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Abstract

Injury generates physical, emotional and financial costs and so strategies have been
sought to shorten the recovery period as much as possible. One underused tool is
nutrition. A review of the scientific literature is presented by means of a search in four
databases (Pubmed/MEDLINE, Epistemonikos, Embase and Sportdiscus) on the
pathophysiology of muscle injury and its nutritional modulation. Local changes mediated
by cells and inflammatory mediators and secondary changes in body composition are
described. Published nutritional interventions include increasing dietary protein and
adjusting carbohydrates in line with the athlete’s lower energy expenditure. There are
no studies which have directly evaluated the use of supplements during injury, although
there is mostly encouraging indirect evidence in sarcopenia and muscle recovery.
Nutritional intervention during injury is essential to lessen the negative consequences
of inactivity and should be indicated in an individualised way.

Keywords: injuries, nutrition, nutraceuticals, inflammation, immunomodulation.
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Introduction

The occurrence of injury is something which is inherent
in the life of an athlete even though efforts are made to
prevent it. It involves physical costs and also emotional and
financial ones both for the player and also for the institution
in the case of team sports (Wall et al., 2014). It is known
that half of all sports injuries can be considered serious
with an average of more than three weeks of inactivity
without training or competing (Tipton, 2015). Any pro-
longed injury brings with it periods of rest resulting in loss
of muscle mass, strength and function (Pierre et al., 2016)
so any intervention to decrease the period of immobility
will be significant. Furthermore, the return to competition
may be further delayed by muscle atrophy and increased
abdominal fat which may take several weeks to resolve.
This accumulation of “unwanted” fat tissue is aggravated
by a reduction in the local metabolic rate of the damaged
tissue and by a decrease in the muscle’s sensitivity to insulin
(Abadi et al., 2009; Pierre et al., 2016).

At present there are a number of treatments to foster
and shorten recovery periods including cryotherapy, mas-
sage therapy, muscle stimulation and acupuncture (Dupuy
et al., 2018). New treatments to shorten recovery times
have also been investigated, such as platelet-rich plasma,
monoclonal antibodies which inactivate inflammatory
cytokines and local injection of growth factors among
other invasive techniques. Many of these are expensive
and present potential complications and adverse effects
(Bachl et al., 2009; Mehrabani et al., 2019; Stollberger
& Finsterer, 2019).

One aspect that has been little studied, and at times
underestimated, is the nutritional factor. Proper nutrition
during the period of injury can help prevent the build-
up of abdominal fat and might also optimise the tissue
regeneration process and lessen muscle atrophy. It has
been known for several years that nutrition can activate or
inactivate the expression of our genome. A good example
is leucine, an essential amino acid obtained from food
which can activate the mTOR pathway by triggering
protein synthesis, and hence it is used by many athletes
to gain muscle mass (Duan et al., 2015; Li et al., 2011).
If it were possible to plan a diet with the injured athlete
featuring an appropriate intake of protein, foodstuffs with
anti-inflammatory properties or ones which were able
to modulate the immune response, the recovery period
could be improved by achieving better quality tissue
regeneration in the shortest possible time.

For centuries, many cultures have used foodstuffs with
potential anti-inflammatory effects. However, the vast
majority are not backed by sufficient scientific evidence
to recommend them to athletes. Their usefulness, mecha-
nism of action, appropriate dose and potential adverse
effects are all unknown. It is therefore very important

Nutritional Intervention during Muscle Injury Considering its Pathophysiology: Review Article

to have scientific proof of the highest possible quality
in order to be able to indicate them with certainty as to
their efficacy, thereby averting poor outcomes.

In recent years, studies have been conducted to test
the immunomodulatory and anti-inflammatory effects
of certain foodstuffs, most of which were performed in
patients with sarcopenia or in muscle recovery after an
eccentric exercise session (Beaudart et al., 2017; 2018;
Chevalley et al., 2010; Colonetti et al., 2016; Cooke
et al., 2010; Sousa et al., 2013). Their use in sports
medicine, specifically for a sports injury, is an under-
developed area yet with enormous potential as a future
research strand bearing in mind how this intervention
can reduce personal and financial costs. Consequently,
the purpose of this review was to describe in detail the
pathophysiology of muscle injury in each of its stages
and then to present the most important aspects to be
considered when conducting a nutritional intervention
based on the scientific evidence available.

