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ABSTRACT

Background: Eccentric exercise is defined as a type of exercise in which the muscle produces power by extending. In contrast to isometric and concentric
exercises, eccentric muscle activity is much more effective mechanically; however, it may expose the muscle to soreness. Delayed-Onset Muscle Soreness
(DOMS) emerges a couple of hours after an eccentric activity, especially in individuals who are not used to this kind of exercise, and causes a temporary
decrease in muscle performance, joint movement angle and muscle power, and also a temporary increase in the blood creatine kinase (CK) activity.

Aims: This study investigates the effect of DOMS on the upper extremities motor performance by conducting an eccentric exercise load on the elbow
flexor muscles.

Study design: Cross sectional study.

Methods: The study included 10 wheelchair basketball players. First, the participants underwent blood CK activity, positioning sense, muscle pain,
shooting performance measurements tests at the base, and after 30 minutes and 24 and 48 hours. Then, one week later, the one-repetition-maximums
of biceps curls were determined in order to define the intensity of the eccentric exercise. An eccentric exercise protocol which would cause DOMS
was applied to all players. All tests were replaced with acute exhaustive eccentric exercise; the same tests were repeated in the same order after the
exercise. Blood CK activity was measured by taking an earlobe capillary blood sample. The muscle pain level was measured by using a Visual Analogue
Scale (VAS). Positioning sense loss was assessed via goniometer at 30°, 60° and 90° degrees horizontally.

Results: The study found a statistically significant increase in blood CK activity and positioning sense loss, and a decrease in the pressure-pain threshold,
as well as the shooting percentages in the exercise group when compared with the control.

Conclusion: These findings suggest that DOMS negatively affects the upper extremities motor performance of wheelchair basketball players at least

48 hours after eccentric exercise.
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Introduction

Eccentric exercise is defined as a type of exercise in which
the muscle produces power by extending (1). In contrast to
isometric and concentric exercises, eccentric muscle activity
is much more effective mechanically; however, it may expose
the muscle to soreness (2, 3). Eccentric contraction either
provides a reinforcement stimulus to the skeleton muscles or
causes damage to the muscle and produces pain. Delayed-
Onset Muscle Soreness (DOMS) defines muscle pain and
sensitivity which emerges a couple of hours after eccentric
muscle movements, especially when the individual is not used
to it. At the same time, DOMS is a muscle damage symptom
which occurs after eccentric exercise; however, it is not always
observed together with muscle damage (4). In the skeleton
muscles, the level of muscle proteins such as creatine kinase
(CK) increases together with DOMS after heavy exercise,
and joint movement angle, muscle power and performance
decreases (5). Most studies on DOMS have focused on the
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plasma CK activity changes, electromyography findings and
muscle power, while the effects of DOMS on other compo-
nents of upper extremities such as coordination and motor
performance have been seldom addressed (6).

The upper extremity pain prevalence in manual wheelchair
users has been reported in a number of studies; however, few
researchers studied the relation of pain to the functional ac-
tivities (7). In wheelchair basketball players, post-injury traumas
have been mostly studied (8). No study of DOMS in wheelchair
basketball players could be found in the literature. In this study,
the effect of DOMS on upper extremity motor performance
was investigated by evaluating the blood CK activity, position-
ing sense, muscle pain and shooting performance parameters
of eccentric exercise in wheelchair basketball players.

Material and Methods

Ten male wheelchair basketball players who complied
with the acceptance criteria volunteered to participate in the
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Table 1. Age, years of basketball playing and player handicap points (average=SD)

Minimum Maximum Average Standard Deviation
Age (years) 19 46 32.6 +7.61
Basketball Experience (years) 1 22 11.9 +7.34
Player Handicap Points 1.5 4 2.75 +1.0

study. The study was approved by the Dokuz Eylil University
Faculty of Medicine Clinic and Laboratory Research’s Ethics
Committee; the players also provided written informed
consent. Players who had any illnesses or reported any
upper extremity pain or sports injury on the first day of
the study were not included. The players were asked not
to use anti-inflammatory drugs and to avoid exhaustive
exercises.

First, all participants underwent blood CK activity, posi-
tioning sense, muscle pain, shooting performance measure-
ments tests at the base, and after 30 minutes, and 24 and
48 hours (control measurement). Then, one week later, the
one-repetition-maximum of the biceps curl was determined
in order to define the intensity of the eccentric exercise. An
eccentric exercise protocol which would cause DOMS was ap-
plied to all players. All tests were replaced with acute exhaus-
tive eccentric exercise (exercise measurement), and the same
tests were repeated in the same order after exercise. Player
handicap points were used according to the International
Wheelchair Basketball Federation (IWBF) Player Classification
Commission report and are presented in Table 1 (9).

