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Abstract
Backgrounds: Delayed onset muscle soreness is muscular soreness and pain experienced 24 to 48
hours after a rigorous or unaccustomed session of exercise. Though DOMS is not considered a major
injury, it compromises performance by decreasing range of motion, strength, and function. The severity
of the symptoms leading to the decrease in performance has led to the investigation in treatment for
DOMS.
Aim: The aim of this study was to determine the effectiveness of Curcuma longa (turmeric) in reducing
the signs and symptoms of Delayed Onset Muscle Soreness (DOMS).
Materials and Methods: Repeated eccentric contractions were used to induce DOMS in the elbow
flexors of twenty-four (n = 24) untrained healthy volunteers. Subjects were then assigned randomly to
one of four groups: (1) group 1 (n=6) as control group (2) group 2 (n=6) received physical therapy (3)
group 3 (n=6) received physical therapy and turmeric cream supplementation, and (4) group 4 (n=6)
received only turmeric cream supplementation. Then, the measurements for all groups were taken
which included the muscle soreness (as measured by VAS), the resting elbow angle (in degrees), the
biceps girth (in cm), the creatine Kinase level and the total leucocytic count (TLC) was tested among
the four designated groups.
Result: A total number of 24 untrained subjects participated in the study within the age group of 18-30
years. The soreness was on its peak at 48 hours post exercise in both groups. The VAS ratings of elbow
flexor soreness was greatly reduced after 96 hours in group 3 (physical therapy+ turmeric) subjects
receiving physical therapy and turmeric application. The group 3 (physical therapy+ turmeric) showed
least loss of resting elbow angle i.e., the elbow tended to remain as close as possible to the baseline
measurement after 72 and 96 hours. No Significant differences were noted in the Biceps girth
measurements. There was significant difference in the creatine kinase levels after 48 hours, 72 hours
and 96 hours which was more evident in the group 3 with turmeric supplementation in conjunction with
physical therapy.
Conclusion: Our result showed that local application of turmeric and physical therapy intervention
produced more effect on DOMS than turmeric or physical therapy only. This indicates that turmeric can
be useful alternative in management of DOMS by its effects on pain intensity and muscle injury.
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1. Introduction
Delayed onset muscle soreness (DOMS) is a phenomenon that is commonly experienced
after individuals perform unaccustomed exercise or increase the load during resistance
training. Eccentric exercise is believed to result in greater muscle soreness because the
motion stimulates more neural activations to generate the force required to complete the
exercise [1, 2]. DOMS typically occurs 24 to 48 hours after unaccustomed exercise, especially
eccentric exercise, is performed. Its characteristics are similar to muscle soreness. However,
muscle soreness tends to subside after a few hours while DOMS is prolonged for 5 to 7 days
[3, 4]
. Clinical signs and symptoms associated with DOMS include increased pain, increased
edema, decreased self-reported functional ability, decreased range of motion, and decreased
muscle strength [4-6].
There is a decrease in physical performance that can be attributed to functional impairment
as perceived by the individual and decreases in joint kinematics, strength, and neural
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recruitment patterns which increases risk factors of further
injury. Although DOMS is not considered a major injury, all
of these impairments can lead to an increased risk of injury;
therefore, interventions to relieve the signs and symptoms of
DOMS have been investigated [7-9].
Numerous interventions have been researched in order to
determine their effectiveness in preventing or alleviating the
clinical presentations related to DOMS [7-9]. Although there
has been a considerable amount of research on the treatment
of DOMS, to date no one treatment has proved dominant in
consistently preventing or treating DOMS. Among popular
interventions are pharmacological treatments using nonsteroidal anti-inflammatory drugs (NSAIDs), therapeutic
treatments utilizing physical modalities such as stretching
and warm-up, and interventions using nutritional
supplements. The effectiveness of these treatments remains
inconclusive because of inconsistencies between studies and
the limited amount of evidence of the interventions.
Curcumin, the main yellow bioactive component of turmeric
has
two
natural
analogues
FHM
[feruloyl-(4hydroxycinnamoyl)-methane]
and
BHM
[bis-(4hydroxycinnamoyl)-methane], which has demonstrated
inhibitory activity against a range of proinflammatory
enzymes and cytokines [10-12] resulting in decrease in
swelling and pain. Because of these in vitro effects,
curcumin could plausibly be used as an alternative to
NSAIDs for the control of osteoarthritic pain.
Generally, an increased perception of soreness occurs with
greater intensity and a higher degree of unfamiliar activities.
Other factors, which play a role in DOMS, are muscle
stiffness, contraction velocity, fatigue, and angle of
contraction. In order to minimize symptoms and optimize
productivity in a physical training program it is vital to
understand the proposed mechanisms of injury, which occur
in DOMS. The purpose of this study is to determine the
effect of local application of turmeric on DOMS.