Methodology
This is a descriptive cross-sectional study of published
articles by means of a narrative review. A search was
conducted between February and July 2019 in four data-
bases (Pubmed/MEDLINE, Epistemonikos, Embase
and Sportdiscus) for scientific articles referring to the
pathophysiology of muscle injury and its nutritional
intervention during the recovery phase. Publications
were included from the beginning of the indexation,
giving priority to the search for systematic reviews and
meta-analyses in the previous three years consistent with
the classification of the quality of the evidence currently
available. Publications not in Spanish or English and any
not available in electronic databases were excluded. Initia-
lly a keyword search was performed with the Mesh tool
including injury, athletic injuries, sports injury, nutrition,
muscle regeneration, creatine, protein, whey protein, beta-
hydroxy-beta-methylbutyrate, HMB, curcumin, vitamin D,
Fatty Acids, Omega-3, Montmorency tart cherry and tart
cherry. A further search was carried out using Boolean
operators such as: “nutrition” OR “sports nutrition” AND
“inj*”, “Athletic Inj*” OR “sports inj*” AND “Sports
Nutritional Sciences”, “Athletic Inj*” AND “nutrition”,
“muscle Inj*” AND “nutrition”, “protein” AND “athletic
Inj*” OR “sports inj*”, “creatine” AND “athletic Inj*”
OR “sports inj*”, “curcumin” AND “athletic Inj*” OR
“sports inj*”, “Fatty Acids, Omega-3” AND “athletic
Inj*” OR “sports inj*”, “vitamin D” AND “athletic Inj*”
OR “sports inj*”, “tart cherry” OR “montmorency tart
cherry” AND “athletic Inj*” OR “sports inj*”. A total
of 21,498 articles were found. Duplicate studies and ones
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that did not match the objectives of the study were elimi-
nated, resulting in 202 publications which were finally
considered in the review. In the review articles found, the
primary studies taken into account by the authors were
used. If no studies were found whose direct purpose was
sports injury, the best available indirect evidence was
sought such as nutritional intervention in the recovery
of muscle inflammation, sarcopenia in older adults or

Figure 1
Summary of methodology and search for information.

Nutritional Intervention during Muscle Injury Considering its Pathophysiology: Review Article

in patients hospitalised after surgery. A summary of the
search strategy is shown in Figure 1.

Results
No systematic reviews or randomised clinical trials con-
cerning nutritional intervention during sports injury were
found, making it impossible to conduct systematic reviews

cherry and tart cherry.

*9

“creatine” AND “athletic Inj*” OR “sports inj*”,

k0

cherry” AND “athletic Inj*” OR “sports inj*”.

Search terms: “nutrition” OR “sports nutrition” AND “in
Sciences”, “Athletic Inj*” AND “nutrition”, "muscle Inj*" AND “nutrition”, “protein” AND “athletic Inj*” OR “sports inj*”,

Search between February and July 2019 in Pubmed/Medline, Embase, Epistemonikos and Sportdiscus.

Keywords using Mesh: injury, athletic Injuries, sports injury, nutrition, muscle regeneration, creatine, protein, whey
protein, beta-hydroxy-beta-methylbutyrate, HMB, curcumin, vitamin D, Fatty Acids, Omega-3, Montmorency tart

I

)

curcumin” AND “athletic Inj*” OR “sports inj*”,
AND “athletic Inj*” OR “sports inj*”, “vitamin D” AND “athletic Inj*” OR “sports inj*”, “tart cherry” OR “montmorency tart

Athletic Inj*” OR “sports inj*” AND “Sports Nutritional

*0 «

Fatty Acids, Omega-3”

'

Search results: 21,498 articles.

Duplicate articles and publications not relevant to the topic of the review were excluded

'

740 articles

Inclusion criteria

- Randomised clinical trials (RCTs) or
systematic reviews (SRs) with no date
limit in relation to nutritional intervention
in sports injuries.

- If no RCTs or SRs were found, animal
or in vitro studies were included.

- In supplements which do not have
studies on sports injuries, other
inflammatory or immobility settings
(sarcopenia, eccentric post-exercise
recovery) were considered.

- Dates: from the beginning of the
indexation until July 2019, giving
priority to articles from the last three
years.

- Languages: Spanish or English.

Exclusion criteria
- Languages other than Spanish or English.
- Articles not available electronically.
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Figure 2

Nutritional Intervention during Muscle Injury Considering its Pathophysiology: Review Article

Diagram of the stages of muscle injury. They occur simultaneously and overlap with each other, which makes it difficult to delimit the

beginning and end of each one.

Inflammation stage

Activation of the first line of
defence of the immune system,
formed by the complement of
mast cells and neutrophils.

Proliferation stage

Activation of tissue
macrophages.

of muscle stem cells.

Activation and proliferation

Remodelling stage

Differentiation of muscle stem
cells and their maturation into
new myofibrils.