Blood CK activity

Blood CK activity was measured by taking earlobe
capillary blood samples, as defined by Horder et al. (10). The
earlobe was cleaned with alcohol and a 30 pL blood sample
was taken into a heparinised capillary tube. The sample was
taken rapidly from the capillary tube onto the probe and
the CK measurement was conducted using the colorimetric
measurement procedure (Reflotron Plus, Roche Diagnostic,
Mannheim, Germany).

Positioning sense loss measurement

The measurements were conducted in the dominant
upper extremities where eccentric exercise protocol had been
applied. The measurements were done on the wheelchairs
used by the players during their match using a digital
goniometer (Guymon, Model 1129, Lafayette Instruments Co.,
Lafayette, IN, USA) and a universal goniometer. The universal
goniometer was attached to the reference arm, and the digital
goniometer was attached to the exercise arm using bandages.
Both goniometers were placed, taking the lateral epicondyl of
humerus as a pivot, parallel to the static arm humerus lateral
midline and towards the stiloid protrusion of the radius of
the moving arm, in order to follow the lateral midpoint of the
radius. The measurement was conducted while the players
were in a seating position in their wheelchairs, with their eyes
closed and holding their forearm at three different degrees:
30°, 60° and 90° degrees horizontally. The reference arm was
randomly placed at one of these angles and the player was

asked to perform a 2 second isometric flexion contraction at
this angle. After contraction, the player was asked to release
his arm and position the other arm at the same angle. After a
30 second rest period, this method was repeated at all three
degrees, three times each, for a total of 9 trials. The average
deviations for each 3 degrees were used as the positioning
sense loss data (11).

Muscle pain level measurement

The measurements were conducted in the dominant
upper extremity on which the eccentric exercise protocol had
been applied. In order to determine the muscle pain level of
the players, the Visual Analogue Scale (VAS) was used. The
players were asked to mark the level of muscle pain on a 100
mm horizontal line. According to this scale, “0"” indicated that
there was no pain and “100” indicated the sharpest pain.
Firstly, the players were asked to mark the muscle pain level
on VAS with an (x) when their arm was beside their body in its
rest position. Later, they were asked to mark the level of the
pain on the scale while their elbow joint was in 90° flexion, in
other words when the muscle was in isometric contraction;
finally, they were asked to mark the level of the pain when the
most bulging part of the muscle was palpated (12).

Determining the shooting percentage

The players were requested to throw 10 free throws from
the free throw line to a standard height hoop after a warming
period. The percentage of successful throws was calculated
and used as data.

Determining the muscle strength

Muscle power was determined using the 1-repetition
maximum (1RM) according to Baechle and Earle (13). The
players exercised for approximately for one minute with a
dumbbell to warm up the elbow flexors. The players were
asked to make a single elbow flexion. The free weight was
adjusted to a greater weight and the players were asked to
make an elbow flexion again. This procedure was repeated
until the players could not lift the free weight. The last
successful lift was recorded as the 1RM value.

Eccentric exercise protocol

In order to create Delayed-Onset Muscle Soreness, the
players completed 4 sets of eccentric exercise, each compris-
ing 20 repetitions of lifting 80% of their 1RM. The exercise
protocol was applied to the dominant upper extremity by us-
ing a dumbbell in the wheelchairs. Players’ shoulders were
supported and their elbows were positioned to 90° flexion.
The players were asked to drop the dumbbell on the ground
as such each repetition would end in 2 to 3 seconds. For the
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Figure 1. Blood creatine kinase activity (pL) (values repre-
sent mean and %S.D.)

* Higher than before exercise p<0.05

# Higher than after 30-minutes p<0.05

T Higher than before exercise p<0.05

o Higher than after 30-minutes p<0.05

oo Significantly different between control and exercise measurements after
48-hours p<0.05
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Figure 2. Muscle pain changes at elbow flexion (values rep-
resent mean and +S.D.)

* Higher than before exercise p<0.05

# Higher than after 30 minutes p<0.05

T Higher than before exercise p<0.05

¢ Significantly difference between control and exercise measurements af-
ter 24-hours p<0.01

£ Higher than before exercise p<0.05

o Higher than after 30 minutes p<0.05

B Higher than after 24-hours p<0.05

oo Significantly different between control and exercise measurements after
48-hours p<0.01
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Figure 3. Shooting performance (values represent mean
and £S.D.)

* Significantly different between control and exercise measurements after
24-hours p<0.05

# Higher than before exercise p<0.05

1 Significantly different between control and exercise measurements after
48-hours p<0.05
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Figure 4. Position sense loss (°) (values represent mean and
+S.D.)

* Higher than before exercise p<0.05

# Significantly different between control and exercise measurements at
after 30-minutes p<0.01

T Higher than 30-minutes p<0.05

o Higher than before exercise p<0.05

B Significantly different between control and exercise measurements after
24-hours p<0.01

¢ Higher than before exercise p<0.05

oo Higher than after 30-minutes p<0.05

A Higher than after 24-hours p<0.05

f Significantly different between control and exercise measurements after
48-hours p<0.01
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next repetition the dumbbell was brought to the starting posi-
tion by the researcher (14).

