popularity. The highest-quality and most popular sources of
plant protein are soy and pea proteins; blends containing
hemp, pumpkin seed, and rice protein are also common.
The degree of muscle protein synthesis from plant sources
is significantly less than from animal-based products, even
when matched for nitrogen and energy content.72,73 This
blunted stimulus is the result of a lower EAA and leucine
content. Consumption of a greater quantity of plant protein
can improve the anabolic potential of plant-based products.
For example, plant-based protein supplements often
provide about 20 g of protein. To match the leucine
content in 25 g of whey protein (2.7 g), an individual would

Figure 7. Third-party testing companies provide a seal or stamp
for approved products. Look for these logos on applicable dietary
supplements.
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need to consume 38 g of pea protein, 40 g of soy protein,
and 54 g of hemp protein.69

Free-form EAA supplements have become available
recently that provide EAAs only (ie, no other macronutri-
ents) in a form that can be rapidly absorbed and used
directly by muscle,68 resulting in a greater anabolic
response than possible from dietary or whey protein
supplements.68 Supplementation with 16.5 g of EAA and
30 g of carbohydrate was effective in preserving leg lean
mass and reducing strength loss in healthy men after 28
days of bed rest.74 Twice daily ingestion of 20 g of EAA
taken for 1 week before and for 2 weeks after total knee
replacement decreased quadriceps and hamstrings atrophy
at 6 weeks postsurgery more than a PL did.75 Patients in this
study who supplemented with EAA also recovered
functional mobility earlier than those taking the PL.75

Consumption of EAA immediately before exercise has
been shown to stimulate muscle protein synthesis to a
greater extent than after exercise, which was attributed to
greater amino acid delivery to the muscle76 and indicated
that EAA ingestion immediately before surgery or therapy
may be particularly beneficial.

Vitamin D

Vitamin D is typically recognized for its importance in
calcium and bone regulation, but it also plays a role in
innate and acquired immune regulation as well as skeletal
muscle function, thereby having potential implications for
improving recovery. Vitamin D deficiency is defined as
having ,75 nmol/L of circulating 25-hydroxyvitamin D
(25[OH]D) or ,30 nmol/L of vitamin D. An optimal dose
of vitamin D has not been clearly identified; the US
Institute of Medicine states that greater than 50 nmol/L is
sufficient,77 but controversy exists as to whether this value
is too conservative. Research2–5 supported the idea that
individuals who have insufficient and deficient vitamin D
levels may experience impaired muscle repair, regenera-
tion, and hypertrophy. Specifically, low vitamin D has been
linked with prolonged recovery from knee surgery.78 If an
individual has sufficient vitamin D, supplementation with
25(OH)D is unnecessary and may even be detrimental if
used after a bone fracture due to the suppression of certain
macrophages.6 After a bout of damaging eccentric exercise,
healthy individuals with insufficient concentrations of
25(OH)D displayed improved recovery strength as well as
increased serum 25(OH)D at 48 hours and 7 days
postexercise with 4000 IU/d vitamin D3 supplementation.4

In addition, at the same dose of vitamin D (4000 IU/d), the
immune system was positively affected: proinflammatory
cytokines decreased and progression of infections and
diseases was prevented.7,8 Vitamin D may also have
implications for preventing initial inflammation and
oxidative stress.9 Contrary to these positive results, the
authors10 of a year-long randomized, double-blind, PL-
controlled vitamin D study in older adults did not find
decreases in biomarkers of inflammation, but they used a
2000-IU/d dose, which may have been insufficient to
produce robust differences. Deficiency of 25(OH)D may
actually result from chronic inflammation; supplementing
with vitamin D3 during times of immunosuppression,
infection, or marked inflammation may prevent greater
vitamin D loss.11

Overall, vitamin D levels should be assessed at the time
of injury to avoid negative effects from insufficiency or
deficiency. The optimal dose may be 4000 IU/d unless the
patient has sustained a bone fracture. In ideal circumstanc-
es, insufficiency or deficiency would be identified before
injury. Should an individual choose not to take a vitamin D
supplement, dietary vitamin D is found in regular and
fortified foods such as cheese, yogurt, fish, orange juice,
and some cereals.17 Both supplemental vitamin D3 and
dietary vitamin D are generally absorbed equally efficient-
ly.18 Vitamin D is fat soluble, which means it needs to be
consumed with at least 1 serving of fat.