Pro-inflammatory environment
that gradually changes to an
anti-inflammatory one

Scar formation of fibrous tissue
by fibroblasts.

concerning the topic. Only five narrative reviews of the
topic were found (Close et al., 2019; Medina et al.,
2014; Tipton, 2010; 2015; Wall et al., 2014) describing
in general terms potential nutritional interventions during
the recovery period. In addition, 152 articles related to
supplements were found which might be useful bearing
in mind their possible mechanisms of action.

Local changes at the site of the muscle
injury

Pathophysiology of muscle injury

Although there are several classifications, one of the
most used divides the changes in the muscle injury into
three stages which overlap, making it difficult to delimit
the beginning and end of them since they occur simulta-
neously. The inflammation stage starts from the moment
of injury until the seventh day with the involvement of
neutrophils, macrophages and lymphocytes. The rege-
neration stage is considered to be approximately from

the second to the seventh day with the activation and
proliferation of the muscle stem cells which migrate and
fuse to replace damaged muscle fibres. Finally, there
is the remodelling stage between the fifth day and the
fourth week when muscle fibres and the extracellular
matrix are formed and regenerated (Cheng et al., 2008).
These stages are summarised in Figure 2.

1) Inflammation stage

Immediately after the injury, an inflammatory res-
ponse begins which can last anywhere from a few hours
to several days depending on the type and severity of
the damage (Tipton, 2010). The first stage of the reco-
very process is called inflammation and is mediated
by activation of the complement, the mast cells and
neutrophils, which are part of the immune system’s
first line of defence.

It is characterised by the necrosis of the damaged
fibres, which release their contents into the extracel-
lular space including chemotactic factors which attract
inflammatory cells.
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Table 1
Summary of methodology and search for information.

Nutritional Intervention during Muscle Injury Considering its Pathophysiology: Review Article

Systematic revigws/ Rgn_domi_sed Narr_ative Total
meta-analysis clinical trials reviews

Pathophysiology of the injury 2 18 25 45
Nutritional intervention in sports injuries 0 0 5 5
Injury supplements

a) Whey protein 3 8 13 24
b) Creatine 3 5 3 11
c) Curcumin 9 9 7 25
d) HVB 6 14 10 30
e) Omega 3 0 11 7 28
f) Tart cherry extract 0 10 5 15
g) Vitamin D 2 11 6 19
Total of articles included 202

The complement system is the first sensor of muscle
damage and is activated within seconds of injury. This
activation allows neutrophils and macrophages to reach the
site of damage (Frenette et al., 2000). In addition, the mast
cells are also activated and their degranulation is one of
the earliest responses of the innate immune system. Once
activated, mast cells release inflammatory cytokines, such
as tumour necrosis factor a (TNF-a), interleukin-1 (IL-
1) and histamine, which in turn recruit more mast cells,
neutrophils and other inflammatory cells (Yang et al.,
2018). Finally, neutrophils are one of the most important
inflammatory cells in the early stages after injury. Like
mast cells, they are activated in skeletal muscle, releasing
inflammatory cytokines such as TNF-a,, IFN-y and IL-1p.
Their activation is very quick and they invade the damaged
fibres within the first two hours of the injury. The number
of neutrophils peaks between six and 24 hours after injury
and declines rapidly by 72 to 96 hours (Arango et al., 2014).
These neutrophils temporarily worsen the muscle damage
and delay the next stage of cell regeneration by releasing
IL-1 and IL-8 which induces the arrival of macrophages
at the site of inflammation (Yang et al., 2018).

2) Second stage. Proliferation

It is characterised by the activation and proliferation
of muscle stem cells associated with the appearance of
macrophages and T cells. Muscle stem cells enable mus-
cle cell regeneration. They are located within the basal

lamina surrounding the myofibres, just between the mus-
cle basement membrane and the basal lamina. They are
present in all skeletal muscles and are associated with all
types of muscle fibres, but not all of them have an equal
distribution. For example, the percentage of muscle stem
cells in adult soleus muscle (slow fibres) is two to three
times larger than in the tibialis anterior muscle (fast fibres).
Furthermore, their number decreases over the years which
would explain why the regenerative capacity of skeletal
muscle in response to damage decreases significantly with
age (Jarvinen et al., 2005).

Macrophages are produced in the bone marrow as
monocytes, which are recruited by the action of neutrophils.
They begin to be seen 24 hours after the injury, increasing
two days later, and then decreasing rapidly until the fifth
day (Tidball, 2005). Macrophages play a primary role in the
regulation of muscle regeneration. They can be classified
into two large groups: activated M1 macrophages, with
an obviously inflammatory role, and M2 macrophages,
also called “alternatively activated”, which are anti-in-
flammatory (Mantovani et al., 2004). M1 macrophages
are the dominant ones during inflammation, removing
the cellular debris generated by the trauma as a result of
the release of cytokines such as TNF-a, IL-6 and IL-1p.
TNF-a plays an important role in muscle regeneration.
Laboratory studies with mice without this cytokine or
with blockage of its receptor showed severe alterations
in muscle regeneration (Chen et al., 2005). TNF-a can
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attract muscle stem cells to the site of injury and promote
their proliferation by activating the nuclear transcription
factor kappa B (NfKp).