upper arm pain and had a pain free range of motion about
elbow joint.

2. Materials & Methods
2.1 Experimental Design
The study had 24 healthy, untrained subjects within the age
group of 18-30 years. None had performed any weight
training for at least 3 months before the study. The
participants were requested not to use other treatments such
as an oral NSAID, muscle relaxants, physiotherapy or
massage. If the participants received other therapies, all
details were recorded.
Repeated eccentric contractions were used to induce DOMS
in the elbow flexors of all subjects untrained healthy
volunteers. Subjects were then assigned randomly to one of
four groups: (1) group 1 (n=6) as control group (2) group 2
(n=6) received physical therapy (3) group 3 (n=6) received
physical therapy and turmeric cream supplementation, and
(4) group 4 (n=6) received only turmeric cream
supplementation. Muscle soreness, muscle strength, active
elbow range of motion and creatine kinase were measured
before and after eccentric exercise. The curcumin
concentration achieved in the present study was almost 80
ng/ml (0.22 µmoles/L).
The nature & scope of methodology is to see the effect of
turmeric supplement versus conventional physical therapy
or both. Informed consent was taken from all the subjects
before enrolling them in this study. Subjects were apprised
of the procedure, possible risks of participation in study
prior to giving consent. All subjects reported having no

2.4. Measurement of Elbow Range of Motion
The effect of DOMS on active elbow ROM was determined
using a universal full circle goniometer. The goniometer
axis was placed over the lateral epicondyle of the humerus,
with the stationary and movable arms aligned along the
lateral midline of the humerus and the radius, respectively.
Active ROM was measured as the total excursion from full
elbow flexion to full elbow extension. The limbs were then
marked with a permanent marker to ensure greater accuracy
during measurement. Neutral was set at zero or 180 degree
(arm straight). The resting elbow angle was recorded pre
and post treatment. A standardized testing procedure was
established to ensure proper identification of bony
landmarks and goniometer alignment. Subjects were given
identical instructions prior to each measurement, and a
single measurement of total joint excursion was recorded at
each session.

2.2. Inducement of Delayed-Onset Muscle Soreness
Repeated concentric and eccentric contractions were used to
induce DOMS in the elbow flexors. A dumbbell curl
exercises was used to isolate elbow flexors which enables
the subject to sit with arms lying on a padded board and
placed in front of the body at a 45-degree angle downward
from the axilla. Resistance was applied to the elbow flexors
allowing the subject to grasp a dumbbell and consecutively
extend and flex elbow during a full ROM. A one-repetition
maximum (1-RM) of the elbow flexors was determined. The
amount of weight the subject could lift concentrically one
time before the elbow flexors became fatigued represented
1-RM. Each subject used 70% of their 1RM. The eccentric
phase was of 5-6 seconds and each set was separated by a 1minute rest period.
2.3 Subject's Rating of Muscle Soreness
A visual analogue scale (VAS) was used to assess muscle
soreness in each subject on each day of the study. The
validity and reliability of this tool in measuring
experimentally induced pain have been established
elsewhere [13]. The VAS used in our study consisted of a
continuous horizontal line 150 mm in length, with anchor
points of "no soreness" and "worst possible soreness" at the
left and right ends of the line, respectively.
An identical set of instructions was read to each subject
prior to completing each VAS, and subjects indicated the
amount of soreness by placing a slash somewhere along the
VAS. Relative soreness was then calculated by measuring
the distance of the slash from the left end of the VAS.
Subjects completed a separate VAS for each upper
extremity, and they were not allowed to compare one VAS
result with another.

