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The effects of different passive static stretching intensities on
recovery from unaccustomed eccentric exercise – a randomized
controlled trial
Nikos C. Apostolopoulos, Ian M. Lahart, Michael J. Plyley, Jack Taunton, Alan M. Nevill,
Yiannis Koutedakis, Matthew Wyon, and George S. Metsios

Abstract: Effects of passive static stretching intensity on recovery from unaccustomed eccentric exercise of right knee extensors was
investigated in 30 recreationally active males randomly allocated into 3 groups: high-intensity (70%–80% maximum perceived stretch),
low-intensity (30%–40% maximum perceived stretch), and control. Both stretching groups performed 3 sets of passive static stretching
exercises of 60 s each for hamstrings, hip flexors, and quadriceps, over 3 consecutive days, post-unaccustomed eccentric exercise.
Muscle function (eccentric and isometric peak torque) and blood biomarkers (creatine kinase and C-reactive protein) were measured
before (baseline) and after (24, 48, and 72 h) unaccustomed eccentric exercise. Perceived muscle soreness scores were collected
immediately (time 0), and after 24, 48, and 72 h postexercise. Statistical time × condition interactions observed only for eccentric peak
torque (p = 0.008). Magnitude-based inference analyses revealed low-intensity stretching had most likely, very likely, or likely beneficial
effects on perceived muscle soreness (48–72 h and 0–72 h) and eccentric peak torque (baseline–24 h and baseline–72 h), compared with
high-intensity stretching. Compared with control, low-intensity stretching had very likely or likely beneficial effects on perceived muscle
soreness (0–24 h and 0–72 h), eccentric peak torque (baseline–48 h and baseline–72 h), and isometric peak torque (baseline–72 h).
High-intensitystretchinghad likelybeneficialeffectsoneccentricpeaktorque (baseline–48h),but likelyhadharmfuleffectsoneccentricpeak
torque (baseline–24 h) and creatine kinase (baseline–48 h and baseline–72 h), compared with control. Therefore, low-intensity stretching is
likely to result in small-to-moderate beneficial effects on perceived muscle soreness and recovery of muscle function post-unaccustomed
eccentric exercise, but not markers of muscle damage and inflammation, compared with high-intensity or no stretching.

Key words: DOMS, performance, muscle function.

Résumé : Dans cette étude, on examine les effets de l’intensité de l’étirement statique en mode passif sur la récupération consécutive
à un exercice pliométrique inhabituel des extenseurs du genou droit de 30 hommes actifs par loisir divisés de façon aléatoire en trois
groupes : intensité élevée (70–80 % du maximum d’étirement perçu), intensité faible (30–40 % du maximum d’étirement perçu) et
contrôle. Les deux groupes d’étirement effectuent à la suite d’un exercice pliométrique inhabituel 3 séries d’étirement statique passif
de 60 s chacune s’appliquant aux ischiojambiers, aux fléchisseurs de la hanche et au quadriceps, et ce, durant 3 jours consécutifs. On
évalue la fonction musculaire (moment de force de pointe en isométrie et en pliométrie) et les biomarqueurs sanguins (créatine kinase
et protéine C-réactive) avant (base) et après (24, 48 et 72 h) l’exercice pliométrique inhabituel. On évalue aussi le degré de douleur
musculaire perçue immédiatement après (temps 0) et 24, 48 puis 72 h postexercice. L’analyse statistique révèle une interaction
significative temps × condition du moment de force pliométrique de pointe (p = 0,008). L’analyse inférentielle de l’ampleur des
différences révèle que, comparativement à l’étirement d’intensité élevée, l’étirement de faible intensité influence fort probablement, très
probablement ou probablement de façon positive la douleur musculaire perçue (48–72 h et 0–72 h) et le moment de force pliométrique de
pointe (base-24 h, et base-72 h). Comparativement au groupe de contrôle, l’étirement de faible intensité a très probablement ou
probablement un effet positif sur la douleur musculaire perçue (0–24 h et 0–72 h), le moment de force pliométrique de pointe (base-48 h
et base-72 h) et le moment de force isométrique de pointe (base-72 h). L’étirement d’intensité élevée a probablement des effets bénéfiques sur
lemomentdeforcepliométriquedepointe (base-48h)maisaprobablementdeseffetsnuisiblessur lemomentdeforcepliométriquedepointe
(base-24 h) et la créatine kinase (base-48 h et base-72 h) comparativement au groupe de contrôle. En conséquence, l’étirement de faible
intensité suscite vraisemblablement des effets bénéfiques de faibles à modérés sur la douleur musculaire perçue et la récupération de la
fonction musculaire consécutive à un exercice pliométrique inhabituel, mais pas sur les biomarqueurs de l’inflammation et des lésions
musculaires comparativement à l’étirement d’intensité élevée ou à l’absence d’étirement. [Traduit par la Rédaction]