IL-6 is produced by multiple inflammatory cells,
including macrophages and T-cells. It has been shown
to stimulate myoblast migration, proliferation and
differentiation. In animal models with overexpression
of IL-6, activation of muscle stem cells was increased.
In addition, IL-1f is mainly produced by macrophages,
fostering the arrival of other macrophages and T cells and
stimulating the production of IL-6 by muscle stem cells
(Yang et al., 2018).

T cells are the largest cell population to be recruited in
the second stage of inflammation. Both CD8+ and CD4 +
cells are attracted to M1 macrophages, appearing at the
site of injury on the third day and remaining until the tenth
day (Cheng et al., 2008). Similar to macrophages, T cells
synthesise a variety of growth factors and cytokines to
modulate the inflammatory environment. Mice with T-cell
deficiency show alteration in the regeneration process while
adding them makes it possible to regain the regenerative
process (Fu et al., 2015). Furthermore, the application of
peptides secreted by human T cells accelerates the regener-
ation process, suggesting that these cytokines and growth
factors secreted by T cells facilitate muscle regeneration
(Yang et al., 2018).

3) Third stage. Remodelling

In this stage, muscle stem cells differentiate and mature
into new myofibres. The pro-inflammatory environment
gradually becomes an anti-inflammatory one, which is
brought about by the change of macrophages from M1
(pro-inflammatory) to M2 (anti-inflammatory). M2 macro-
phages produce anti-inflammatory cytokines such as IL-4,
IL-10 and IL-13. In addition, M2 macrophages are involved
in the late stages of muscle regeneration. The absence
of M2 macrophages leads to delayed muscle growth and
inhibits muscle differentiation and regeneration.

Regulatory T cells are a type of T cell. Their number is
low during the early stages of inflammation but increases
sharply in later ones (Fu et al., 2015). These regulatory
T cells secrete IL-10 and other cytokines to facilitate the
conversion from M1 to M2 macrophages.

In lockstep, a scar of connective tissue is gradually
formed at the site of the hematoma by the action of fibro-
blasts and which is designed to provide an anchor for the
new myofibrils in formation. Fibroblasts are cells with a
key role in tissue regeneration since they proliferate in
close relationship with muscle stem cells. The absence of
fibroblasts leads to early differentiation of the muscle stem
cell, preventing the formation of myofibrils. Although
fibroblasts are responsible for the formation of the fibrous
scar, reciprocal stimulation with the muscle stem cells is

Nutritional Intervention during Muscle Injury Considering its Pathophysiology: Review Article

very important to define whether a new myofibril will form
or an unwanted collagen scar will develop.

A) Secondary changes during an injury

The period of inactivity associated with the inflamma-
tory mediators during the injury has other consequences
which if not addressed will further slow down the return
to competition and the previously existing level of play.

A.1 Muscular atrophy

When an athlete has a major injury, in most cases there
is an initial period of immobilisation or reduced physical
activity called the “immobility or atrophy stage”, which
can range from a few days to several months. Inactivity
can result in significant losses of muscle mass and strength,
which in turn also alter the structure and function of the ten-
don. Significant losses of muscle mass have been described
with only five days of immobilisation. However, changes in
gene expression within the first 48 hours of rest have also
been studied. These changes in muscle mass are due to an
imbalance between protein synthesis and protein degrada-
tion. Studies with isotopic markers show that both protein
degradation and synthesis decrease after 14 days of strict
bed rest, but synthesis is affected to a greater extent thus
generating this negative protein balance (Tipton, 2015).

A.2 Loss of muscle metabolic flexibility

Metabolic flexibility is defined as the ability of the
body to respond or adapt to energy or metabolic demands
in a given situation. It has been linked to the generation
of insulin resistance, obesity and type 2 diabetes mellitus
(Goodpaster & Sparks, 2017). Mitochondrial oxidative
function and metabolic flexibility are affected during the
first weeks of rest as mitochondrial protein transcription
lessens, signalling pathways related to mitochondrial biogen-
esis decrease and there is a significant fall in mitochondrial
enzyme activity. Some of these changes are already visible
48 hours after the start of inactivity. This mitochondrial
dysfunction leads to lower glucose transport by GLUT4
generating resistance to the action of insulin (Tipton, 2015),
which also later on impacts the build-up of total body fat.