2.5 Biceps Girth Measurement
Girth of the Biceps muscle was measured with the help of a
meter tape, measurement was taken of the muscle belly of
biceps muscle, 3 inches above elbow joint.
2.6 Biochemical Assessment
Blood samples centrifuged at the test performance place to
prevent changing in serum enzymes. Total leucocyte count
(TLC) was done on all the samples and creatine kinase was
measured using ELISA Kit.
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2.7 Statistical Analysis
ANOVA was used for checking the differences within
groups in different times and Repeated Measure and Scheffe
Test post hoc were used for checking the differences
between groups. Moreover, to compare the results in
different measurement between groups. The interaction
effect of time and group was also measured. All statistical
analysis was performed using SPSS-20. The significant
level was considered at p≤0.05.

3. Results
A total number of 24 untrained subjects participated in the
study within the age group of 18-30 years (Table 1). The
descriptive indexes (Mean±SD) of age for the different
groups has been shown in table 1. No significant difference
was noted between the participants in the two different
groups at baseline with regard to age.

Table 1: Demographic characteristics of the subjects
GROUP
Control Group (n=6)
Physical Therapy Group (n=6)
Physical Therapy + Turmeric
Supplementation Group (n=6)
Turmeric Supplementation Group (n=6)

Age (yrs)
22.55±2.72
23.55±3.58

Weight (kg)
72.86±8.88
71.52±13.28

23.87±3.48

73.56±10.25

22.38±1.76

72.46±9.78

3.16±0.75 in group 2 (physical therapy), 2.66±1.21 in group
3 (physical therapy+ turmeric) and 2.66±0.51 in group 4
(turmeric). There was further improvement between the
treated and control group (p<0.0001; F = 29.915) after 96
hours. The VAS was 4.83±0.40 in group 1 (control) as
compared to the 2.16±0.98 in group 2 (physical therapy),
1.33±0.51 in group 3 (physical therapy+ turmeric) and
1.83±0.75 in group 4 (turmeric). The VAS ratings of elbow
flexor soreness was greatly reduced after 96 hours in group
3 (physical therapy+ turmeric) subjects receiving physical
therapy and turmeric application.

3.1 Muscle Soreness Rating
The VAS ratings of elbow flexor soreness on day 2 through
day 4 are presented for each group in Table 2. Baseline
soreness levels (before inducement of DOMS) recorded are
not shown in the table, because these values were essentially
zero for all groups. There was no consistent or significant
difference between all the control and treated group after 24
hours (p = 0.650) and 48 hours (p = 0.250). After 72 hours’
soreness was significantly improved between the treated and
control group (p>0.05; F = 5.779). The VAS after 72 hours
was 4.33±0.51 in group 1 (control) as compared to the

Fig 1: Muscle Soreness as measured by VAS in four groups: (1) group 1 (n=6) as control group (2) group 2 (n=6) received physical therapy
(3) group 3 (n=6) received physical therapy and turmeric cream supplementation, and (4) group 4 (n=6) turmeric only. Values are expressed
as mean ± SD. PreVAS immediately after DOMS; VAS24, VAS48, VAS72 and VAS96 immediately after inducement of DOMS at 24, 48,
72 and 96 hours respectively.

between the control and treated group after 72 hours
(F=13.876; p=0.000). After 72 hours the ROM was
1.58±1.03 in group 1 (control) as compared to the 1.61±1.75
in group 2 (physical therapy), 1.63±1.02 in group 3
(physical therapy+ turmeric) and 1.58±2.06 in group 4
(turmeric). Similar results were seen in ROM after 96 hours

3.2 Elbow Range of Motion Measurement
Results of the goniometric measurement of elbow ROM are
shown in figure 2. There was no significant difference in the
Elbow ROM between control and treated group at baseline
level (p =0.335), after 24 hours (p = 0.094) and after 48
hours (p = 0.051). The ROM was significantly increased
~506~
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(F=23.733; p=0.000) as compared to 48 hours. In both the
cases the group 3 (physical therapy+ turmeric) showed least
loss of resting elbow angle i.e., the elbow tended to remain
as close as possible to the baseline measurement. Strength

decrease results because of the reluctance to use sore muscle
and from the loss of inherent force providing capacity
within the muscle, resulting in decrease in Resting elbow
angle.

