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ABSTRACT

Any unaccustomed activity especially eccentric exercises leads to features like pain, oedema
lack of strength and range of motion in corresponding joints and muscles. These features
typically start 8-12 hrs following activity, peaking between 24-48 hrs and lasting 96 hrs or
beyond 96 hrs post activity. This phenomenon is called Delayed onset muscle soreness
(DOMS) and is also known as muscle fever.. It was first explained by Theodre Hough(1905)
and since then new theories have been postulated to understand it. Physiotherapy is one of
the major main stays of its management. Even though pharmacological agents have been
researched on efficacy is not well established .Physiotherapy management includes many
interventions like cryotherapy, thermotherapy, stretching, exercises, electrical currents, Soft
tissue massage. This review is humble attempt to understand the basic mechanisms
underlying delayed onset muscle soreness and its management with special emphasis on
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physiotherapy management.

I. Introduction

Pain followed by exercises can be attributed to a number of
reasons. Sometimes the pain is experienced throughout the
exercise and recovers speedily later. But in some cases
especially after unaccustomed or eccentric exercises there is no
pain during or immediate post exercise periods and the pain
begins after 8-24 hrs is a different kind of pain. This kind of
state of affairs is referred as Delayed Onset Muscle Soreness.'®
Delayed onset muscle soreness (DOMS) described as sensation
of pain experience 8-12 hrs following exercise, peaking between
24-48 hrs and lasting 96 hrs or beyond 96 hrs post induction. It
has been particularly associated with eccentric exercise>**’. The
cardinal sign and symptoms of DOMS are pain, decrease in
range of motion, decrease in muscle strength and change in
biochemical markers***"%° Hough T. (1902)'° was the first
one to to print a primary report on muscle soreness where he
investigated this soreness by ergographic means that and
reported two varieties of soreness. One appeared throughout
work and lasted for three to four hours and the other opposite
didn't seem removed from ten to twenty four hours when the
work had ceased. The first type of soreness might have been
caused by the pressure from the swollen muscle fibre on the
sensitive nerve endings or by chemical stimulation of nerve
endings. Whereas the second soreness might have been the
results of tension within the muscle thanks to rupture of the
muscle fibers or of the supporting tissue, in order that the strain
was transferred to the tendon.
Il. Theories associated with DOMS

There are certain physiological changes that have been
observed in the muscle following eccentric activity. These are --
- Miniscule tears to muscle tissue which is accountable for the
discharge of chemical substances that stimulate free nerve
endings like Histamines, anaerobic metabolites and chemical
action enzymes; Development of osmotic pressure inflicting
swelling of encompassing tissues (fluid retention) ;cramps or
muscle spasms leading to decrease activity; Alterations in cells
calcium regulation mechanisms; Inflammatory responses that
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result in enhanced white corpuscle count,interleukin-1 beta,
white blood corpuscle and accumulation of leucocytes **

To understand the development of these physiological
features associated with DOMS various ideas have been floated
but none was found to be conclusive.

Out of the suggested ideas six theories have been found to
be proposing understandable reasoning. But one theory alone
will not able to explain so a combination of more than one
theory will be required to completely understand the mechanism
of DOMS. These theories are Inflammation theory, connective
tissue injury theory, Muscle injury theory, excess metabolite,
muscle spasm and protein outflow theory .The brief overview of
these theories have been explained even though detailed reading
is suggested
Inflammation Theory:

The inflammation theory is predicated on the finding of
inflammatory response i.e. hydrops formation and inflammatory
cell infiltration which are the cardinal signs of DOMS®* It
appears probably that acute structural harmto muscle tissues
initiates the prevalence of DOMS.

This might then create a sequence of events that ends up in
sphacelus (cell death) peaking at around forty eight hours after
exercise. Eccentric exercise ends up in injury to plasma
membrane, setting of associate inflammatory response®. Muscle
fibre contains chemical action enzymes that initiate the
degradation of macromolecule and macromolecule structure of
cell following injury®. Inflammatory response ends up in
autocoid leukotriene synthesis. PGE2 directly causes pain by
sensitizing sort 11l and IV pain receptive to the result of
chemical stimulation. Leukotrienes will increase tube porosity
and attract neutrophils to the positioning of injury.