A.3 Anabolic resistance

During this rest period and associated with the syn-
thesis of inflammatory mediators which also takes place
at this stage, “anabolic resistance” is generated in which
the response of muscle protein synthesis with the amino
acids available is reduced. It is suggested that this anabolic
resistance might be produced by slowed down digestion and
absorption of amino acids, an alteration in muscle micro-
vascular perfusion which would alter the incorporation of
amino acids by the muscle and a blockage in intracellular
anabolic molecular signalling (Glover et al., 2008).
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A.4 Bone, tendon and ligament alterations

Immobilisation affects not only the muscle cell but also
all the supporting tissue which is directly and indirectly
involved with the muscle. During immobilisation, the
synthesis of collagen by the tendon decreases, altering its
mechanical properties which are critical to its functioning
(Tipton, 2010). However, the changes which take place
in the connective tissue surrounding the injury still need
to be studied.

A.5 Deregulation of energy needs

It is obvious that energy requirements will be lower
during the immobilisation stage as there is no training or
competition. However, there are other changes in ener-
gy requirements which should also be borne in mind.
The healing of the muscle injury itself will induce higher
local energy demand due to the need to synthesise new
proteins for recovery. This additional energy expenditure
may increase by 15% to 50% depending on the degree
of inflammation and severity, size and duration of the
injury (Tipton, 2015). Furthermore, if the injury is in the
legs, there will be problems with walking and sticks or
braces will often be needed which can double the energy
requirements for walking (Tipton, 2015). Consequently,
the new energy requirements of the injured athlete need to
be calculated individually depending on the type of injury
and their daily activity.

A.6 Psychological and emotional response

When an injury occurs, the athlete experiences not only
physical changes but also emotional ones. The recovery
period will be a difficult time of anxiety and depres-
sion with the uncertainty of not knowing exactly what
the rehabilitation process will be like and the potential
implications for their performance when they return to
competition. Dietary alterations are common, which may
range from an increase in consumption of high-calorie
foods to excessive restriction, both of which have con-
sequences for their body composition. An athlete with
depressive symptoms will adhere less to the medical team’s
nutritional guidelines, so ideally it would be important to
work with a sports psychologist to change the athlete’s
perception of this period.

B) Nutritional intervention during injury

The first nutritional intervention described in the
literature during the immobilisation period is to avoid
nutritional deficits in vitamins, minerals and macronu-
trients. The macronutrient which would most impact
recovery from injury would be protein in the diet, since
it would not only alter myofibrillary protein synthesis but
also have a direct effect on muscle metabolism. There are

Nutritional Intervention during Muscle Injury Considering its Pathophysiology: Review Article

no studies which have determined the amount of protein
needed to prevent muscle atrophy specifically during the
dormant period of an athlete’s injury. Studies in men by
Tipton et al. showed that providing high doses of protein
(2.3 grams of protein per kilogram) decreased the loss
of muscle mass in periods of negative energy balance
compared to athletes who received 1 gram of protein
per kilogram per day. This study was not conducted on
injured athletes but rather during periods of weight loss
(Tipton, 2015). It is known that providing 20 to 25 grams
of protein in healthy active people in one dose maximis-
es protein synthesis and anabolic resistance while the
reduced physical activity suggests that a greater amount
should be provided. This higher intake, which has not
been described to date, should be distributed throughout
the day. In the case of essential amino acids, there are
also no papers on sports injuries.

The second intervention recommended in the literature
is to adjust the athlete’s energy requirements. It is evident
that the injured athlete will burn fewer calories per day
due to their inactivity than one who trains normally.
However, this adjustment is not so simple since other
factors have to be taken into account. Scarring and pro-
tein synthesis generate an increase in energy expenditure
which can rise by up to 50% depending on the type and
severity of the injury and is estimated at up to 500 kcal
in a man with significant muscle mass (Tipton, 2015).
Furthermore, secondary expenditure on walking needs to
be considered; an athlete who has to remain at complete
rest in bed will not be the same as one who needs sticks
which calls for greater energy expenditure. In spite of
the above analysis, most often the injured athlete worsens
their body composition due to their physical inactivity,
increasing their fat mass both in the abdomen and in the
limbs. It should be noted that not only is it important to
adjust total daily calories but also the proportion of each
of the macronutrients by decreasing carbohydrates and
proportionally increasing protein intake.