Fig 2: Measurement of resting elbow angle (degrees) in four groups: (1) group 1 (n=6) as control group (2) group 2 (n=6) received physical
therapy (3) group 3 (n=6) received physical therapy and turmeric cream supplementation, and (4) group 4 (n=6) turmeric only. Values are
expressed as mean ± SD. PreElbow immediately after DOMS; Elbow24, Elbow48, Elbow72 and Elbow96 immediately after inducement of
DOMS at 24, 48, 72 and 96 hours respectively.

Fig 3: Biceps girth measurement (centimeter) in four groups: (1) group 1 (n=6) as control group (2) group 2 (n=6) received physical therapy
(3) group 3 (n=6) received physical therapy and turmeric cream supplementation, and (4) group 4 (n=6) turmeric only. Values are expressed
as mean ± SD. PreGirth immediately after DOMS; Girth24, Girth48, Girth72 and Girth96 immediately after inducement of DOMS at 24, 48,
72 and 96 hours respectively.

back to pre-exercise levels gradually. The differences
between the baseline measurements and the measurements
at different time for different groups were analyzed and
shown in figure. There was no significant difference in the
creatinine kinase levels between the control and treated
group at baseline level and after 24 hours. However
significant difference was observed after 48 hours
(F=224.779; p=0.000), 72 hours (F=39.654; p=0.000) and
96 hours (F-11.440; p=0.000).

3.3 Biceps Girth
No Significant differences were noted in the Biceps Girth
measurements. All the groups tended to remain as same as
possible. No group showed clear improvement as compared
to others.
3.4 Creatine Kinase Levels
It is a widely known fact that the CK levels shoot up
dramatically with a bout of strenuous exercise and then falls
~507~
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Fig 4: Creatine Kinase measured in four groups: (1) group 1 (n=6) as control group (2) group 2 (n=6) received physical therapy (3) group 3
(n=6) received physical therapy and turmeric cream supplementation, and (4) group 4 (n=6) turmeric only. Values are expressed as mean ±
SD. PreCK immediately after DOMS; CK24, CK48, CK72 and CK96 immediately after inducement of DOMS at 24, 48, 72 and 96 hours
respectively.

the group PT + turmeric the difference between the two
measurements was 168.83/cu.mm which amounted to a
change of 2.53% when compared to the baseline. Owing to
the wide variations in the normal range of TLC (400011000/cu.mm), significant differences were noted only at
the TLC 96 (F=3.340; p=0.04).

3.5 Total Leucocytic Count
As is the case with creatine kinase levels, TLC levels shoot
up dramatically with a bout of strenuous exercise and then
fall back to pre-exercise levels gradually. When the
differences between the baseline measurements and the
measurements at 96 hours were analyzed it showed that for

Fig 5: Measurement of total leucocytic count (TLC) in four groups: (1) group 1 (n=6) as control group (2) group 2 (n=6) received physical
therapy (3) group 3 (n=6) received physical therapy and turmeric cream supplementation, and (4) group 4 (n=6) turmeric only. Values are
expressed as mean ± SD. Control Placebo; Pre TLC immediately after DOMS; TLC24, TLC48, TLC72 and TLC96 immediately after
inducement of DOMS at 24, 48, 72 and 96 hours respectively.

pathology associated with DOMS is usually sub-clinical[15],
the sensations experienced with this injury can vary from
slight muscle stiffness, which rapidly disappears during
daily routine activities, to severe debilitating pain which
restricts movement.
A number of theories have been proposed to explain the
pain stimulus associated with DOMS including: lactic acid,

