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Objective: To determine the temporal pattern of the repeated
bout effect of eccentric exercise on perceived pain and mus-
cular tenderness associated with delayed-onset muscle sore-
ness (DOMS).

Design and Setting: Subjects completed 2 identical eccen-
tric exercise bouts separated by 6, 7, 8, or 9 weeks. The ex-
periment was conducted in a biokinetics research laboratory.

Subjects: Sixteen male and 15 female untrained subjects
(age 5 24.59 6 4.42 years, height 5 171.71 6 7.81 cm,
weight 5 73.00 6 11.20 kg).

Measurements: Two physiologic characteristics of DOMS
were measured immediately before and 0, 24, 48, and 72 hours
after each eccentric exercise bout. Perceived pain was mea-
sured using a visual analog scale (VAS), and muscular tender-
ness was measured using a punctate tenderness gauge (PTG).

Results: Two 4 3 2 3 5 (group 3 bout 3 time) analyses of
variance with repeated measures on the bout and time factors

were performed on the VAS and PTG data. Significant (P ,
.05) main effects were found for group, bout, and time for the
VAS and the PTG data. No significant interactions were de-
tected. Post hoc analysis revealed significantly less perceived
pain for the 9-week group than the 8-week group. The 7-week
group had significantly less and the 8-week group had signifi-
cantly more muscular tenderness than any other group. Per-
ceived pain and muscular tenderness were significantly less af-
ter exercise bout 2 than after exercise bout 1. All subjects had
significantly less perceived pain and muscular tenderness pre-
exercise than 0 and 24 hours after the eccentric exercise bouts.

Conclusions: An effective prophylaxis for perceived pain
and muscular tenderness associated with DOMS is the perfor-
mance of an eccentric exercise bout 6 to 9 weeks before a
similar exercise bout.

Key Words: musculoskeletal injury, eccentric exercise, re-
peated bout effect, visual analog scale

Delayed-onset muscle soreness (DOMS) affects most
active people at some point in their lives. DOMS is a
common ailment that in many cases impedes an ath-

lete’s performance. As part of a muscle tissue damage contin-
uum, DOMS represents a limited form of muscle tissue dam-
age that, on a larger scale, involves the entire functional mus-
cle unit.1,2 DOMS presents with a dull, aching pain that
develops 24 to 48 hours after a novel or unaccustomed exer-
cise bout. The pain typically peaks between 24 and 72 hours
postexercise when the muscles are tender and swollen.3–5 The
severity and distribution of pain associated with DOMS are
related to the intensity, duration, and type of exercise per-
formed.6,7 DOMS is primarily associated with eccentric ex-
ercise or passive lengthening of a contracted muscle.6,7 The
deleterious effects of DOMS are well documented,1–11 yet
there is no standard treatment or prophylaxis for the condition.

The effects of DOMS are alleviated when a soreness-pro-
ducing exercise bout is preceded by a similar soreness-pro-

ducing exercise bout.8,12–15 An adaptive response to one or
more bouts of eccentric exercise has been termed the repeated
bout effect and appears to be the best known prophylaxis for
DOMS.8,12–15 The time frame of the adaptation remains enig-
matic. Performance of a single eccentric exercise bout has
been shown to reduce muscle soreness after a similar exercise
bout up to 6 weeks8,15 but not beyond 9 weeks.15 The extent
of the diminished prophylactic response over time is still un-
known. Our purpose was to determine the temporal pattern of
the repeated bout effect of eccentric exercise on perceived pain
and muscular tenderness associated with DOMS when 2 iden-
tical exercise bouts were separated by 6, 7, 8, or 9 weeks.

METHODS

Research Design
The study consisted of 3 independent variables and 2 de-

pendent variables. Independent variables were exercise group
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Subjects’ Age, Height, and Weight by the 6-, 7-, 8-, and 9-Week
Groups (Mean 6 SD)

Group Age (y) Height (cm) Weight (kg)

6-week (n 5 7)
7-week (n 5 8)
8-week (n 5 8)
9-week (n 5 8)

23.86 6 5.61
23.38 6 1.92
25.75 6 7.21
25.38 6 2.92

171.63 6 8.15
175.80 6 9.36
167.96 6 8.84
171.45 6 4.90

75.43 6 11.90
80.29 6 14.59
65.13 6 7.44
71.16 6 10.93

(6 weeks, 7 weeks, 8 weeks, or 9 weeks), bout (exercise bout
1 or 2), and time (immediately before or 0, 24, 48, or 72 hours
after exercise). Dependent variables were perceived pain as
measured via a visual analog scale (VAS) and muscular ten-
derness as measured via a punctate tenderness gauge (PTG).
The study was conducted at the Temple University Biokinetics
Research Laboratory.