Finally, the third intervention is the use of dietary
supplements including whey protein, creatine, HMB and
anti-inflammatories such as curcumin and tart cherry
extract among others. To date, there are no studies using
these supplements in sports injuries, but there is indirect
evidence of their likely usefulness. Whey protein and
curcumin have been shown to decrease inflammatory
markers such as TNF-a, IL-1a and IL-1p (Derosa et
al., 2016; Patel, 2015), so they could be used as immu-
nomodulators in the early stages of muscle injury. An
in vitro study showed that tart cherry can reduce COX-2
activity by 38.3%, which is equivalent to the effect of
anti-inflammatory drugs such as ibuprofen or naproxen
(Bell et al., 2013). Likewise, vitamin D receptors (VDR)
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have been found in in vitro studies on muscle stem cells
which provide muscle regeneration after injury (Braga
et al., 2017).

While there is indirect evidence for the use of dietary
supplements to modulate muscle inflammation, the pos-
sible outcomes during an injury are unknown as the
inflammatory process is acknowledged to be vital for
proper tissue regeneration. For example, COX-2 through
PGE2 plays a role in fibroblast proliferation and is a
potent regulator of TGF-$1, which in turn is involved
in collagen synthesis. Blocking TNF-a has also been
shown to have negative effects on the recovery process,
especially in its late stages (Sass et al., 2018; Tidball,
2005). Consequently, if it were possible to learn the right
time to reduce inflammation without affecting the quality
of the new tissue by using the appropriate supplements
and/or foods, this process could be better modulated.

Table 2
Evidence for major nutritional supplements.

Nutritional Intervention during Muscle Injury Considering its Pathophysiology: Review Article

An example would be to modify the activation of M1
macrophages towards an anti-inflammatory response
mediated by M2 macrophages in chronic injuries with
components present in the diet such as curcumin or tart
cherry extract, which would make it possible to control
the excessive inflammatory response which emerges in
certain injuries.

Discussion

There are only a few published papers at present concerning
nutritional interventions during the period of an injury.
The vast majority of studies are conducted to promote
muscle recovery or prevent osteopenia in older adults
which means they are only indirectly applicable. More
research on young athletes with sports injuries is needed
to better apply the results.

Whey protein

+ The milk protein-supplemented group showed greater bone callus in area and volume than the control group in tibia fracture in mice

(Yoneme et al., 2015).

* In knee arthroplasty, the placebo group had large quadriceps muscle atrophy at -14.3+3.6% change after two weeks from surgery
compared to -3.4+3.1% in the supplemented group. Positive effects were also evident at six weeks of follow-up (Dreyer et al., 2013).

+ In older adults with sarcopenia, a systematic review concluded that providing protein plus strength exercises was significantly more
effective in preventing age-related muscle loss than the group using only strength exercises without protein supplementation (Liao et

al., 2017).

Creatine

« In athletes after two weeks of inactivity, the creatine-supplemented group showed greater changes in the muscle cross-sectional area of
the fibre (10% higher) and in maximal strength (25% higher) during the rehabilitation phase (Hespel et al., 2001).

+ In healthy people in the immobilisation phase, creatine was able to prevent the decrease of muscle GLUT4 during immobilisation,
increasing its content by 9% during the rehabilitation period compared to a decrease of 20% in the control group (Eijnde et al., 2001).

Beta-hydroxy-methyl-butyrate (3-hmb)

+ In a systematic review conducted in older adults for prevention of sarcopenia, increased muscle mass was obtained in the HMB group
(0.352 kg; 95% Cl: .11, .594) without showing significant changes in muscle strength (Wu et al., 2015).

* The use of B-hmb was more potent in reducing muscle catabolism (.38 +.04) than leucine (.76 +.04) and a-ketoisocaproate (.56 +.04,

p<.05) (Duan et al., 2018).

Curcumin

- Systematic review in patients with arthritis, decreased pain and inflammation-related symptoms, with similar results to ibuprofen and

diclofenac sodium (Daily et al., 2016).

« The review showed the usefulness of curcumin in patients with osteoarthritis by inhibiting the gene expression of COX-2 but not COX-1,
inhibiting the production of nitric oxide unlike the anti-inflammatory drugs (NSAIDs) studied. However, it was less effective than NSAIDs

in blocking PGE, (Henrotin et al., 2013).
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Table 2 (Continuation)
Evidence for major nutritional supplements.

Vitamin D

« Vitamin D receptor (VDR) is expressed in the muscle stem cells that provide muscle regeneration after injury (Braga et al., 2017).

+ Systematic review published in 2015 showed conflicting results among the studies included in recovery of strength after inducing muscle
damage due to exercise (Minshull et al., 2015).

Omega 3

+ Study with six weeks of supplementation with 3 grams per day did not alter strength, pain or inflammatory markers of muscle damage
after 50 maximum repetitions of eccentric isokinetic knee extension exercises (Da Boit et al., 2017).

+ Study conducted on 22 paddlers, supplementation of 6 grams per day of fish oil (with 1.2 g DHA and 2.4 g EPA) for four weeks decreased
the production of TNFa, IFN-y and IL-1f while increasing IL-6 and IL-10 (Delfan et al., 2015).