This generates free radicals that exacerbate injury to the
plasma membrane. Swelling results from the movement of cells
and fluid from the blood stream into the opening house with
inflammation and might contribute to the feeling of pain®.
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Connective Tissue injury Theory:

Damage to connective tissueas aresult of muscular
contraction results in deep tissue harmand an imbalance in
albuminoid metabolism thus contributes to DOMS. This theory
examines the role of the connective tissue that forms sheaths
around bundles of muscle fibers. The content and composition
of connective tissue differs between muscle fibre varieties. Type
I is more liable to injury than type 11 ¥4

Tullison and Armstrong(1981)™ reported that low simple
sugar monophosphate shunt activity ensuing from eccentric load
as indicative of selective damage to the connective tissue as
compared to muscular damage. Other explanations can be
disruption of sarcoplasmic reticulum *® and location of group 1V
sensory fibers within the connective tissues
Muscle injury Theory:

Tears and ruptures of muscle fibers as aresult of the
structural changes to the muscle fibers brought about
by concerned eccentric muscle contractions lead to the
development of muscular tissue damage theory. The very
small injury stimulates flow of white blood cells to the area of
harmin response to acute inflammation and ends up in the
discharge of histamines and prostaglandins that are accountable
for activation of pain receptors. This forms the premises of
Hough's Torn Tissue Hypothesis. This was initially projected by
Hough (1902)° and its focus was on disruption of contracted
element of the muscle tissue; notably at the extent of Z line
following  eccentric  exercise®®*®,  The  characteristic
microscopic lesion is that the broadening, smearing or perhaps
total myofibrillar disruption of the Z line**. Mechanical
disruption to the structural components is hyperbolic, notably
amongst the kind I1 fibers that have the narrowest and weakest Z
line. This stimulates the nociceptors thus leading to pain®®.this
was also supported by an increase in blood enzyme level of
plasma CK.?

Excess metabolite Theory:

This theory postulated that there is a build up of lactic acid
post exercise which is reason for the symptoms. It was propose
by Helwigg( 1934)™ but the theory was eventually rejected by
Asmussen in 1956 because the higher degree of metabolism
related to homocentric contraction did not lead to similar
sensation of delayed soreness™. Schwane et al (1983)% also
reported the recovery of carboxylic acid levels to pre exercise
levels by inside one hour and no relation was found in between
soreness and these levels following downhill running .

Muscle Spasm Theory:

It was propsed by De Vries in 1961. It was based on the
premises that hyperbolic resting muscle activation indicated a
tonic localized spasm of motor units. This was thought to steer
to a compression of pain substances thus successively initiating
a “vicious cycle” (de Varies 1966)". Additional stimulation of
pain nerve endings caused additional reflex cramp and
prolonged ischaemic condition. However, electromyographic
studies have been inconclusive?.

Enzyme outflow Theory:

This is one of the more recent theories predicated on the
model developed by the Armstrong (1984)% during which
metallic element from the interstitium accumulates within the
eviscerate muscle following sarcolemmal injury high
mechanical forces made throughout muscular exercise, notably
in eccentric exercise inflicting disruption of structural
macromolecule in myofibers and also the connective tissue
between actin and myosin cross bridges. Structural alteration to
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the sarcolemma or alteration within the porosity within the
plasma membrane, ensuing from the high mechanical forces
results in influx of calcium from the intrestitium this
accumulation in turn inhibits respiration at the mitochondrial
level inflicting adenosine triphosphate regeneration to impede,
and is assumed to activate cellular enzyme and phospholipase
inflicting additional injury to the tissue layer because the
production of leukotrienes and prostaglandins. Intracellular
components in interstitiuma ns plasma increase thus drawing
monocytes that convert to scavenger cell and activate mastocyte
and histocyte within the space of injury. Armstrong hypothesise
that the buildup of amine, kinins and K within the interstitium
stirred free nerve endings of cluster 1V nerve cell, that activated
the nociceptors and leading to the feeling of DOMS?.