Mots-clés : DOMS, performance, fonction musculaire.
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Introduction
Delayed onset muscle soreness (DOMS) refers to the sensation of

muscular discomfort and pain in response to eccentric muscle
contractions, as well as to unaccustomed exercise, or high-
intensity exercise (Paschalis et al. 2007b; Kanda et al. 2013). The
intensity of discomfort associated with DOMS increases within
the first 24 h postexercise, peaking between 24 and 72 h, before
disappearing 5–7 days postexercise (Talag 1973; Armstrong 1984).
The perception of soreness is suggested to be due to the activation
of free nerve endings around muscle fibres serving as receptors
of noxious stimuli associated with muscle damage (Byrnes and
Clarkson 1986).

In athletic performance, DOMS may have negative conse-
quences, as the muscle soreness associated with DOMS may be
responsible for temporarily restricting an individual’s ability to
perform an activity (Vasudevan 1993). DOMS has been associated,
inter alia, with a loss of maximum voluntary force (Newham et al.
1983, 1987; Clarkson et al. 1992), changes in the muscle contractile
properties (Newham et al. 1983), increased protein levels related
to muscle damage (i.e., creatine kinase (CK)) (Newham et al. 1987;
Clarkson et al. 1992; Nosaka and Clarkson 1992; Peake et al.
2005a), and decreased running economy (Paschalis et al. 2005).
Since soreness associated with DOMS affects athletic perfor-
mance, a strategy introduced to diminish the severity of DOMS
sooner, may aid in the restoration of maximal function of muscle
(Cheung et al. 2003). For nonathletes, early alleviation from the
symptoms associated with DOMS postexercise may increase ad-
herence to regular exercise (Smith et al. 1994).

The proposed underlying mechanism for DOMS is acute inflam-
mation (Smith 1991), which may be influenced by the extent of,
and response to, the muscle damage (Tidball 2005). Therefore,
actions that alleviate the damage and/or hasten the recovery (i.e.,
diminish the magnitude of the inflammatory response) would
enhance recovery.

Muscular actions, such as unaccustomed eccentric muscle exer-
cise of sufficient intensity and duration, have been repeatedly
verified in human and animal studies as being responsible for the
disruption of contractile and/or connective tissue (Friden et al.
1983; Lieber and Friden 1993; Smith et al. 1994). DOMS activated in
response to tissue injury, may be a form of acute inflammation
and the sensation of soreness may represent inflammatory pain
(Smith 1991; Lieber and Friden 1993; MacIntyre et al. 1995). The
disruption of the muscle tissue is caused by an initial mechanical
and a secondary biochemical injury (Armstrong 1984; Faulkner
et al. 1993). The former is associated with a disorganization of the
myofibrillar material, in particular, a focal disruption of the sar-
comeres. Friden and Lieber (2001) suggest that the Z-disc is the
most vulnerable structure to unaccustomed eccentric exercise-
induced injury. The biochemical injury is characterized by a “local
reaction” at the site of the damage, and results in the accumula-
tion of neutrophils and macrophages, with the magnitude of the
response related to both the intensity and duration of the exercise
(Tiidus and Ianuzzo 1983; Castell et al. 1989; Robson et al. 1999;
Peake 2002; Peake et al. 2005a). Neutrophils appear within hours
after exercise and remain for up to 48 h in human skeletal muscle
(Frenette et al. 2000; Macintyre et al. 2000; Malm et al. 2000;
Stupka et al. 2001; Beaton et al. 2002b), while macrophages appear
at 24 h and remain present for up to 14 days (Malm et al. 2000;
Beaton et al. 2002a, 2002b; Peake et al. 2005a). The neutrophils and
macrophages release a number of pro-inflammatory cytokines
(Castell et al. 1989), including interleukin-1�, tumor necrosis
factor-�, and interleukin-6. Intrerleukin-6 is associated with an
increased expression of C-reactive protein (CRP) (Castell et al.
1988, 1989; Bauer et al. 1989; Kushner and Rzewnicki 1994). The
rate of the increase in CRP concentration can be as high as
1000-fold in response to muscle injury, and is used as a marker for
injury (Volanakis and Narkates 1981; Kushner 1982; Gotschlich

1989). Attempts have been made to identify a treatment for DOMS,
including the use of nonsteroidal anti-inflammatory drugs
(Janssen et al. 1983; Hasson et al. 1993; Hertel 1997), massage
(Weber et al. 1994; Lightfoot et al. 1997), cryotherapy (Gulick and
Kimura 1996), physical activity (Hasson et al. 1989), and stretching
(High et al. 1989; Wessel and Wan 1994; Lund et al. 1998; Johansson
et al. 1999).