b-Hydroxy-b-Methylbutyrate

A natural metabolite of the EAA leucine, b-hydroxy-b-
methylbutyrate (HMB) may play an important role in the
prevention of protein breakdown and upregulation of
protein synthesis, especially in stressful physiological
situations, such as injury or surgery.79 Specifically, HMB
may regulate the enzymes responsible for muscle tissue
breakdown. During periods of immobilization, HMB may
stimulate protein synthesis by activating the mTOR
pathway, upregulating the repair rate of muscle and tendon
tissue and mitigating myofibrillar degradation, thereby
reducing the amount of muscle loss.80,81 Supplementation
with 3 g (2 3 1.5 g) HMB daily versus PL in elderly adults
during 10 days of bed rest resulted in greater maintenance
of total LBM (�0.17 kg versus�2.05 kg [PL]) and leg lean
mass (�0.08 kg versus 1.01 kg [PL]).82 In addition, in older
adults, consuming 3 g HMB daily for 12 weeks combined
with progressive resistance training resulted in greater
improvements in LBM and upper body strength.83 Although
HMB is commonly found in the diet, typical dietary intakes
range from 0.25 to 1 g daily. Supplemental intakes of 3 g
daily divided into 1.5-g doses have shown the most
effective results for muscle maintenance. Supplemental
HMB may preserve LBM during surgery and immobiliza-
tion, as well as augment LBM when combined with
therapy. No side effects have been reported with HMB;
thus, the potential benefits are likely to be high and the risk
minimal.

Prebiotics and Probiotics

Emerging data have suggested that the gastrointestinal
microbiome could positively affect nutritional outcomes.
About 70% of the immune system is located in the
digestive system, demonstrating the importance of the gut
microflora in immune health. Prebiotics are a group of
nutrients, usually from dietary fiber, that are degraded by
the gut microbiota, producing fuel for the microbiome and
short-chain fatty acids, and that also help with the survival
of probiotics in the stomach.84 Probiotics, often referred to
as ‘‘good’’ bacteria, are live microorganisms that elicit
health benefits in the host when administered in adequate
and consistent amounts. In the surgical setting, antibiotics
often cause a negative shift within the gastrointestinal flora,
which may elicit an undesirable change in nutrient
metabolism.85 Previous authors86 found a reduction in the
rate of postoperative bacterial infections when patients
were given probiotics and prebiotics postsurgery. They also
demonstrated that the microbiome enhanced mucosal
immunity after antibiotic use, thereby decreasing the
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duration and side effects of antibiotic therapy.86 The health
benefits of probiotics are strain specific and dose depen-
dent.87 The strands Lactobacillus acidophilus and Bifido-
bacterium longum have exhibited positive immune effects.
In addition, Bacillus coagulans improved protein absorp-
tion,88 which may be important for rehabilitation. The
recommended dose consumption of either strand is �1010
colony-forming units consumed in fermented foods such as
yogurt or as dietary supplements.89 Supplemental probiotics
are likely to be more effective if stored in the refrigerator
and consumed daily on an empty stomach via high colony-
forming units containing at least the strains L. acidophilus
and B. longum.

Micronutrients

Vitamins and minerals are the most frequently consumed
dietary supplements. Unlike other supplements, vitamins
and certain minerals are considered essential due to their
roles in normal physiological function. Deficiencies in most
micronutrients can be problematic and should be avoided,
especially during times of high stress. Due to the increased
metabolic demands of recovery from injury and surgery,
increased emphasis on micronutrient intake may be
important. Specifically, vitamins A, C, and E have
important roles in immunonutrition for injury recovery
and wound healing.90–92 Vitamin A had positive effects on
wound healing even in a nondeficient state,91 whereas
vitamin C supplementation was largely only beneficial in
patients with severe stress or injury.90 Vitamin E supple-
mentation resulted in decreases in oxidative stress, thereby
decreasing wound healing time.92 The major functions of
these key vitamins and whole food sources are provided in
Figure 8. The Institute of Medicine Committee on Nutrient
Composition of Rations for Combat Operations recom-
mended that nutrients should be provided as whole foods
first, followed by fortified foods and a multivitamin dietary
supplement if an individual is having difficulty consuming
the recommended daily amount of micronutrients via
whole-food sources.93 However, little information is
available on the dose and frequency needed for these
supplements to be effective. Micronutrient intakes above
normal have not been shown to be more effective.3 Despite

the lack of direct data, the risk:benefit ratio of multivitamin
use is low to moderate, with moderate benefit and few risks.