I11. Clinical signs and symptoms

Cardinal signs of DOMS are pain with swelling, stiffness,
muscular tenderness and strength loss. The pain and impaired
clinical sign ends up in short term incapacity related to DOMS;
but, there's no proof that there's any future injury or permanent
reduced muscle perform. Strength loss typically peaks right
away after exercise or inside the first forty eight hours with full
recovery usually taking over five days. Pain and tenderness peak
1-days post exercise, subsiding inside seven or so days.

Stiffness and swelling typically peak 3—4 days post exercise
and generally resolves inside ten days. These numerous
symptoms can also exist independent to each other.’

Pain:

Pain is one of the major debilitating feature and cardinal
symptoms related to tissue injury and inflammation 2***.Pain in
DOMS does not serve the basic purpose of joint protection
because here it is developed post exercise”®. People typically
begin to feel muscular soreness within the space of the
musculotendinous junction between eight and twenty four hours
post exercise, with peak levels occurring at around 24-48 hours®

The generation of somatesthesia involves activation of pain
afferents, presumably type-I1l and type-1V fibers, additionally
bound chemical substance are needed for generating these
sensations. Though substances like amine, bradykinins,
neurotransmitter, K and 5-hydroxytryptamine are projected as
candidates, it seems that the foremost seemingly candidates are
prostaglandins of the E series (PGE). PGE doesn't directly
cause pain however instead sensitize nociceptors, therefore
manufacturing a state of hyperalgesia **°. The precise
mechanism answerable for the delay in pain isn't totally
understood. However, in keeping with Smith (1991)° the organic
chemistry rationalization is said to be the delay in scavenger cell
entry into the eviscerate space. In response to eccentric based
mostly exercise; macrophages are present in giant numbers at
twenty four and forty eight hours post exercise. He prompts that
the feeling of pain was associated with the synthesis of PGE2 by
the macrophages®. It’s projected that presence of macrophages at
the position of injury, seen throughout acute inflammation and
when eccentrically biased exercise in I is presumably answerable
for the biogenesis of the PGE2%.

Hydrops /oedema/ swelling:

It is often associated with acute inflammation®?’. This
swelling or hydrops could be a result of increase porosity of
small bold vessels that exudates to flee into the tissue of injury
space. Many studies using humans to investigate an association
between DOMS and swelling*#?. All reported a rise in limb
volume at twenty four, 48, seventy two hrs when eccentric
muscle action1,?, however not in response to isometric or
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homocentric muscle actions®. It was postulated to be because of
number of reasons like-rise in contractor pressure???; the
attraction of water to free proteins accumulating within the
interstitium following injury®® According to Friden et al (1992)"
increase within the limb volume seen throughout the initial forty
eight hrs when unaccustomed eccentric action replicate dropsical
swelling and an increase seen thenceforth presumably replicate
increase synthesis of connective tisue™.

Stiffness /Decrease in range of Motion:

A reduction in joint range of motion and a discount in shock
attenuation are ascertained in periods of severe muscle soreness.
It looks seemingly that the restriction in motion related to
DOMS arises from a loss of strength®, additionally as swelling
inside the perimuscular connective tissues, particularly within
the region of the myotendinous junction®. This may be a
mechanism for allowing the muscle to rest and heal %%
Decrease in Muscular Strength:

This loss in strength can be attributed to the disruption in
muscle fibers and their connective tissue®. Loss of function is
associated with loss of force generating capacity®. This
mechanism is not well understood but can be attributed to pain®,
hydrops®, reflex inhibition 2* | fatigue °, muscle damage® or
combination of one or more of these factors.

What is more is that one cannot discount associate
involvement of system in attenuating the strength loss and
facilitating recovery. A modification might occur in neural
activation pattern that will bypass the additional severely broken
fibers. There’s associate proof to indicate that electromyogram
patterns are altered forth with and up to forty eight hours post
eccentric exercise®

Another rationalization of the prolonged strength loss could
also be that segment is stretched by performance of the
continuation actions. Segment length isn't uniform over the
length of the fibers, shorter sarcomeres are found towards the
ends®. With the continuation of action force a number of the
central segment of sarcomere is pulled apart, the overlapping
between simple protein and globulin would be reduced, thereby
reducing the number of cross bridges that might form®.