Statistical analysis

The results were analysed using SPPS (SPSS Inc., Chicago,
IL, USA, version 16.0). Friedman Variance Analysis was used to
determine the significance within the groups. After the variance
analysis, in cases where a significant difference was determined,
the Multiple Comparison Test was performed using the For-
mula below. This calculation shows the difference of repeated
measures for non-parametric data and corrects Type 2 errors
(15). The statistical significance level was accepted as p<0.05.
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Results

There were no significantly difference control measure-
ments of blood CK activity. However, after eccentric exercise
intervention, blood CK activity significantly increased after 24
hours with respect to the 30" min and before exercise. Also,
there was statistically significant elevation of blood CK levels
after 48 hours when compared to the 30" min and before ex-
ercise (Figure 1).

Muscle pain level was determined using VAS and is
presented as mean and standard deviation in Figure 2. No
change in muscle pain was observed for the control measure-
ments. There was a significant difference for 30" min muscle
pain when compared to before exercise. Also, muscle pain
was significantly higher in the 24 hour than after 30 min and
before exercise. Furthermore, it was significantly higher after
48 hours than for all prior measurements (Figure 2).

After the eccentric exercise there was a significant differ-
ence between control and exercise measurements after the 24t
and 48" hours. Shooting performance was decreased after 48
hours when compared to before exercise by 16% (Figure 3).

In exercise measurements, a trend to higher position sense
loss was seen for repeated measurements. Furthermore, there
was a significantly increased position sense loss for all phases
of data when compared with control measurements (Figure 4).

Discussion

The results of this study indicated that eccentric exercise
induced DOMS and position sense loss; also, muscle pain of
the elbow flexors increased and shooting performance de-
creased in wheelchair basketball players. The observed in-
crease in blood CK activity was attributed to DOMS. Our find-
ings are in agreement with earlier researches which showed
similar increases in plasma CK activity after eccentric exercise
(16, 17). It has been mentioned in the literature that soft tis-
sue injuries such as contusions, distention and tearing are the
most frequent injuries, while fractures and dislocations are less
likely (18). Stohr and Zimmer (19) determined in a study con-
ducted on wheelchair basketball players that 60% of injuries
and overload syndrome occur; 75% of these are in the upper
extremities and 58% of the injuries are acute. In another study

Burnham et al. (20) reported that 87% of the wheelchair bas-
ketball players were subject to upper extremity injuries and
that the players could not continue the matches or the exer-
cises in 18% of these injuries. As most studies of DOMS and
athletic performance being carried out in healthy athletes, no
research has been found for wheelchair basketball players. To
our knowledge, this is the first report indicating that DOMS
has a negative effect on wheelchair basketball shooting per-
formance. It was suggested that any lower extremity force is
not used in wheelchair basketball players during shooting, but
that the force is created in the body and the upper extremities
(21). In another study, Malone et al. (22) stated that deviations
in the ball orbit during targeting and inadequate force are the
basic factors in unsuccessful free throws in wheelchair basket-
ball players. Therefore, upper extremity power and technique
play an important role in shooting success.

There was a significant increase in positioning sense loss
in the 30" min after exercise, and that increase remained
through 24 and 48 hours after the exercise. In agreement with
our study's findings, Saxton et al. (23) recorded significant po-
sitioning sense loss immediately after the load on the elbow
joint flexion muscles. Similarly, Walsh et al. (24) concluded sig-
nificant positioning sense loss when the subjects were asked
to match positioning of the forearm muscles after an eccentric
exercise protocol.

In the present study, when the muscle pain level was tried
to be determined by palpating the muscle, a significant in-
crease in muscle pain level in the distal portion of the muscle
was found. The muscle pain which occurred immediately after
the eccentric exercise is confirmed with by the study of Mick-
lewright et al. (14).

Furthermore, Friden et al. (25) have reported that the
increase in the muscle pain level could decrease the muscle
power. The findings of our study indicated a significant in-
crease of muscle pain during upper extremity flexion at 30
minutes, 24 hours and 48 hours after the eccentric exercise.
Therefore, this muscle pain could affect muscle power, and
the shooting percentage as a result. In this study, shooting
percentage showed a significant decrease after eccentric ex-
ercise. Based upon this finding, it can be argued that DOMS
negatively affects the shooting percentage, which is a perfor-
mance parameter in wheelchair basketball players.

In conclusion; this study presents DOMS, which occurs af-
ter eccentric exercise, causes positioning sense loss and a de-
crease in shooting percentages in wheelchair basketball play-
ers. The periodisation of the eccentric exercises must consider
the long recovery period required before the match. Also, the
time required for the DOMS effects to disappear could not be
determined since the study was completed in a 48 hour time-
frame. Further studies are needed to reveal the relationship
between eccentric exercise and DOMS.
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