4. Discussion
The aim of the present study was to see the effect of
turmeric supplementation versus physical therapy
interventions on some biochemical and functional factors of
delayed onset muscle soreness. DOMS is classified as a type
I muscle strain injury [14, 15] and presents with tenderness or
stiffness to palpation and/or movement[14]although the
~508~
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muscle spasm, connective tissue damage, muscle damage,
inflammation, enzyme efflux theories and other proposed
models [17, 14].
In a previous study, curcumin supplementation was shown
to improve the inflammatory pattern and markers of muscle
injury, ameliorating the performance deficits associated with
exercise-induced muscle damage [18]. The active ingredient
in turmeric is a polyphenol called curcumin, which is
responsible for the bright yellow color [19]. Because of the
increasing attention to the possible positive effects of
curcumin to diseases such as Alzheimer’s to cancers[20], the
supplement sales of turmeric and curcuminoids have grown
tremendously in the last few years. Curcumin is thought to
have antioxidant and anti-inflammatory properties. Turmeric
contains several anti-inflammatory compounds, including
six different cyclooxygenase 2 (COX-2) inhibitors. The
curcumin in turmeric is a multifaceted antiinflammatory
agent. Preliminary studies have shown benefit of curcumin
in inflammatory arthritis [21].
It has been found that the effect of muscle atrophy was
alleviated by intraperitoneal injection of curcumin through
antioxidant actions [22]. This is however not proven in human
model and also the effective dose has not been characterized
to achieve this. So a future studies are encouraged on human
model through randomized control trials which could be
beneficial for sport or clinical practice.
Muscle soreness developed post exercise in all 4 groups but
significantly less for experimental (physical therapy +
turmeric) group (p=0.000) as compared with control group
at 72 and 96 hours of post-exercise. In a previous study that
evaluated the analgesic efficacy curcumin 400 mg
formulation taken as needed in patients with acute pain,
curcumin had a well-defined pain-relieving effect, even
greater than that of acetaminophen 500 mg, and was better
tolerated than nimesulide [23].
No significant difference in pre exercise ROM was found
between experimental and control group. Both experimental
and control group did not show any significant difference at
baseline, 24 hours and 48 hours of post-exercise. In 72 hours
and 96 hours’ significant recovery shown by experimental
group 3 (physical therapy + turmeric).
Serum creatine kinase is accepted widely as a marker of
muscle damage [24]. In the current study, creatine kinase
increase from baseline occurred at 24 hour. This suggests
that the eccentric exercise protocol used was successful in
eliciting muscle damage. Increases in pain and reductions in
muscle strength at 24 h in both groups further attest to the
success of the exercise protocol in inducing DOMS. Also
the creatine kinase release was higher in control group as
opposed to experimental group where the effect was
mitigated by the conventional physical therapy and
application of turmeric supplementation. This investigation
has several limitations which should to be suggestions for
improvements in future studies. An increase in the number
of participants would increase the power of the study and
possibly result in significant differences between treatment
groups.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

References
1. Parr JJ, Yarrow JF, Garbo CM, Borsa PA. Symptomatic
and functional responses to concentric-eccentric
isokinetic versus eccentric-only isotonic exercise. J Athl
Train. 2009; 44(5):462-468.

18.

