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Delayed onset muscle soreness (DOMS) is a common occurrence in response to
unfamiliar or vigorous physical activity. It has been noted observationally that many indiyidt

who regularly perform resistance training consider DOMS to be one of the best indicﬁx)

training effectiveness, with some relying upon this source as a primary gauge (38).dn fact;.there

is a long-held belief that DOMS is a necessary precursor to muscle remodeli
Current theory suggests that DOMS s related to muscle damage from sych exercise (48).

Although the exact mechanisms are not well understood, DOMS ap @a product of

inflammation caused by microspcopic tears in the connective tiWnts that sensitize

nociceptors and thereby heighten the sensation of pain (29 amines, bradykinins,

prostaglandins and other noxious chemicals are believed to mediate discomfort by acting on
42 signals from muscle to the CNS (6).
nd attract neutrophils to the site of insult.

ecies (ROS), which can impose further damage

Type 111 and Type IV nerve afferents that transdu

These substances increase vascular permeabili
Neutrophils, in turn, generate reactive
to the sarcolemma (8). Biochemical ultant to a structural disruption of the

extracellular matrix (ECM) also havelieen implicated to play a causative role (53). It has been

proposed that damage to m) s\facilitates the escape and entrance of intracellular and

extracellular proteins r turbance of the ECM promotes the inflammatory response (53).

In combination th@ re thought to magnify the extent of soreness. In addition, DOMS

can be exacer py edema, whereby swelling exerts increased osmotic pressure within muscle

fibers that/seryg drther sensitize nociceptors (6, 29).

DO most pronounced when exercise training provides a novel stimulus to the

eletal system (4). While both concentric and eccentric training can induce DOMS,

studies show that lengthening actions have the most profound effect on its manifestation (7). As
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a general rule, soreness becomes evident about 6-8 hours following an intense exercise bout an

peaks at approximately 48 hours post-exercise (42). However, the precise time course and.e

of DOMS is highly variable and can last for many days depending on factors such as
ort

intensity, training status, and genetics. The prevailing body of literature does no&

related differences in the expression of DOMS (11, 45)

,q

Theoretical Basis for Using DOMS as a Gauge for Muscu@ ations

The first step in determining whether DOMS provides a vali muscle

development is to establish whether the theory has biological plausibility, Plausibility can
possibly be inferred from the correlation between DOMS @se-induced muscle damage
(EIMD). It has been posited that structural changes as@w h EIMD influence gene
expression, resulting in a strengthening of the tiss@h s protect the muscle against further
injury (1, 44). When considering the mechanj of muscle hypertrophy, there is a sound
theoretical basis suggesting that such da ct associated with the accretion of

(>erview of the evidence supporting a hypertrophic

role for EIMD. An in depth discussiarxof the topic is beyond the scope of this paper, and

contractile proteins (48). What follows
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43, 51). It should be noted that some research has shown that myokine production may be large

independent of damage to muscle tissue (63). This may be a function of the specific myoki

®

response, as numerous myokines have been identified with each displaying unique respo
exercise training (40). Neutrophils, another phagocytic leukocyte, also may playa%ole i

inflammatory-mediated post-exercise hypertrophy, conceivably by signaling inflammatory
cells necessary for muscle regeneration. One such possibility is ROS (6@ can function as

key cellular signaling molecules in exercise-induced adaptive gene é& (14, 20, 21, 60).

Studies show that ROS promote growth in both smooth muscle WC muscle (55), and it is

Keletal muscle (56).

acilitating activation of satellite cells

has been suggested that they induce similar hypertrophic e
Muscle damage also may mediate hypertrophy by f
(i.e. muscle stem cells). When stimulated by mec@s ss, satellite cells generate precursor
cells (myoblasts) that proliferate and ultimat se tovexisting cells, providing the necessary
agents for remodeling of muscle tissue (64
-
synthesis (2, 34). Evidence substantiatés that satellite cell activity is upregulated in response to

obtain additional myonuclei to facilitate tissue repair. Activation of

In addition, under certain conditions satellite

cells are able to donate their nuclei t uscle fibers, enhancing their capacity for protein