IV Biochemical markers related to DOMS

Many studies have assessed the looks of muscle
macromolecule within the blood when eccentric exercise to
supply circumstantial evidence of muscle injury. The muscle
enzyme lactate dehydrogenase, aspartate, transaminase,
chemical element anhydrase, anhydrase isozyme Il and amino
acid enzyme (CK) has been assessed®*.

V. Treatment and Management ways for DOMS

Despite the appreciable quantity of analysison DOMS
treatment, none of the technique till date, have
established confirmatory results in preventing or treating it
effectively. Among the favored interventions are anti-
inflammatory medicine (NSAIDs); nutritionary supplements;
and physiotherapy. Amongst all of these treatments available
physiotherapy interventions emerges as a promising treatment
for DOMS. There are various options like soft tissue massage,
Ultrasound, thermotherapy etc which have been suggested but
studies met with restricted success and a sound and consistent
treatment for DOMS has not however been established. A brief
overview of available intervention has been given below:
Pharmacological Treatments:

The value of anti-inflammatory medical care within the
treatment of DOMS is unclear, with the bulk of studies showing
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no effects despite a attainable theoretical basis for its
efficacy®3*%

It has been postulated that NSAIDS inhibit the metabolism
of arachidonic acid via cyclo-oxygenase pathway and so stop the
assembly of endoperoxides and prostaglandins. A decrease in
the inflammatory response result in a decrease in the quantity of
muscle oedema and intramuscularpressure, ? which is one of the
important issues that contribute to the pain and muscle
soreness'®. But there might be some ill effects of NSAID’s too
because it may negatively interfere with the inflammation and
delay the healing method *

In a randomised, placebo-controlled study, Cannavino and
colleagues showed that percutaneous 100% nonsteroidal anti-
inflammatory drug cream was effective in assuaging self-
reported DOMS in isolated musculus quadriceps femoris
muscles of patients following repetitive shortening, notably once
forty eight hours This relief was apparently secondary to the
consequences of the medication, because no alternative
medications or pain relief measures were employed in the
study®*’Oral water-soluble vitamin (vitamin C) and alternative
antioxidants even have been investigated as potential
medications for DOMS, with mixed results. Bajaj and
colleagues showed that the prophylactic intake of tolperisone
coordination compound provides no relief of postexercise
muscle soreness however that it will end in a discount in
isometric force®
Nutritional Supplements:

There is a restricted quantity of neat research accessible
describing the utilization of nutritionary supplements within the
treatment of DOMS. Ken et al (2005)* documented that
supplementation with beta-Hydroxy-beta-Methylbutyrate
(HMB) and alpha-Ketoisocaproic Acid (KIC) reduces sign and
symptoms of exercise iatrogenic muscle damage in humans. In a
randomised, placebo-controlled study, tennis player and co-
investigators showed that tart cherry juice will decrease a
number of the symptoms of exercise-induced muscle injury *°
Antioxidants such as vitamins C and E, are known to reduce the
proliferation of free radicals, generated during the inflammatory
response and, potentially, to further damage affected muscles.
Connoly DA et al (2006) concluded that a vitamin-C
supplementation protocol of 1000mg taken three times on a
daily basis for eight days is ineffective in protective against
chosen markers for DOMS*

Hyperbaric Oxygen medical care (HBOT):

Hyperbaric oxygen therapy is a recent clinical treatment on
which work research is being carried out whereby subjects
breathe 100% oxygen (O,) in an attempt to supersaturate the
blood with O2. This mechanism of supersaturating the blood
with O, has been shown to decrease healing time** Staples et al
(1999)* urged that HBOT might enhance recovery of extensor
DOMS. Harrison et al (2001)* concluded that the HBOT
treatment was ineffective.