Subjects

Sixteen male and 15 female Temple University students vol-
unteered to participate in the study. Subjects’ mean age was
24.59 6 4.42 years, height was 171.71 6 7.81 cm, and weight
was 73.00 6 11.20 kg (Table). Subjects were screened and
admitted for study participation based on the absence of cur-
rent upper body weight training, upper extremity injury within
one year of the study, and predisposing cardiovascular or car-
diorespiratory conditions. Subjects were asked to refrain from
performing upper body stretching and exercises, treating the
affected arm, and taking anti-inflammatory medications during
the data collection periods. One subject did not return to com-
plete the second exercise bout and was dropped from the
study. In accordance with the Temple University Institutional
Review Board, which approved the study, appropriate subject
consent was obtained before data collection.

Instrumentation and Equipment

Isokinetic Dynamometer. The Biodex B-2000 isokinetic
dynamometer (Biodex Medical Systems, Shirley, NY), was
used to perform the exercise bouts, which consisted of eccen-
tric contractions of the wrist extensor muscles of the subject’s
nonwriting forearm. The dynamometer was calibrated by the
primary investigator at the beginning of each data collection
session according to the manufacturer’s guidelines. Mechanical
reliability is 1.0 for eccentric peak torque, average power, and
total work, and physiologic reliability ranges from 0.94 to 0.99
for eccentric peak torque, average power, and total work of
the quadriceps and hamstrings muscle groups.16

Visual Analog Scale. A variation of the VAS developed by
Melzak17 was used to quantify the general level of soreness
of the subjects. The VAS consists of a 10-cm line, with no
soreness on the left end of the line and extreme soreness on
the right end of the line. Subjects were asked to place a slash
mark on the line according to the general level of perceived
soreness at the time of assessment. A blank scale was used
each time to avoid bias from preceding measurements.18 The
slash mark was measured from the left end of the line to the
nearest 0.1 cm. Scores were recorded as a value between no
soreness (0) and extremely sore (10). The VAS is easily and
quickly administered19 and has been used as a reliable mea-
surement for determining the intensity of human pain.17,19–21

Punctate Tenderness Gauge. Newham et al6,14,22–24 de-
veloped a method to measure tenderness upon palpation using

a variation of the PTG. The PTG (Technical Products Co,
Caldwell, NJ) used in this study consists of a 2-mm hemi-
spheric metal probe attached to a strain gauge. A plastic grid
with holes at 10 evenly spaced sites was placed over the sub-
ject’s experimental forearm with the elbow flexed to 908 and
the forearm fully pronated. The proximal end of the grid was
placed snugly in the subject’s cubital fossa, with the corners
of the grid positioned over the medial and lateral humeral epi-
condyles and secured with self-adhesive strips. The PTG was
inserted into each hole and depressed until the subject reported
that the sensation of pressure changed to discomfort or pain.
The criterion measure was the amount of pressure required to
elicit the response and was recorded in pounds of pressure.
Muscular tenderness, as measured using the PTG, and pounds
of pressure are inversely related (ie, the more muscular ten-
derness, the less pressure required to elicit a response). This
method of PTG application is comparable with weights trace-
able to the National Bureau of Standards (r 5 .99, intraclass
correlation coefficient [2,1] 5 .98 lb; standard error of the
mean 5 .03 lb) (D. C. Meserlian, unpublished data, 1987 to
1991).

Data Collection

Group Assignment and Pre-Exercise Measurements.
Each subject was randomly assigned to one of 4 exercise
groups: 6 weeks, 7 weeks, 8 weeks, or 9 weeks. The 6-week
group performed the second exercise bout 6 weeks after the
initial exercise bout, while the 7-, 8-, and 9-week groups per-
formed the second exercise bout 7, 8, or 9 weeks after the
initial exercise bout, respectively. The VAS and PTG were
administered before the exercise bout.

Exercise Positioning and Stabilization. Subjects were
seated upright on the dynamometer accessory chair with the
experimental (nonwriting) forearm on the padded armrest,
which was positioned immediately proximal to the ulnar sty-
loid process. The forearm was fully pronated and the trique-
trum was aligned with the dynamometer axis. The elbow was
flexed to 908 with the forearm positioned in the horizontal
plane.25 The start position was verified goniometrically by the
primary investigator, who performed all goniometric measure-
ments (intratester reliability, r $ .81). Straps were positioned
across the subject’s pelvis, chest, and forearm to ensure sta-
bilization of the arm and elbow during exercise. A folded tow-
el was placed in the axilla to facilitate the adducted position
and to allow for greater arm and elbow stabilization. Range-
of-motion limits were set by the investigator at 608 of exten-
sion and 708 of flexion with 10% range limits in each direc-
tion.26

