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INTRODUCTION:
UNDERSTANDING THE ACHE OF
EXERCISE

If  you  have  ever  pushed  through  a
challenging  workout  or  tried  a  new
physical  activity,  you  have  almost
certainly experienced the familiar ache
that follows. Whether it is the dull throb
after a long run or the sharp tenderness

when climbing stairs  the day after  leg
day,  muscle  soreness  is  a  universal
signal that your body has been working
hard.  But  what  actually  causes  this
sensation? The answer lies deep within
t h e  b i o l o g y  o f  y o u r  m u s c l e s .
Understanding  what  causes  muscle
soreness during exercise biology not
only  demystifies  a  common  experience
but  also  helps  you  train  smarter  and
recover  more  effectively.  This  article
explores  the  intricate  biological
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processes  behind  muscle  soreness,
dispels  common  myths,  and  explains
how  your  body  adapts  to  become
stronger.

THE TWO FACES OF MUSCLE
SORENESS

Before diving into the cellular details, it
is important to distinguish between two
distinct types of soreness. The sensation
you  feel  during  or  immediately  after
exercise  is  very  different  from  the  pain
tha t  peaks  a  day  o r  two  l a te r .
Recognizing  these  differences  is  key  to
understanding  the  underlying  biology.

Acute Muscle
Soreness
Acute muscle soreness occurs while you
are still exercising or immediately after
you  finish.  This  type  of  pain  is  often  a
burning or tight sensation in the working
muscles.  It  is  primarily  caused by  the
accumulation  of  metabolic  byproducts,
such as hydrogen ions and phosphate,
which  resul t  f rom  rapid  energy
production.  During  intense  anaerobic
activity,  your  muscles  break  down
glucose  without  oxygen,  producing
lactate. While lactate itself is not solely
responsible  for  the  burning  sensation,
the  associated  drop  in  pH  (increased
acidity)  stimulates  nerve  endings,
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creating  the  feeling  of  fatigue  and
discomfort.  Fortunately,  acute soreness
usually subsides quickly once you stop
exercising  and  blood  flow  clears  away
those  byproducts.

Delayed Onset
Muscle Soreness
(DOMS)
The  more  famil iar  and  l ingering
soreness,  often  called  DOMS,  typically
develops 12 to 24 hours after exercise
and peaks around 24 to 72 hours. This is
the phenomenon most  people  refer  to
when  asking  what  causes  muscle
soreness  during  exercise  biology,

even  though  the  soreness  itself  is
actually a post-exercise event. DOMS is
not  caused  by  lactic  acid,  as  many
believe, but by a cascade of biological
events  involving  microscopic  damage,
inflammation,  and  repair  processes.
Understanding DOMS requires  a  closer
look at what happens inside your muscle
fibers when you stress them.

THE BIOLOGICAL MECHANISMS
BEHIND DOMS

To answer the question of what causes
muscle soreness during exercise biology,
we  must  examine  the  cellular  and
molecular  responses  that  fol low
unfamiliar  or  intense  physical  activity.
Several  interconnected  mechanisms
contribute  to  the  pain  and  stiffness  you
feel.
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Microtrauma to
Muscle Fibers
When  you  perform  exercise  that  your
muscles  are  not  accustomed  to,
especially  movements  that  involve
lengthening under tension,  microscopic
tears  occur  in  the  muscle  fibers.  These
tiny  ruptures,  known  as  microtrauma,
are  most  pronounced  during  eccentric
contractions. Think of lowering a heavy
weight slowly or  running downhill.  The
sarcomeres, the basic contractile units of
muscle, are forcibly stretched, and some
individual  fibers  may  even  rupture.  This
structural damage is a primary driver of
DOMS.  The  body  perce ives  th is
microtrauma as  an injury,  triggering a

repa i r  response  tha t  i nc ludes
inflammation.

The
Inflammatory
Response
Once  muscle  fibers  are  damaged,  the
body sends immune cells to the area to
clean  up  debris  and  initiate  healing.
Neutrophils  and  macrophages  infiltrate
the damaged tissue, releasing chemical
s ignals  such  as  prostaglandins,
cytokines,  and  histamines.  These
substances cause blood vessels to dilate
and become more permeable, leading to
swelling  and  increased  blood  flow.  This
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inflammation  is  not  a  sign  of  harm  but
rather  an  essential  part  of  the  repair
process.  However,  the  inflammatory
chemicals also stimulate pain receptors
(nociceptors) in the muscle, making the
area sensitive and tender to the touch.
The  swelling  itself  can  also  compress
nerve endings, adding to the discomfort.
This is why pressing on a sore muscle is
painful and why movement feels stiff.

Metabolic Stress
and Byproducts
While acute soreness involves metabolic
byproducts, delayed soreness also has a
metabolic  component.  Intense exercise
depletes  energy  stores  l ike  ATP
(adenosine  triphosphate)  and  disrupts

calcium homeostasis inside muscle cells.
C a l c i u m  l e a k s  o u t  o f  s t o r a g e
compartments  (sarcoplasmic  reticulum)
and accumulates in the cell, which can
activate  enzymes  that  further  break
down  muscle  proteins.  This  additional
damage  contributes  to  the  overall
soreness. Additionally, the accumulation
of reactive oxygen species (free radicals)
during  exercise  can  cause  oxidative
stress,  which  also  damages  cel l
m e m b r a n e s  a n d  p r o l o n g s  t h e
inflammatory  response.

