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Ranges of motion and muscle damage

INTRODUCTION
It is well known that unaccustomed eccentric exercise (ECC) in-
duces muscle damage, which can be indirectly indicated by de-
creases in strength and range of motion (ROM), and increases in 
delayed onset muscle soreness [1-3]. The magnitude of muscle dam-
age can be influenced by several factors, such as exercise intensity [4], 
velocity of movement [5], and muscle exercise [6, 7], among others. 
However, the influence of some factors that affect the magnitude of 
muscle damage are not fully understood, such as the influence of 
total ROM during the ECC (i.e., degree of muscle stretching during 
ECC).

It has been suggested that the total ROM can affect the magnitude 
of muscle damage in animals [8, 9]. Brooks et al. [8] showed that 
passive muscle stretching greater than 50% relative to the muscle 
fibre size induced larger muscle strength deficits than passive mus-
cle stretching lower than 30%. Additionally, Talbot and Morgan [9] 
observed a strong correlation between total ROM and muscle dam-
age. Thus, animal studies suggest that the total ROM developed at 
the ECC may induce a greater degree of muscle injury, which can 
also be the case for humans.

Greater eccentric exercise-induced muscle damage by large versus 
small range of motion with the same end-point
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In humans, Nosaka and Sakamoto [10] compared two protocols 
for ECC (ROM of 80°), but with different degrees of initial muscle 
stretching of the elbow flexor muscles (50-130° [small angle condi-
tion] vs 100-180° [large angle condition]). The large condition showed 
a greater decrease in magnitude of muscle damage than the small 
condition. The same authors also demonstrated with a range of mo-
tion of 50º greater magnitude of muscle damage for the large angle 
condition (100° to 180°) compared to the small angle condition (50° 
to 130°) [11]. Although muscle damage is greater when ECC begins 
with elbow flexors more stretched (i.e., large angle, 130-180°), little 
is known about whether a larger ROM of ECC promotes an even 
greater magnitude of muscle damage in humans. 

To the best of our knowledge, only one study has directly compared 
the effect of two different total ROMs (20-80° vs. 10-130°) on the 
magnitude of muscle damage in humans [12]. The results showed 
greater muscle damage after the ECC with larger compared to small 
ROM. However, the different velocities [13] and final degree of elon-
gation during ECC [10, 11] per se can affect the magnitude of 
muscle damage. In addition, only markers of muscle damage (i.e., 
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muscle soreness and creatine kinase) with considerable variability 
between subjects or that may not reflect correctly the magnitude of 
muscle damage were used [14, 15], which can show even greater 
variability in inter-subject design. 

We propose that comparing different ROMs using a single ECC 
velocity, the same final degree of elongation (ROM end-point) and 
also good indirect markers of muscle damage (e.g., maximal volun-
tary isometric contraction), with a cross-over design (i.e., reducing 
the inter-subject variability) would increase the precision in measur-
ing the contribution of ROM in muscle damage.

Therefore, the aim of the present study was to investigate the 
influence of different ROMs on the magnitude of muscle damage 
when both protocols are matched for velocity of execution and end 
at the same elbow joint angle. Based on the studies presented above, 
it is possible to suggest that large ROMs promote greater muscle 
damage. Thus, our hypothesis is that the larger ROM (120° of total 
ROM, 60-180°) will promote a greater magnitude of muscle damage 
compared with the smaller one (60° of total ROM, 120-180°).

MATERIALS AND METHODS 
Participants. The sample size was estimated from a sample calcu-
lation based on data from a study comparing muscle damage induced 
by ECC at different angles of the elbow flexors [10]. With an alpha 
level of 0.05, a power (1-β) of 0.80, and a potential 30% difference 
in maximal voluntary isometric contraction torque (MVC-ISO) between 
angles of the elbow flexors two days after the protocol, the analysis 
showed that at least eight participants in total were necessary for 
this study. Thus, 12 healthy young men (age: 22 ± 3.1 years; height: 
1.75 ± 0.05 m; body mass: 75.6 ± 13.6 kg) volunteered to par-
ticipate in this study and gave written and informed consent before 
participation. They had not performed resistance training for the 
upper limbs in the last six months and reported no history of neuro-
logical or orthopaedic injuries in the upper limbs. The study was 
conducted according to the Declaration of Helsinki, and ethical ap-
proval was granted by the ethics committee at the local university.