Physiotherapy management of DOMS

Numerous therapeutic interventions geared toward
assuaging DOMS are projected. Commonplace physical therapy
modalities like cryotherapy, ultrasound, and electrical
stimulation are used. Additionally, massage, stretching, light-
weight exercise, immobilization, and simple rest have also been
examined. The common interventions which have been
researched upon are mentioned here.
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Stretching:

The practice of stretching to stop muscle soreness was
inspired by early investigators of muscle soreness who thought
that unaccustomed exercise caused spasm *° Spasm was believed
to impede blood flow to the muscle, inflicting ischemic pain and
additional spasm. Stretching the muscle was thought to revive
blood flow to the muscle and interrupt the pain-spasm-pain
cycle. The spasm theory of muscle soreness has since been
discredited'®? however the practise of stretching persists.
Typically those who stretch to prevent muscle soreness do so
before exercise, however some individuals stretch post exercise.
Some proponents of stretching advocate applying a sustained
stretch to the relaxed muscle this is known as static stretching,
however others advocate a lot of elaborate techniques like the
’contract-relax-agonist contract” technique®

Static stretching, pre or post exercise, has been suggested as
a preventive measures of DOMS because it is assumed to
alleviate symptom represented in De vries spasm theory™.
Bobert et al (1986)% later projected that static stretching of sore
muscle post exercise may conjointly force the dispersion of
oedema that accumulates following tissue injury.

Repeated and sustained stretching reduces the stress on the
muscle connective tissue unit at any given length. This visco-
elastic behaviour of the muscle connective tissue unit implies a
mixture of viscous properties, wherever deformation is rate
dependent and elastic properties, wherever deformation is load
dependent®’. A visco-elastic material if stretched to a new length
and sustained will decline in tension over time. This visco-
elastic behavior may well be helpful in eccentric exercise as a
decrease good production within the given elongation might
result in the reduction of the extent of connective and muscle
tissue damage.

However if, as has been projected, muscle soreness is
owing to excessive elongation of some sarcomeres within
muscle fibers it's conceivable that any intervention that
enhanced the quantity of sarcomeres in series in muscle fibers,
or that enhanced the length or compliance of tendons, may
reduce sarcomere strains and reduce muscle injury related to
unaccustomed eccentric muscle contractions. This implies the
chance that stretching could also be more practical for those who
have terribly short muscles, or if the stretching is recurrent for
weeks or months or years*

The evidence from randomized trials suggests that
stretching before or after exercise doesn't manufacture vital
reductions in soreness in healthy adults .Stretching might
produce other benefits. As an example, it's widely believed that
stretching will scale back injury risk, improve sporting
performance and manufacture a sense of readiness for exercise.
People who are involved regarding these outcomes ought to
conjointly contemplate the evidence of effects of stretching on
these outcomes once deciding whether or to not stretch*
Exercise:

Exercise is one among the foremost effective ways for
assuaging DOMS. but pain relief is additionally temporary and
speedily resumes once more following exercise cessation®. It’s
been projected that temporary alleviation of pain throughout
exercise is also because of breaking of adhesion within the sore
muscle, a rise in removal of waste material via increase blood
flow or a rise in neurochemical activity® Increased afferent input
is noted from large, low-threshold sensory units within
the muscles (muscle group-la, Ib, and 1l fibers) and subjects
direct attention to the activity and faraway from the pain can
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also be the reasons for improvement with exercise. Light
exercises have been shown to bring about an improvement in the
patient with DOMS?
Soft tissue massage:

Soft tissue massage is one of the oldest techniques being
used for alleviation of pain and associated symptoms. It is
hypothesised that, through its mechanical pressure on muscle
tissue, massage treatment leads to an increased local
microcirculatory blood and lymph flow which further reduces
hydrops, ischaemia, or accumulation of substances that directly
or indirectly cause pain

Studies that have examined the results of massage on
DOMS have shown variable results. Weiber et al (1994)%
according no distinction in perception of soreness or force
deficit between experimental and control group. However
Hilbert et al (2003)*° reported that massage administered did not
bring about an improvement in hamstring muscle function but it
did decrease the intensity of soreness.