Investigations on stretching as a treatment modality for DOMS
have focused on whether stretching can prevent or alleviate
DOMS (High et al. 1989; Wessel and Wan 1994; Lund et al. 1998;
Johansson et al. 1999). Studies investigating the effects of pre-
exercise static stretching on DOMS found no preventative effect
on muscular soreness, tenderness, and force loss following unac-
customed eccentric exercise (High et al. 1989; Johansson et al.
1999). In addition, Lund et al. (1998) reported that passive static
stretching following eccentric exercise had no significant effect
on DOMS, CK, or dynamic muscle strength. Similarly, a systematic
review, based on eligible randomized controlled trials, concluded
that regardless of when stretching is performed, there were no
clinically important reductions in DOMS (Herbert et al. 2011).
However, none of these studies considered the effect of stretching
intensity.

Therefore, the objective of the present study was to investigate
the effects of low- and high-intensity passive static stretching
compared with no stretching (control). The primary aim was to
investigate the effects on perceived muscle soreness associated
with unaccustomed eccentric exercise of the right knee extensors.
Our secondary aim was to examine the effects on muscle function
(eccentric and isometric peak torque) and blood biomarkers
(CK and high-sensitivity CRP (hsCRP)). We hypothesized that low-
intensity passive static stretching rendered over 3 consecutive
days would lower perceived muscle soreness and blood biomarker
concentrations and improve muscle function compared with high-
intensity passive static stretching and no stretching.

Materials and methods

Participants
Institutional ethical approval was granted by the University of

Wolverhampton. Thirty recreationally active males (age: 25 ±
6 years, mass: 83.1 ± 10.7 kg, height: 1.78 ± 0.68 m) were recruited.
All participants were actively involved in resistance training on a
regular basis, and were familiar with the concept of performing
maximal contractions. Each participant read and signed the in-
formed consent form, answered a physical activity readiness ques-
tionnaire (PARQ), and completed a blood analysis screening form
prior to the investigation, looking for factors that may influence
the investigation (e.g., alcohol, coffee, medication, smoking, ac-
tivity levels). Additional exclusion criteria included any form of
physical limitations regarding hips, knees, and ankles. Following
the unaccustomed eccentric exercise, participants were advised to
refrain from any physical activity; not consume alcohol, coffee, or
medication; abstain from smoking; and ensure that they get a
good night’s sleep for the duration of the study.

Experimental design and procedures
The 30 participants were randomly allocated, using an online

randomization program (www.graphpad.com), into 1 of 3 groups:
(i) low-intensity passive static stretching (30%–40% of maximum
perceived stretch), (ii) high-intensity passive static stretching
(70%–80% of maximum perceived stretch), or (iii) no stretching
(control),comprising 10 participants per group. There were no
withdrawals from the investigation.

The working definition of a “maximum perceived stretch” for
this study refers to the individual’s perception associated with
pain and discomfort during passive static stretching. To measure
maximum perceived passive static stretching, a numerical rating
scale was referenced, with an anchor at zero (i.e., no pain) and
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ranging to 10 (extreme pain). “Maximum perceived” passive
static stretching was equivalent to a value of 10 on this scale. On
arrival, participants’ anthropometric measurements (mass (kg)
and height (m)) were taken. Figure 1 highlights the experimen-
tal process

Pre-unaccustomed eccentric exercise assessment
All participants were assessed at baseline (time 0), and at 24, 48,

and 72 h pre-unaccustomed eccentric exercise, for eccentric and
isometric peak torque of the right knee extensors on a KinCom
isokinetic dynamometer (KinCom, www.kincom.com, East Ridge,
Tenn., USA). Muscle soreness/DOMS were assessed immediately
following the unaccustomed eccentric exercise, and again at 24,
48, and 72 h postexercise, prior to each eccentric and isometric
peak torque test.