Experimental design
A randomized within-subjects experimental design (i.e., cross-over 
trial) was used to test the hypotheses. All participants performed 
unilaterally the two ECC protocols, with different total ROM (120º 
[120ROM] and 60º [60ROM]). The order of ECC protocol execution 
and the limb (dominant and non-dominant) used were randomized 
to minimize possible interference effects in the results. Participants 
visited the laboratory on 12 occasions separated by 2 weeks. Three 
days before and immediately before (Pre) ECC, maximal voluntary 
isometric contraction torque (MVC-ISO) and range of motion (ROM) 
were measured for the test-retest reliability (between two baseline 
measurements). These indirect markers of muscle damage and 
muscle soreness were re-assessed at 24, 48, 72 and 96 h after 
ECC to assess the magnitude of muscle damage and recovery kinet-
ics.

Eccentric exercise (ECC)
Participants were positioned on the isokinetic dynamometer (Biodex 
System 3 Pro, Biodex Medical Systems, Inc., Shirley, New York, USA) 
chair and their chest and waist were immobilized by straps. They placed 
the upper arm on a padded support that secured the shoulder joint 
angle at 90° flexion and 0° abduction. The forearm was kept in the 
supine position holding the lever attachment of the isokinetic dyna-
mometer. The rotation axis of the dynamometer was visually aligned 
with the elbow joint. Before the ECC a warm-up of two sets of three 
repetitions (concentric/concentric) at 90°s-¹ was performed. To avoid 
delay in torque, before each eccentric contraction the subjects performed 
a 1-s isometric contraction at the initial position in each repetition. The 
ECC consisted of five sets of six maximal voluntary eccentric contrac-
tions of the elbow flexors at an angular velocity of 90°s-1 with a 1-min 
rest between sets. The return was performed passively at 5°s-1 for 
60ROM and 10°s-1 for 120ROM (to assure the same rest interval 
between repetitions). During ECC, the 120ROM protocol performed 
120° of full amplitude, starting from 60° of elbow flexion until 180° of 
elbow flexion (full extension); and the 60ROM protocol performed 60° 
of full amplitude, starting from 120° of elbow flexion and ending at the 
same point (i.e., at 180° of elbow flexion). All participants were also 
verbally encouraged to perform the maximum effort possible in each 
eccentric contraction. After the completion of each set, the total work 
(TW) and peak torque were recorded by the dynamometer software. 

Maximal voluntary isometric contraction torque (MVC-ISO) 
MVC-ISO of the elbow flexors was measured at an elbow joint angle 
of 90° in the same position on the dynamometer as that used for the 
ECC. Participants performed three MVC-ISO, holding each contraction 
for 3 s with a 30-s rest between contractions. The peak torque of each 
contraction was obtained, and the higher value of the three trials was 
used as the MVC-ISO value [7]. The coefficient of variation (CV) 
value for MVC-ISO was 3.2%.

Range of motion (ROM) 
ROM was performed using a metal goniometer (Baseline, Aurora, 
IL, USA) and determined as the difference in maximal voluntary 
elbow flexion and extension angles. Landmarks used to measure the 
elbow joint angles were the lateral epicondyle of the humerus, the 
palpated distal end of the deltoid muscle, the midpoint between the 
styloid processes of the ulna and radius, and the styloid process of 
the radius. Measurements were obtained when subjects extended to 
its maximum the elbow joint and when they flexed the joint most in 
an attempt to touch the shoulder with the palm. The measurements 
were performed three times, always in the limb that performed the 
ECC. The average of three measurements was computed for further 
analysis [7]. The CV value for ROM was 1.6%.

Muscle soreness
Muscle soreness of the elbow flexors was measured by a visual 
analogue scale (VAS) that had a 100-mm continuous line with “no 
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pain at all” on one end (0-mm) and “unbearable pain” on the other 
end (100-mm). The elbow joint of the participants was passively 
extended and flexed throughout its maximal possible range of move-
ment. Then, the subjects were asked to rate their perceived soreness 
rating on the VAS [7]. Muscle soreness was defined as the value 
measured on the VAS.

Statistical analysis
To compare between 120ROM and 60ROM for the dependent vari-
ables (MVC-ISO, ROM and muscle soreness) at baseline, the TW 
and eccentric peak torque performed in the ECC, unpaired t-tests 
were used. The effect size value for comparison between protocols 
at baseline was also calculated. A mixed model analysis with pro-
tocol and time set as fixed factors, and participants set as the 
random factor, was used to compare the effect of 120ROM and 
60ROM protocols in the dependent variables [16]. In the case of 
significant F-values a Tukey adjustment was used for multiple com-
parison purposes. The peak of change of each dependent variable 
was calculated for each participant considering the greatest change 
in each dependent variable after the ECC. Peak values were com-
pared using the unpaired t-test. Effect sizes (ES) were calculated 
using Cohen’s d equation [17] d = M2 – M1 / Spooled where M1 and 
M2 are the means of the peak of change protocols and Spooled is the 
pooled standard deviation. The significance level was set at P < 
0.05. All results are reported as mean ± standard error of the mean 
(SEM).
 