~509~

Black CD, Elder CP, Gorgey A, Dudley GA. High
specific torque is related to lengthening contractioninduced skeletal muscle injury. J Appl Physiol.
2008;104:639-647.
Lewis PB, Ruby D, Bush-Joseph CA. Muscle soreness
and delayed-onset muscle soreness. Clin Sports Med.
2012; 31:255-262.
Choi SJ. Cellular mechanism of eccentric-induced
muscle injury and its relationship with sarcomere
heterogeneity. J Exerc Rehabil. 2014; 10(4):200-204.
Cleather DJ, Guthrie SR. Quantifying delayed-onset
muscle soreness: A comparison of unidimensional and
multidimensional instrumentation. J Sports Sci.
2007;25(8):845-850.
Nguyen D, Brown LE, Coburn JW, et al. Effect of
delayed-onset muscle soreness on elbow flexion
strength and rate of velocity development. J Strength
Cond Res. 2009; 23(4):1282-1286.
Torres R, Ribeiro F, Duarte JA, Cabri JM. Evidence of
the physiotherapeutic interventions used currently after
exercise-induced muscle damage: Systematic review
and meta-analysis. Phys Ther Sport. 2012; 13:101-114.
Rocha CS, Lanferdini FJ. Kolberg Cet al. Interferential
therapy effect on mechanical pain threshold and
isometric torque after delayed onset muscle soreness
induction in human hamstrings. J Sports Sci.
2012;30(8):733-742.
Hill J, Howatson G, Someren K, Leeder J, Pedlar C.
Compression garments and recovery from exerciseinduced muscle damage: a meta-analysis. Br J Sports
Med. 2014; 48:1340-1346.
Bengmark S. Curcumin, an atoxic antioxidant and
natural NFkappa B, cyclooxygenase-2, lipooxygenase,
and inducible nitric oxide synthase inhibitor: a shield
against acute and chronic diseases. J Parenter Enteral
Nutr. 2006;30(1):45-51.
Khanna D, Sethi G, Ahn KS et al. Natural products as a
gold mine for arthritis treatment. Curr Opin Pharmacol.
2007;7(3):344-351.
Yang Q, Wu S, Mao X, Wang W, Tai H. Inhibition
effect of curcumin on TNF-α and MMP-13 expression
induced by advanced glycation end products in
chondrocytes. Pharmacology. 2013;91(1-2):77-85.
Price DD, McGrath PA, Rafii A, Buckingham B. The
validation of visual analogue scales as ratio scale
measures for chronic and experimental pain. Pain.
1983; 17:45-56.
Gulick DT, Kimura IF. Delayed onset muscle soreness:
what is it and how do we treat it? J Sport Rehab.
1996;5:234-43.
Safran MR, Seaber AV, Garrett JWE. Warm-up and
muscular injury prevention, an update. Sports Med
1989; 8(4):239-49.
Armstrong RB, Warren III GL. Strain-induced skeletal
muscle fibre injury. In: Macleod D, editor. Intermittent
high intensity exercise: preparation, stresses and
damage limitation. London: E & FN Spon. 1993, 27585.
Cleak MJ, Eston RG. Delayed onset muscle soreness:
mechanisms and management. J Sports Sci. 1992;
10(4):325-41.
Davis JM, Murphy EA, Carmichael MD, Zielinski MR,
Groschwitz CM, Brown ASet al. Curcumin effects on
inflammation and performance recovery following

International Journal of Applied Research

19.
20.

21.

22.

23.

24.

eccentric exercise-induced muscle damage. American
journal of physiology Regulatory, integrative and
comparative physiology 2007; 292:R2168-R2173.
Mathew AG, Pushpanath S. Indian Spices. Kerala,
India: DEE BEE Info Publications, 70-71.
Krishnaswamy K. Traditional Indian spices and their
health significance. Asia Pac J Clin Nutr. 2008;17(suppl
1):265-268.
Deodhar SD, Sethi R, Srimal RC. Preliminary study on
antirheumatic activity of curcumin. Indian J Med Res.
1980; 71:632-634.
Vitadello M, Germinario E, Ravara B, Dalla Libera L,
Danieli-Betto D, Gorsza L. Curcumin counteracts loss
of force and atrophy of hindlimb unloaded rat soleus by
hampering neuronal nitric oxide synthase untethering
from sarcolemma. J Physiol. 2014; 592:2637-52.
Di Pierro F, Rapacioli G, Di Maio EA, Appendino G,
Franceschi F, Togni S. Comparative evaluation of the
pain-relieving properties of a lecithinized formulation
of
curcumin
(Meriva(R)),
nimesulide,
and
acetaminophen. J Pain Res 2013; 6:201-205.
Nosaka K, Newton M, Sacco P. Delayed-onset muscle
soreness does not reflect the magnitude of eccentric
exercise-induced muscle damage. Scand J Med Sci
Sports. 2002; 12:337-46.

~510~