+ Study conducted on young aerobic endurance athletes supplemented with 3.6 grams per day for six weeks did not alter levels of cyto-
kines, creatine kinase or immune cell numbers (Da Boit et al., 2017).

Tart cherry extract

« In vitro study showed that tart cherry extract can reduce COX-2 activity by 38.3%, which is equivalent to the effect of anti-inflammatory
drugs such as ibuprofen or naproxen (Bell et al., 2013).

« A study of 16 semi-professional soccer players using 30 ml of tart cherry extract twice daily showed that IL-6 levels decreased significant-
ly compared to the control group after intense intermittent exercise (Bell, Stevenson et al., 2016).

+ In half-marathon runners, inflammatory markers were 47% lower in the tart cherry extract group compared to placebo (p=.053) (Levers

etal., 2016).

A key stage in recovery from an injury is the inflam-
matory stage in which multiple inflammatory mediators,
immune system cells and components of the extracellular
matrix interact to initiate tissue repair. This stage could
be modulated with anti-inflammatory foods to shorten the
recovery period and thus reduce costs. However, it is
known that the inflammatory process is vital for proper
tissue regeneration. For example, blocking TNF-a has
also been shown to have negative effects on the recovery
process, especially in its later stages (Sass et al., 2018;
Tidball, 2005). Consequently, if it were possible to identify
the right time to reduce inflammation without affecting
the quality of the new tissue by using the appropriate
supplements and/or foods, this process could be better
modulated. An example would be to modify the activation
of M1 macrophages towards an anti-inflammatory response
mediated by M2 macrophages in chronic injuries with
components present in the diet such as curcumin or tart
cherry extract, in which case the excessive inflammatory
response which takes place in certain injuries might be
controlled (Table 3).

A very important point, and one which many athletes
overlook, is that in order to get back to competition in
the shortest time and at the highest possible level, not
only does inflammation have to be modulated but also
muscular atrophy and the accumulation of adipose tissue

during the recovery period should be prevented as far as
possible. The less atrophy and less increase in body fat
there is, the faster recovery to the pre-injury level will
be. It may take several weeks or even months to lose
an excessive amount of fat and strengthen the muscles.
This additional time is added after the athlete receives
medical clearance to resume training and match play
following a prolonged injury. To achieve these objec-
tives, it is essential to adjust the energy requirements of
the athlete by reducing their intake of carbohydrates and
increasing protein in the diet to promote recovery. This
adjustment needs to be individualised and tailored to each
athlete. Severe calorie restriction may reduce protein
synthesis by 20% to 30% (Tipton, 2015) which alters
tissue regeneration and will exacerbate muscle atrophy.
Regular monitoring is crucial to fine-tune the athlete’s
diet as they increase their physical activity.

There are no studies directly evaluating the use of
supplements in sports injuries. As noted above, it is dif-
ficult to draw valid conclusions given the varying doses,
types of patients and exercise protocols performed. It is
also hard to assess the impact of an isolated dietary com-
ponent bearing in mind how challenging it is to control
intake of other foodstuffs which may influence outcomes.
In addition, the variables measured are often subjective
and not easy to quantify such as the level of pain or the
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Table 3

Summary of the main inflammatory mediators present in recovery from a sports injury with their potential nutritional modulation based

on current data.

Mediator Function Nutritional intervention and its evidence
or marker
IL-1a Stimulates the immediate immune Systematic review shows a decrease with the use of curcumin as
response. an adjuvant treatment with infliximab in Crohn’s disease (Schneider
et al., 2017).
Whey protein reduces its level, acting as an immunomodulator
(Patel, 2015).
IL-18 Promotes the arrival of macrophages Whey protein reduces its level, acting as an immunomodulator
and B-lymphocytes. (Patel, 2015).
Promotes production of IL-6 by Curcumin associated with resveratrol neutralised IL-10 -induced
muscle cells. type Il collagen inhibition (Henrotin et al., 2013).
Omega-3 decreases its levels in paddlers engaged in intense
exercise (Delfan et al., 2015).
Curcumin decreases its levels in in vitro studies (Karimian et al.,
2017).
IL-2 Promotes the proliferation of Omega 3 increases its levels in paddlers engaged in intense
T-lymphocytes and memory cells. exercise (Delfan et al., 2015).
Whey protein increases its levels (Patel, 2015).
IL-4 Secreted by Th2 T helper cells Whey protein increases its levels (Patel, 2015).
with anti-inflammatory effect that
suppresses the Th1 response.
IL-6 Pro-inflammatory cytokine produced Meta-analysis shows that curcumin significantly decreases its
by macrophages, monocytes and levels (Derosa et al., 2016).
muscle cells among others. Curcumin decreases its levels in in vitro studies (Henrotin et al.,
2013).
Tart cherry extract decreased its level after intermittent intense
exercise (Bell et al., 2016).
Omega 3 inhibits its synthesis by the endothelial cell (Cap6 et al.,
2016).
IL-7 Anti-inflammatory effect. Whey protein increases its levels (Patel, 2015).
Participates in the maturation of T
and B lymphocytes.
IL-8 Produced by monocytes, neutrophils, Whey protein increases its levels (Patel, 2015).
fibroblasts and epithelial cells. Curcumin decreases its levels in in vitro studies (Henrotin et al.,
Factor that attracts lymphocytes and 2013).
trophils. . ,
nedtrop Omega 3 inhibits its synthesis by the endothelial cell (Cap6 et al.,
2016).
IL-10 Anti-inflammatory cytokine. Omega 3 increases its levels in paddlers engaged in intense
Inhibits pro-inflammatory cytokines of exercise (Delfan et al., 2015).
T-lymphocytes and macrophages.
Fosters the shift from M1 to M2
macrophages.
TNF-o Induces vasodilation, increased Systematic review shows its reduction using curcumin (Sahebkar et