RESULTS 
Baseline values for the dependent variables are shown in Table 1. 
No significant difference between protocols in dependent variables 
was found at baseline (P > 0.05). The total work (TW) was greater 
for 120ROM compared with 60ROM (P < 0.05). However, peak 
torque was similar (P > 0.05) between protocols (Table 1). 

There was a significant main effect of time and protocol for MVC-
ISO, ROM and muscle soreness (Figure 1). MVC-ISO decreased 
significantly after ECC (Figure 1A) for both protocols (120ROM [Nm]: 

Pre, 55.00; 24 h, 38.00; 48 h, 39.90; 72 h, 40.81; 96 h, 47.22 
vs. 60ROM [Nm]: Pre, 57.10; 24 h, 48.90; 48 h, 49.81; 72 h, 
47.70; 96 h, 53.45), and the magnitude of the decrease was sig-
nificantly greater for 120ROM (-35%; ES: 1.97) compared with 
60ROM (-23%; ES: 0.93). As shown in Figure 1B, the ROM de-
creased significantly after ECC for both groups and the magnitude of 
decrease was greater for 120ROM (-11.5°; ES: 1.27) compared with 
60ROM (-4.1°; ES: 0.63). Muscle soreness increased in both 
120ROM and 60ROM (Figure 1C), but the magnitude of increase 
was significantly greater for 120ROM (19 mm; ES: 1.18) compared 
with 60ROM (8 mm; ES: 1.07).

TABLE 1. Baseline values of maximal voluntary isometric 
contractions torque (MVC-ISO), range of motion (ROM), total 
work (TW) and eccentric peak torque (ECC-PT) developed in the 
eccentric exercise in the protocol with 120° of ROM (120ROM) 
and 60° of ROM (60ROM).

FIG. 1. Normalized changes (mean ± SEM) in maximal voluntary 
isometric contraction torque (MVC-ISO, pre-exercise = 100%)  
(A), range of motion (ROM, pre-exercise = 0°) (B) and muscle 
soreness (pre-exercise = 0 mm) (C) of the elbow flexors before 
(pre), 24, 48, 72 and 96 h after 120° of ROM (120ROM) and 60° 
of ROM (60ROM). 
Note: Inset: Delta change (pre-to-peak) after 120ROM and 60ROM. 
*Indicates significant time effect (P < 0.05). †Indicates significant 
difference between protocols (P < 0.05).

Variables 120ROM 60ROM Effect size

MVC-ISO (Nm) 54.83 ± 2.06 57.16 ± 2.68 0.24

ROM (°) 146.10 ± 1.48 145.02 ± 1.47 0.17

TW (J) 576.46 ± 33.20* 232.12 ± 14.93 2.85

ECC-PT (Nm) 64.85 ± 3.45 60.46 ± 3.03 0.30

Note: Data shown as mean ± SEM. *Indicates significant difference 
between protocols (P < 0.05).
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DISCUSSION 
This was the first study to compare the ECC-induced muscle damage 
of the elbow flexors in different total ROM protocols, but with the 
same velocity of movement and ROM end-point (i.e., full elbow 
extension). The main results confirmed the initial hypothesis that 
120° of ROM (120ROM) demonstrated greater magnitude of muscle 
damage compared with 60° of ROM (60ROM). 

Some studies have investigated muscle damage after ECC with 
different ranges of muscle fibre or whole muscle stretching using 
animal models. The authors [8, 9] found that the magnitude of 
stretching can affect the magnitude of muscle damage, as the high-
er magnitude of stretch promoted greater muscle damage. However, 
these animal studies should be interpreted carefully, as the sequence 
of events proposed to lead to muscle damage in an animal model 
does not necessarily apply to the muscle damage in human muscle 
after ECC [18]. In humans, only one study has investigated the effect 
of different total ROMs on the magnitude of muscle damage [12]. 
Vaczi et al. [12] compared two different total ROMs (20-80° vs 10-
130°) using 6 sets of 15 knee ECC. However, the protocol that 
performed greater ROM also performed ECC at greater velocity 
(120°s–1 for the 120° ROM and 60°s–1 for the 60° ROM) to equalize 
the total time under tension. Thus, the results showed a greater in-
crease in muscle soreness and CK for the protocol that performed 
120° ROM [12]. However, it is known that the velocity of the ECC 
can affect the magnitude of muscle damage [13, 19]; therefore, both 
the difference in velocity and the difference in total ROM used in the 
study [12] could account for their results. In addition, the protocols 
did not end at the same degree of elongation, which is a major fac-
tor that should be accounted for, as the final phase of ROM developed 
in the ECC is reported to be very important for inducing muscle 
damage [10]. �For instance, it was shown that for the same total 
ROM (i.e., 80º), the ECC of the elbow flexors performed at a larger 
angle (100-180° of elbow flexion) promoted greater muscle damage 
compared with at a smaller angle (50-130° of elbow flexion) [10]. 
Therefore, for adequately comparing muscle damage after different 
total ROM eccentric exercises, the experimental design must con-
sider the same exercise velocity and the same ROM end-point. In 
our study, both protocols performed the ECC with the same ex-
tended final elbow joint angle (120-180° of elbow flexion), which is 
an important factor to consider [10, 11]. By doing that, both condi-
tions (120ROM and 60ROM) had the same stress during maximum 
elbow extension.