Exercise Bout 1. Standardized instructions were read to
each subject before the warm-up and exercise bouts. The
warm-up consisted of 5 submaximal and 4 maximal eccentric
repetitions, followed by exercise bout 1, which consisted of 5
sets of 50 maximal eccentric repetitions of the wrist extensor
muscles with a 60-second rest period between sets. The dy-
namometer was set in the passive mode to allow the subject
to actively resist wrist flexion, producing eccentric tension.
After the exercise bout, the subject was instructed to relax and
allow the dynamometer to return the wrist to the extended
starting position to eliminate concentric work. Total work as
a relative measure of muscular effort for the exercise protocol
was determined from the computer output and recorded upon
completion of the initial exercise bout.
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Figure 1. Average perceived pain (cm) for 6-, 7-, 8-, and 9-week
groups. *Significantly less perceived pain (P , .05) was found for
the 9-week group than for the 8-week group.

Figure 2. Average perceived pain (cm) at exercise bouts 1 and 2.
*Significantly less perceived pain (P , .05) was found for exercise
bout 2 than for exercise bout 1.

Figure 3. Average perceived pain (cm) at pre-exercise and 0, 24,
48, and 72 hours. *Significantly less perceived pain (P , .01) was
found at pre-exercise than at the 0- and 24-hour tests.

Visual analog scale and PTG tests were administered im-
mediately after exercise bout 1. Subjects were reminded not
to massage, stretch, or treat the exercised arm in any way and
to refrain from taking anti-inflammatory medications for 3
days postexercise. Subjects returned to the laboratory 24, 48,
and 72 hours postexercise for follow-up VAS and PTG ad-
ministrations. Once the 3 days of follow-up data were ob-
tained, the subjects were scheduled to return to the laboratory
6, 7, 8, or 9 weeks after the initial exercise bout, depending
on group assignment.

Exercise Bout 2. Subjects returned to the laboratory for
exercise bout 2 after the assigned number of weeks. The VAS
and PTG were administered, and then subjects were posi-
tioned, stabilized, and exercised as they had been for exercise
bout 1. Exercise bout 2 was terminated when the subject had
produced the same total work as that of exercise bout 1. Total
work output for each subject during exercise bout 2 duplicated
the total work recorded for exercise bout 1. The VAS and PTG
were administered immediately upon completion of the exer-
cise bout and 24, 48, and 72 hours postexercise.

Data Analysis

Two 4 3 2 3 5 (group 3 bout 3 time) analyses of variance
with repeated measures on the bout and time factors were per-
formed on the VAS and PTG data. The Biomedical Data Pro-
gram Statistical Software (University of California Press,
Berkeley, CA)27 was used for data analyses. We performed
Tukey HSD post hoc tests28 to determine where the significant
differences occurred. The alpha level was set at P # .05, and
all hypothesis testing was completed in the null form.

RESULTS

Significant main effects were found for group, bout, and
time for the VAS and PTG (Figures 1 and 2). No significant
interactions existed. Post hoc analysis revealed that the 9-week
group had significantly less perceived pain (F3,27 5 3.12,
P , .05) than the 8-week group as measured via the VAS
(Figure 1). Significantly less perceived pain (F1,3 5 5.18,
P , .05) was found after exercise bout 2 than after exercise
bout 1 as measured via the VAS (Figure 2). The time data
revealed significantly less perceived pain (F4,12 5 28.39, P ,

.01) for the pre-exercise test than for the 0-hour and 24-hour
tests as measured via the VAS (Figure 3).

Post hoc analysis of the PTG data revealed that the 7-week
group had significantly less and the 8-week group had signif-
icantly more muscular tenderness (F3,27 5 3.35, P , .05) than
any other group (Figure 4). Significantly less muscular ten-
derness (F1,3 5 62.49, P , .01) was found after exercise bout
2 than after exercise bout 1 as measured via the PTG (Figure
5). Significantly less muscular tenderness (F4,12 5 7.47, P ,
.01) was found for the pre-exercise test than for the 0-hour
and 24-hour tests (Figure 6).

DISCUSSION

The expected temporal pattern of DOMS during the 72
hours immediately after the exercise bout is consistent with
observations of others.8,11,29–32 Perceived pain and muscle
tenderness were both significantly greater than baseline val-
ues at 24 and 48 hours after the exercise bout,11,32 with the
DOMS resolving by 72 hours (Figures 2 and 5). The acute
postexercise discomfort associated with DOMS was most
likely due to structural23,24,33,34 and biochemical chang-
es.35,36–38 Mechanical forces associated with the intense ec-
centric exercise bout of the present study likely damaged
muscle proteins and connective tissue, leading to edema and
an inflammatory reaction that caused secondary biochemical
damage.37,39 Several mechanisms may be responsible for the
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Figure 4. Average muscular tenderness (pounds of pressure) at 6-,
7-, 8-, and 9-week groups. *Significantly less muscular tenderness
(P , .05) was found for the 7-week group than for any other group.
†Significantly more muscular tenderness (P , .05) was found for
the 8-week group than for any other group. Note: values are in-
versely related to muscular tenderness.