Prostaglandin E,
(PGE,)

vascular permeability and infiltration
of lymphocytes, neutrophils and
monocytes.

Powerful vasodilator.

al., 2016).

Omega 3 decreases its synthesis after eccentric exercise (Da Boit
et al., 2017; Delfan et al., 2015).

Whey protein reduces its level, acting as an immunomodulator
(Patel, 2015).

Curcumin decreases its levels in in vitro studies (Henrotin et al.,
2013).
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Table 3 (Continuation)

Nutritional Intervention during Muscle Injury Considering its Pathophysiology: Review Article

Summary of the main inflammatory mediators present in recovery from a sports injury with their potential nutritional modulation based

on current data.

Mediator Function Nutritional intervention and its evidence
or marker
Leukotrienes Pro-inflammatory mediator derived Omega 3 decreases their levels by competing with arachidonic acid

from arachidonic acid.

Cyclooxygenase 2
(COX-2)

Enzyme that allows the synthesis of
prostaglandins from arachidonic acid.

Total creatine kinase
(CK)

C-reactive protein
(CRP)

Muscle damage marker.

Inflammatory response marker.

(AA) (Capo et al., 2016).
Tart cherry extract inhibits it by 38.3%, equivalent to the effect of
ibuprofen or naproxen (Bell et al., 2013).

Curcumin decreases its levels in in vitro studies (Henrotin et al.,
2013).

Omega 3 decreases its synthesis after eccentric exercise (Da Boit
etal., 2017).

Meta-analysis shows its decrease with the use of curcumin
(Sahebkar, 2013).

degree of injury healing. The above data call for careful
analysis of the results of the available studies without
drawing definitive conclusions and trying to apply them
with criteria specific to each case until new scientific
evidence for enhanced applicability emerges.

It is important to underline that the best nutritional
intervention is to give priority to an appropriate diet
by encouraging consumption of fruits and vegetables.
If there is a need to add to daily protein intake, this
can be done by increasing its consumption via food. In
situations where it is difficult to provide large quantities
through diet, as is the case with curcumin, supplements
can be used to obtain suitable plasma levels more easily
and conveniently.

Further studies will be needed in the coming years
to investigate the relationship of food with immune and
systemic inflammation processes. In the nutritional field,
new research avenues should be opened on sports injuries
to determine which foods or supplements stimulate the
muscle stem cells to regenerate the damage, modulate the
inflammatory response by fostering the anti-inflammatory
activity of M2 macrophages, prevent the formation of a
fibrous scar and avert muscle atrophy due to immobility
as much as possible. Apart from their usefulness, the
appropriate doses, the best time for their administration
and their possible adverse effects also need to be known.

Conclusions
Considering both the pathophysiology and the multiple local
and secondary changes after a sports injury, personalised
nutritional intervention is called for in an athlete with a
long recovery injury based on the recovery stage they have
reached. Macronutrients should be tailored to the new energy
requirements of a recovering athlete through a personalised

diet. This would make it possible to control the inflamma-
tory process, enhance the quality of muscle regeneration,
shorten recovery times and minimise muscle atrophy and
the accumulation of abdominal fat, thus adding to the work
done by physiotherapists and rehabilitation therapists. To
date, there is not enough scientific evidence on the use of
food and supplements in sports injuries. More research
designed specifically for these patients is needed to specify
the foodstuffs and supplements which are beneficial, the
right doses, the right time and the duration of treatment.
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