TRAUMATIC BRAIN INJURY OR CONCUSSION

Traumatic brain injuries, including repetitive subcon-
cussive injuries, cause a cascade of neurologic dysregula-
tion.94 After a TBI, axonal damage, neuroinflammation, and
dysregulation of ions (Naþ, Kþ, Ca2þ) occur; the influx of
calcium (Ca2þ) leads to mitochondrial dysfunction and
oxidative stress that contribute to cellular damage.94

Nutritional interventions have the potential to mitigate
symptoms of TBI; this area is ever expanding, with novel
treatments being reported frequently. Several groups95–97

determined that supplementation of x-3 fatty acids
decreased inflammation, cellular death, and damage to the
axons in rodent models. Although studies of x-3 fatty acid
supplementation after TBIs in humans are limited, the
recommended dose of 40 mg/kg/d (4 g for a 100-kg
individual) immediately after injury was effective in
adults.94 In addition, curcumin at a dose of 100 mg/kg
containing 95% curcuminoids reduced neuronal apopto-
sis,97 decreased oxidized proteins,98 and improved cogni-
tion after concussive brain injuries.99 However, further
human research in healthy and clinical populations is
warranted.

In addition to x-3s, CrM supplementation may improve
symptoms after a TBI. Brain creatine is reduced after a
TBI100; creatine supplementation may balance adenosine
triphosphate stores and reduce the negative effects on
energy status. In a recent review101 of healthy and clinical
populations, creatine supplementation of varying doses (4–
20 g/d) enhanced brain creatine between 3% and 10%. A
larger dose of 0.4 g/kg/d (32 g for an 80-kg person) for 6
months post-TBI improved cognitive function and de-
creased headaches, dizziness, and fatigue in children.102

Creatine monohydrate may improve symptoms of TBI by
mitigating nerve damage, mitochondrial dysfunction,
oxidative stress, and inflammation101; however, further
evaluation of these physiological mechanisms in humans is
essential to enable appropriate recommendations after
injury. Consumption of creatine monohydrate is low risk,

Figure 8. An overview of key micronutrients that have been shown to enhance healing and recovery.
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with a high potential for benefits. Thus, a typical 20-g daily
dose (4 3 5 g) for 5 days is a safe guideline.

While nutritional interventions after TBI may be
beneficial, it is also important to consider nutritional
supplements that may be detrimental to recovery. Caffeine
should be avoided before and after a concussive injury,
given that caffeinated rodent models displayed greater
deficits in cognitive and motor tasks as well as greater
edema, neuronal degeneration, and more severe hemor-
rhage.103,104 With high intakes of caffeine in most adults,
caffeine reduction in general and elimination after concus-
sion is advised. Additional resources regarding nutrition
strategies for mitigating symptoms of TBI are avail-
able.105,106

SUMMARY AND APPLICATION

Nutrition plays an essential role in injury recovery and
rehabilitation. Rich data support practical nutritional
recommendations for reducing surgical complications,
minimizing muscle loss during immobilization, and max-
imizing return to play. First and foremost, the individual’s
caloric requirements should be identified to ensure that
energy needs are being met. Higher protein intakes, with
special attention to evenly distributed consumption
throughout the day, will minimize loss of muscle mass
and strength during times of immobilization. Dietary
supplements may be helpful when navigating appropriate
caloric intake and timing with low appetite. When
supported by a strong nutritional plan, the results of
optimal therapy and rehabilitation can be enhanced and
potentially accelerated, helping patients to recover faster
and safely return to play sooner. It is within the scope of an
athletic trainer and physical therapist to incorporate basic
nutritional recommendations, such as those we have
outlined. At the very minimum, conversations with patients
about the timing of their meals with respect to therapy as
well as potential referral to a registered dietitian are
warranted.
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