LACTIC ACID: A COMMON
MISCONCEPTION

One  of  the  most  persistent  myths  in
fitness  is  that  lactic  acid  buildup causes
the muscle soreness you feel days after
a  workout.  This  misconception  likely
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arose  because  lactic  acid  (actually
lactate)  is  produced  during  intense
exercise  and  is  associated  with  the
immediate burning sensation. However,
research has clearly shown that lactate
levels return to normal within an hour
after exercise, long before DOMS sets in.
Therefore,  what  causes  muscle
soreness during exercise biology for
delayed soreness cannot be attributed to
lactate.  The  true  culprits  are  the
microtrauma  and  inflammation
described  above.  Understanding  this
difference  can  help  you  avoid
unnecessary worry and focus on proper
recovery strategies rather than trying to
“flush out” lactic acid.

THE CONNECTION BETWEEN

ECCENTRIC EXERCISE AND
SORENESS

Not  all  types  of  muscle  contractions
produce  equal  levels  of  soreness.
Concentric  contractions  (shortening  of
the muscle, like lifting a weight) cause
less damage than eccentric contractions
(lengthening under tension, like lowering
the weight). Eccentric exercise places a
greater mechanical strain on the muscle
fibers,  leading  to  more  microtears.  This
is why activities with a strong eccentric
component,  such  as  downhill  running,
plyometrics,  or  slow  negatives  during
weightlifting,  often  result  in  significant
DOMS. The biology behind this involves
the force distribution across sarcomeres.
During eccentric actions, the sarcomeres
are stretched unevenly, and the weaker



What Causes Muscle Soreness During Exercise Biology 7

7

ones may over-extend and rupture. This
specific  form of  stress  is  a  key  factor  in
what causes muscle soreness during
exercise biology.

HOW YOUR BODY REPAIRS AND
STRENGTHENS MUSCLES

Whi le  musc le  so reness  can  be
uncomfortable, it is a sign that your body
is  adapting.  The  biological  process  of
soreness is closely tied to muscle growth
and increased strength. After the initial
damage and inflammation, satellite cells
(muscle stem cells) are activated. These
cells fuse to the damaged muscle fibers,
donating  their  nuclei  and  helping  to
repair  and  thicken  the  fibers.  This
process,  known  as  muscle  protein
synthesis, rebuilds the muscle stronger
than  before—a  phenomenon  called

supercompensation.  Over  time,  as  you
repeatedly expose your muscles to the
same  stress,  they  become  more
resistant  to  damage.  This  is  why
soreness  diminishes  with  regular
training.  The  biology  of  soreness  is
essentially the biology of adaptation.

FACTORS THAT INFLUENCE
MUSCLE SORENESS

Individual  experiences  of  muscle
soreness  vary  widely.  Several  factors
can  either  amplify  or  reduce  the
soreness  response,  and  understanding
these can help you manage discomfort.

Training status: Beginners or
those returning after a break
experience more soreness
because their muscles are
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unaccustomed to the mechanical
and metabolic demands.
Type of exercise: Novel
movements, especially those with
eccentric overload, cause more
microtrauma.
Duration and intensity: Longer
and more intense sessions
produce greater damage and
inflammation.
Genetics: Some individuals have
a more pronounced inflammatory
response or better repair
mechanisms.
Nutrition and hydration:
Adequate protein intake and
hydration support repair
processes, while deficiencies may
prolong soreness.
Sleep and stress: Poor sleep and

high stress can impair recovery
and heighten pain perception.

PRACTICAL IMPLICATIONS:
MANAGING MUSCLE SORENESS
BIOLOGICALLY

Knowing  what  causes  muscle
soreness  during  exercise  biology
empowers  you to  take evidence-based
steps  for  relief  and  recovery.  While
complete  elimination  of  DOMS  is  not
possible (and not always desirable, as it
indicates adaptation), you can reduce its
impact.

Active recovery: Light1.
movement, such as walking or
gentle stretching, increases blood
flow which helps clear
inflammatory byproducts and
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delivers nutrients for repair.
Hydration and nutrition:2.
Consuming protein and
carbohydrates after exercise
provides building blocks for muscle
repair. Anti-inflammatory foods
like omega-3 fatty acids may help
moderate inflammation.
Massage and foam rolling:3.
These techniques can
mechanically reduce swelling and
stimulate blood flow, though they
do not remove the underlying
microtrauma.
Gradual progression: Slowly4.
increasing exercise intensity and
volume allows your muscles to
adapt without extreme soreness.
Cold therapy: Ice baths may5.
temporarily reduce inflammation

and pain, but some research
suggests they can blunt the
adaptation response if used
immediately after every workout.

CONCLUSION: THE BIOLOGY OF
GROWTH AND DISCOMFORT

Musc l e  so reness ,  wh i l e  o f t en
uncomfortable,  is  a  natural  and
productive  biological  response  to
physical  stress.  The  question  of  what
causes  muscle  soreness  during
exercise biology can be answered by
looking  at  microscopic  muscle  fiber
damage,  the  subsequent  inflammatory
cascade, and the metabolic disturbances
that follow intense activity. This process
is not a sign of injury but rather a signal
that your body is adapting and becoming
stronger. By understanding the science
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behind  the  ache,  you  can  train  with
better awareness, respect your recovery,
and ultimately achieve your fitness goals

more  effectively.  Embrace  the  soreness
as  evidence  of  your  effort,  and  let  the
biology  of  repair  guide  you  toward
lasting  progress.