It has been reported by Ernst E(1998) in a critical review
that even though studies have not been able to conclude the
effectiveness of soft tissue massage it is primarily because of
methodological flaws so more studies are warrented
Micro current electrical stimulation:

Webers et al (1994)* compared the effectiveness of small
current electrical stimulation (30 microA, mild wave slope,
0.3Hz frequency, alternating polarity, eight minutes duration) in
minimizing muscle soreness and force deficit immidiately and
twenty four hours post DOMS- causing exercise of the elbow
extensors. The results were statistically insignificant few other
studies have reported similar results®® though another study
reported positive effects in prevention of DOMS with frequency
specific microcurrent %

Therapeutic ultrasound:

Ultrasound is postulated to enhance inflammatory response
via a rise in tissue heating and blood flow. Its studies have also
been nonconclusive. Hasson et al (1989) compared the sham and
real ultrasound treatment. There results showed a big reduction
in soreness forty eight hours post exercise in experimental group
as compared to control group®

In distinction, Ciccone et al (1991) reported that ultrasound
enhanced the development of DOMS but this was offset by anti-
inflammatory effects of phonophoresis. But the results could not
be explained.”

Compression:

This is one intervention where studies are very scanty. The
main postulated effects of compression therapy are-decreased
venous pooling and increase in mean deep venous velocity and
an increased venous return (this might mean an increased
metabolite washing out)**One noteworthy study was conducted
by Kraemer et al (2001)* according to them continuous
compression was a good therapeutic intervention in treating
eccentric exercise-induced muscle soreness. More studies with
good methodologies are required to prove the efficacy of this
modality.in another study Ali et al(2007) concluded that
compression stockinet wore during the training decreased
DOMS in recreationally active men®’.

Cryotherapy:

The first line of management always recommended post
trauma for soft tissues injuries is R.I.C.E (rest, ice, compression
and elevation).The superficial application of ice leads to changes
in skin, sub-cutaneous, intra-muscular and joint temperatures. A
decrease in tissue temperature stimulates receptors to excite the



13209

sympathetic adrenergic fibers inflicting the constriction of native
arterioles and venules .This ends up in a decrease of swelling
and ablated rate of metabolism that successively reduces the
inflammatory response, vascular permeability and therefore the
formation of oedema. The methods of cryotherapy can be
multiple like ice massage, ice pack, coldwater immersion etc.

Gulick et al (1996)> had done study on varied treatment
techniques on science and symptoms of delayed onset muscle
soreness. The ice massage provided relief from acute muscle
soreness however wasn't effective in decreasing DOMS. The ice
massage group generated less isometric force as compared to the
other group followed by treatment. This was in agreement with
fox et al(1961) who also reported a decrease in strength with
cryotherapy®® Selwood KL et al(2007) compared ice water
immersion with tepid water immersion. They concluded that
their study was not effective in decreasing the markers of
DOMS thereby challenging the effects of cryotherapy in the
recovery stage for athletes®® Bleakley C et al(2012) published a
Cochrane review on cold water immersion where they
concluded thar while the evidence showed that cold-water
immersion reduces delayed onset muscle soreness after exercise,
the optimum method of cold-water immersion and its safety are
not clear.®
Superficial heat:

Superficial heat can be given to the patient by numerous
modalities like hot pack, hot water immersion, paraffin wax
bath, infra red etc. superficial heat is postulated to decrease the
effects of DOMS by elevating the temperature of muscle tissue
thereby increasing the connective tissue extensibility. This leads
to ROM augmentation .This may increase the resistance of
muscle tissue to tearing, improve motor unit recruitment, and
permit for better shortening. Heat conjointly improves blood
flow, which can facilitate clear inflammatory mediators from the
muscle tissue. Topical heat has conjointly improved the fatigue
characteristics of striated muscle throughout exercise, accrued
proprioception, and suppressed pain signals®* ®.Mayer JM et al
(2006)° examined the results of continuous low-level heat wrap
on prevention and treatment of DOMS. They concluded that
continuous low-level heat wrap was effective in prevention of
DOMS in low back.

VI. Conclusion

e DOMS is a reaction of the muscle to unaccustomed activity
which is associated with pain, decrease in ROM, oedema.

e DOMS can be explained by a combination of theories-
Inflammation theory, connective tissue injury theory, Muscle
injury theory, excess metabolite, muscle spasm and protein
outflow theory .

e NSAIDs are not a very effective management of DOMS.

e Physiotherapy is one of the best interventions available for the
prevention and management of DOMS.

o Efficacy of treatments is controversial because of reporting of
both positive and negative results.

e Exercise is one of the most effective strategies for alleviating
DOMS.

e Cryotherapy has some proven benefits on prevention and
treatment of DOMS.
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