EIMD (12, 46, 49). This is t with the survival mechanisms of the muscle cell where

damaged fibers must

satellite cells provij ese negeded myonuclei, as well as co-expressing various myogenic

ch as Myf5, MyoD, myogenin, and MRF4 involved in muscle reparation and
this‘end, studies indicate that a person's ability to expand the satellite cell pool is
a critical factorin maximizing muscle growth (41). It should be noted, however, that satellite

c@esponsive to both muscle damaging and non-damaging exercise (40) and it is not clear
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whether their activity is enhanced by EIMD in a manner that promotes meaningful differences i
muscle hypertrophy.

Cell swelling is another potential mechanism by which muscle damage may pro
hypertrophic adaptations. EIMD is accompanied by an accumulation of fluid an@teins
within the fiber, often to an extent whereby this buildup exceeds the capacit hatic
drainage (16, 31, 42). This results in tissue edema, with significant swelljrg persisting in trained
subjects for at least 48 hours following an exercise bout (19). Cellul @is theorized to
regulate cell function (17), stimulating anabolism via increasing(protein synthesis and decreasing
protein breakdown (15, 33, 54). Although the exact mecha@wam poorly understood, it
appears that membrane-bound, integrin-associated volume ors are involved in the process
(27). These osmosensors activate intracellular prg inase transduction pathways, possibly
mediated by autocrine effects of growth factors{5). The effects of cell swelling subsequent to
id

EIMD have not as yet been directly inve however, and it therefore remains unclear

whether the associated edema prom 3y anabolic and anti-catabolic effects to those
reported in the literature.

Despite the sound t

relationship between EWMD /andNyypertrophy is currently lacking. It has been shown that muscle

damage is not oblg@o ypertrophic adaptations (3, 13, 25). Thus, any anabolic effects
resulting frorr@ing exercise would be additive rather than constitutive. Furthermore, it is
important@ excessive damage has a decidedly negative effect on exercise performance
and regovery definition, severe EIMD decreases force-producing capacity by 50% or more

unctional decrements will necessarily impair an individual's ability to train at a high
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early recovery phase of EIMD does not seem to exacerbate muscle damage, it may interfere wit
the recuperative process (24, 37). Studies indicate that regeneration of muscle tissue in th

with severe EIMD can exceed 3 weeks, with full recovery taking up to 47 days when, fo
production deficits reach 70% (47). In extreme cases, EIMD can result in rhabd@ox a
potentially serious condition that may lead to acute renal failure (62).

When taking all factors into account, it can be postulated that El may\enhance
hypertrophic adaptations, although this theory is far from conclusive% esis theory states
that biological systems respond to stressors follows an in invertéd.U-shaped curve (44). This is
consistent with Selye's concept of the General Adaptation @ 50), and would suggest
that if EIMD does indeed promote muscle developme@u benefits would be realized
from mild to moderate damage. However, an opti gree of damage for maximizing muscle
growth, assuming one does in fact exist, remains.to be determined.

Is There A Causal Link Betw

)

hypertrophy, the question then becories whether these events can be linked to conclude that

DOMS and Muscle Hypertrophy?

Given that DOMS is related d assuming EIMD is indeed a mediator of

DOMS is a valid indicator . Although it is tempting to draw such a relationship,

w
evidence suggests reas skepticism. First, it remains debatable as to whether DOMS is an

accurate gauge of le age. There is little doubt that DOMS is a byproduct of EIMD (6,

40). However s show that soreness, as reported on a visual analog scale, is poorly

correlate he time course and magnitude of accepted markers of EIMD including
maximal isometfic strength, ROM, upper arm circumference, and plasma CK levels (39).