Figure 5. Average muscular tenderness (pounds of pressure) at
exercise bouts 1 and 2. *Significantly less muscular tenderness
(P , .01) was found for exercise bout 2 than for exercise bout 1.
Note: values are inversely related to muscular tenderness.

Figure 6. Average muscular tenderness (pounds of pressure) at
pre-exercise and 0, 24, 48, and 72 hours. *Significantly less mus-
cular tenderness (P , .01) was found at pre-exercise than at the
0- and 24-hour tests. Note: values are inversely related to muscular
tenderness.

adaptive effect observable 6 to 10 weeks after an eccentric
exercise perturbation. Healing is usually observable by 72
hours after tissue injury,37 which may be responsible, in part,
for the decreases in both perceived pain and muscle tender-
ness. The formation of protective proteins such as desmin or
titin during healing37,39 may have been responsible for the
attenuation of DOMS after the second exercise bout8,15 (Fig-
ures 1 and 4). Collagen deposition in the myotendinous junc-
tion and perimysial areas during maturation and remodeling
would increase the strength of connective tissue surrounding
the myofiber, providing an additional protective effect.33 Fi-
nally, repair of the sarcoplasmic reticulum and sarcolemma,
increasing their resistance to damage, would further reduce
the calcium-mediated damage and efflux of intramuscular
proteins after an eccentric exercise bout.15

We expected progressively higher levels of perceived pain
and muscular tenderness when an exercise bout was repeated

after 6, 7, 8, and 9 weeks. Group data in the present study
revealed differences in the magnitude of the average perceived
pain and muscular tenderness incurred by the subjects. Sig-
nificantly less perceived pain was found for the 9-week group
than for the 8-week group (Figure 1). While randomization of
subject group assignment would have negated individual var-
iations in the exercise bout response, the relatively small sam-
ple size may account for the unexpected results in perceived
pain and muscular tenderness of the 7- and 8-week groups.

The exercise bout data in our study were consistent with
the expected outcome. Regardless of group, less perceived
pain and muscular tenderness occurred after exercise bout 2
than after exercise bout 1. Similarly, Byrnes et al8 found that
repeating a bout of downhill running after 3 and 6 weeks
resulted in significantly less perceived soreness for the sec-
ond exercise bout when compared with the first exercise bout.
After 9 weeks, perceived soreness ratings for the second ex-
ercise bout exceeded those for the first exercise bout. The
downhill running was performed at a variable treadmill speed
with a constant heart rate (170 beats per minute) and constant
duration (45 minutes) for each subject. Nosaka et al15 also
found significantly less perceived muscle soreness when an
eccentric exercise bout using the elbow flexors was repeated
after 6 weeks. No significant decrements in perceived sore-
ness ratings were found when the second exercise bout was
performed 10 weeks after the first exercise bout. A similar
constant workload was performed during each of the eccen-
tric exercise bouts of the elbow flexors. Additionally, New-
ham et al14 found progressively more soreness when eccen-
tric exercise bouts of the elbow flexors were repeated every
2 weeks for 6 weeks. Elbow flexors were exercised at a con-
stant workload for all exercise bouts. We used the wrist ex-
tensor muscles because these were not eccentrically trained,
were used minimally in activities of daily living, and would
not incapacitate the subject with pain and reduced function.
The relative workload was designed to exactly duplicate the
amount of tension produced by the muscles and was mea-
sured by the isokinetic dynamometer for each exercise bout
for each subject.
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CONCLUSIONS

Perceived pain and muscular tenderness associated with an
eccentric exercise perturbation can be reduced by performing
similar exercise 6, 7, 8, or 9 weeks before beginning an ex-
ercise program. Most individuals engaging in physical activity
will experience DOMS at some point in their lives. Clinically,
exercise and rehabilitation program noncompliance are often
attributed to the discomfort associated with DOMS. Perfor-
mance of an eccentric exercise bout up to 9 weeks before
beginning an exercise program can reduce delayed postexer-
cise muscle pain and tenderness. Preseason conditioning may
begin up to 2 months before intense physical activity, resulting
in reduced delayed muscle pain and tenderness during the first
weeks of a competitive sports season. Reduced muscle pain,
tenderness, stiffness, and weakness associated with DOMS36

may help improve performance and reduce injury due to un-
sound biomechanical compensations37 early in a competitive
sports season. Sports medicine personnel must emphasize the
importance of the prophylactic benefits of the repeated bout
effect on DOMS to individuals who are involved in novel or
unaccustomed physical activity. Further research is needed to
determine other methods of reducing the severity of the signs
and symptoms associated with DOMS.
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