Our results demonstrated no significant difference at baseline for 
any of the indirect markers of muscle damage between the 120ROM 
and 60ROM protocols. After the protocols, we found greater total 
work (TW) for the 120ROM protocol (Table 1), due to the two-fold 
greater ROM performed at the ECC. We did not control for TW, as 
we wanted to investigate the effect of the same number of contrac-
tions and velocity, modulating only total ROM. Although the difference 
in TW could have an impact on the results, it may not be large, as 
it was demonstrated that TW performed at the ECC did not correlate 

well with changes in any indirect muscle damage markers [20]. 
Chapman et al. [20] suggest that high variability in the changes in 
common markers of muscle damage after eccentric exercise could 
be explained by the variability in TW produced in the exercise. To 
test this hypothesis, 53 subjects were submitted to maximal 60 
eccentric actions of the elbow flexors on an isokinetic dynamometer 
that forcibly extended the elbow joint from 60° to 180° at a constant 
velocity (90° s-1). The results showed large variability of the total 
work between subjects (695 to 7702 J), but no association with the 
magnitude of changes in indirect markers of muscle damage. There-
fore, we suggest that the major impact in our results was indeed due 
to the difference in total ROM.

The main comparisons in the present study demonstrated great-
er decreases in muscle strength (i.e., MVC-ISO) for the 120ROM 
protocol compared with the 60ROM protocol. Muscle strength is 
considered one of the most reliable indirect markers of muscle dam-
age [21]. The decline in muscle force production in the days follow-
ing ECC can vary from 9 to 50% [22-24]. This variation is related 
to variables such as exercise intensity [4], velocity of movement [5], 
and muscle exercise protocol [6, 7], which makes difficult the com-
parison of previous studies with the results presented herein. How-
ever, this variation in the decrease of muscle strength has been used 
to classify the magnitude of muscle damage in mild damage (no 
more than -20%), moderate damage (-20 to -50%) and severe dam-
age (more than -50%) [25]. According to this classification, the 
60ROM protocol showed mild damage (12-23% loss of strength), 
while the 120ROM protocol showed moderate damage (25-38% 
loss of strength). This difference can also be confirmed by greater 
effect size values for the 120ROM protocol (MVC-ISO, ES: 1.97) 
compared with the 60ROM protocol (MVC-ISO, ES: 0.93). As well 
as MVC-ISO, muscle soreness was greater for the 120ROM protocol 
(19 mm; ES: 1.18) compared with the 60ROM protocol (8 mm; ES: 
1.07). It is suggested that the muscle tissue and the muscle-tendon 
junction have free nerve endings responsible for the mechanical and 
chemical information [26]. Thus, when the connective tissue sur-
rounding the fibres is damaged by ECC, it becomes more sensitive 
to pain and produces decreases in ROM. This is evidenced in our 
study, as both protocols showed reduced ROM after the ECC proto-
cols. Similarly as muscle soreness, reduces in ROM were greater for 
the 120ROM protocol (-11.5°; ES: 1.27) compared with the 60ROM 
protocol (4.1°; ES: 0.63). Overall, our results indicate clearly that a 
protocol with a two-fold greater ROM induces a higher degree of 
muscle damage than a smaller ROM, even when the protocols are 
performed to the same end-point of ROM. 

The findings of the present study support the commonly held 
belief amongst athletes and coaches that a large ROM results in a 
higher level of muscular stress, which promotes greater muscle sore-
ness and muscle damage. The prolonged deficit in strength and in-
crease in muscle soreness following a large ROM in the untrained 
population used in this study may negatively affect the daily activities 
in this population. Therefore, practitioners should be careful with 
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exercises with large amplitudes in the early stages of training to avoid 
compromising adherence to exercise programmes. 

CONCLUSIONS 
In conclusion, ECC of the elbow flexors with a 120° ROM promotes 
a greater magnitude of muscle damage compared to an ECC proto-
col with a 60° ROM. This conclusion is highlighted by greater chang-
es in all indirect markers of muscle damage measured (MVC-ISO, 
ROM and muscle soreness) for the 120ROM protocol compared with 
the 60ROM protocol.
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