i6 resonance imaging changes consistent with edema also do not correlate well with the
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DOMS may provide a general indication that some degree of damage to muscle tissue has

occurred, it cannot be used as a definitive measure of the phenomenon.
What is more, humans can experience DOMS without presenting local signs of @
inflammation (40). In a study of subjects who performed different forms of una@
eccentric exercise (including downhill treadmill running, eccentric cycling, airs running),
Yu et al. (67) found no significant evidence of inflammatory markers p xercise despite the
presence of severe DOMS. Other studies have reported similar findi@ng the
performance of submaximal, eccentrically-based exercise (28, Thesg results provide reason
for caution when attempting to use DOMS as a gauge of w@amaﬁons given the
theorized role of the acute inflammatory response in t@o eling subsequent to EIMD. It
also deserves mention that non-eccentric aerobic nc
soreness. Studies show the presence of DOMS-fallowing marathon running and long-duration
cycling (57). These types of exercise are %y associated with significant hypertrophic
adaptations, indicating that soreness I@t necessarily suggestive of growth.

Moreover, DOMS displays aygreat deal of inter-individual variability (59). This

Xercise can cause extensive muscle

variability persists even in perienced lifters, with some consistently reporting perceived
soreness following a warko e others experience little if any post-exercise muscular
tenderness. Anecd , many bodybuilders claim that certain muscles are more prone to

5. They report that some muscles almost never experience DOMS, whereas

always experience DOMS following training. Recent research supports

these assertions(52). Since the bodybuilders possess marked hypertrophy of the muscles that are
and are not prone to DOMS, it casts doubt on the supposition that soreness is mandatory for

cle’development. Moreover, genetic differences in central and peripheral adjustments as well

7
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as variations in receptor types and in the ability to modulate pain at multiple levels in the nervo
system have been proposed to explain these discrepant responses (35). Yet there is no eviden

that muscle development is attenuated in those who fail to get sore post-exercise. @
SN

Resistance exercises and activities that place peak tension at longer musc

ave
been shown to produce more soreness than exercises that place peak tension er muscle
lengths (22). Whether these alterations affect the magnitude of hypertro adaptations has yet
to be studied, but it has been postulated that torque-angle curves in ré& aining might

augment hypertrophy through varying mechanisms (9). It is thechivable that exercises

that stress a muscle maximally at a short muscle length car@ hypertrophic gains without

inducing much if any soreness. @
Training status has an effect on the extent @ ~Soreness tends to dissipate when a
the s

muscle group is subjected to subsequent bou e exercise stimulus. This is consistent
with the "repeated bout effect,” where regimented exercise training attenuates the extent of

have been provided to jn the‘repeated bout effect including a strengthening of connective

tissue, increased e@

a more even dtion of the workload among fibers, and/or a greater contribution of
(3, 58).

synergisti@
@t n to reducing joint torque and muscle force, DOMS may negatively impact

supsequent workouts in other ways and therefore impede strength and hypertrophic gains. Pain

the recruitment of motor units, greater motor unit synchronization,

ocCiated with DOMS has been shown to impair movement patterns, albeit in individuals with

8
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high pain-related fear (65). Altered exercise kinematics arising from DOMS-related discomfort

can reduce activation of the target musculature and potentially lead to injury. Moreover, some

researchers have speculated that DOMS could reduce the motivation levels involved %
shou

ot

subsequent training, reducing exercise adherence (18). Therefore, excessive DO

be actively pursued as it ultimately interferes with progress.

Practical Applications
In conclusion, there are several take-away points for the strength(coa ersonal trainer as

to the validity of using DOMS as a measure of workout quality.wwe damage is

@'s stification to actively seek

muscle damage during a training session if maximal hypert iIs the desired goal. Given that

theorized to mediate hypertrophic adaptations (48), there is

DOMS is a gross indicator of EIMD, soreness ca de modicum of insight as to whether or
not damage has taken place post-exercise. Sowhile common strategies to minimize DOMS such
as increasing training frequency, adher same exercise selection, performing concentric-
only exercises, and performing solel ¢3 that stress short muscle lengths can help to
maintain short-term athletic perfor e, they may ultimately compromise hypertrophic
adaptations by blunting El

On the other hand, gautj st be utilized in drawing qualitative conclusions given the poor

correlation betwee MS-and the time course and extent of EIMD. Some muscles appear to be
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in assessing workout quality is inherently limited and it therefore should not be used as a

definitive gauge of results.
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