Alignment of the rotational axis of the dynamometer and the
right knee joint rotational axis (lateral femoral epicondyle) was
set for each participant, with the ankle cuff being attached prox-
imal to the lateral malleolus. In addition, each participant’s upper
body and left quadriceps was securely fastened before assessment.
Familiarization consisted of 5 submaximal repetitions for each
condition, with participants requested to apply 50% of maximal
effort. This was immediately followed by a 1-min rest prior to the
maximal effort for both eccentric and isometric peak torque. Ec-
centric peak torque was measured at 1.05 rad/s (i.e., 60° per sec-
ond), with the leg being moved through a range of motion starting
at 20° and progressing to 100° of knee flexion. Isometric peak
torque of the right knee flexion muscles was measured with the
participant’s knee being held at 60° of knee flexion. To ensure
standardization for the procedure for each participant, the force
output was closely monitored on the KinCom display by an assis-
tant. During the 3 maximal efforts, verbal encouragement was
provided to each participant by the assistant, not part of the
study, to eliminate bias, with the highest value being recorded
(often the third attempt).

Eccentric exercise protocol
Following a 5-min rest period after the assessment for both

eccentric and isometric peak torque, participants were familiar-
ized and exposed to the eccentric exercise protocol for the right
knee extensors. This protocol consisted of 6 sets of 10 eccentric
repetitions through a range of motion from 20° to 100° of knee
flexion at a speed of 1.05 rad/s, with a 2-min rest between sets, as
previously described (Paschalis et al. 2007a). The familiarization
process consisted of a single set of 10 submaximal repetitions
using an identical setup as that for the unaccustomed eccentric
exercise protocol. After a 1-min rest, participants began the eccen-
tric exercise protocol. To ensure standardization for the proce-
dure for each participant of each group, the force output was
closely monitored on the KinCom display by an assistant. Verbal
encouragement was provided to each participant by the assistant
not associated with the study to minimize bias.

Upon completion, participants were asked to rate their per-
ceived muscle soreness on a numerical rating scale anchored at
zero (i.e., no soreness) to 10 (i.e., extremely sore), by palpating the
distal region of the relaxed right knee extensors while seated.
Participants returned to the laboratory at 24, 48, and 72 h follow-
ing the unaccustomed eccentric exercise for both the eccentric
and isometric peak torque tests, and the recording of their per-
ceived muscle soreness levels prior to the muscle function tests
for both eccentric and isometric peak torque.

Stretching exercise protocol
Following the unaccustomed eccentric exercise protocol, par-

ticipants in both the low-intensity and high-intensity stretching
groups performed an identical passive static stretching protocol
bilaterally, for the hamstrings, hip flexors, and quadriceps muscle
groups (in that order) for 3 consecutive nights prior to sleep
(Fig. 2). Although only the knee extensor muscle group was ex-
posed to the unaccustomed eccentric exercise, this group has an
antagonistic relationship to the hamstring muscle group, with
both groups being influenced by the amount of hip flexion
(Worrell et al. 1989).

Fig. 1. Methodology schematic of experimental process.
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During their first day at the laboratory, each participant was
given one-on-one instruction on the proper form and execution of
the 3 passive static stretching exercises to be performed at home
before sleep, by a trained therapist, for 3 consecutive days. Using
a numerical rating scale (anchored at 0 – no pain, to 10 – extreme
pain), participants for both stretching groups performed a maxi-
mum stretch to the point of extreme pain. Based on this perceived
sensation, and scores on the numerical rating scale, the low-
intensity stretching group was taught to maintain an intensity
level of 3–4 out of 10 (i.e., a warm gentle feeling), with the high-
intensity stretching group maintaining an intensity level of a 7–
8 out of 10 (i.e., discomfort/slight pain). To reinforce the instructions
given, a booklet with how to perform the exercises was provided.
In addition, during the subsequent visits to the laboratory for the
eccentric and isometric peak torque tests at 24 and 48 h, partici-
pants were questioned about their respective stretching protocol
by the therapist, particularly if they had been able to maintain the
required stretching intensity level assigned to them.

Each stretch was supported with the use of a bench or pillow,
allowing for better isolation and targeting of the muscle group of
interest. Supporting the muscle minimizes muscular contraction
from occurring during the stretch (Abdel-aziem et al. 2013). The
duration of each passive static stretch was 60 s, and each was
performed 3 times per muscle group per side (i.e., a total of 6 min
per stretch), and the complete stretching routine lasted approxi-
mately 18 min.

Statistical analyses
To correct violations of the assumption of normality detected

via Shapiro–Wilk tests, CK and hsCRP were log transformed using
natural logs (LN). We employed a Greenhouse–Geisser correction
to produce the F ratio for perceived muscle soreness, hsCRP, and

isometric peak torque due to significant Mauchly’s Test of Sphe-
ricity. All other assumptions of mixed ANOVA were met (i.e., no
significant outliers and nonsignificant Levene’s tests for homoge-
neity of variances).

A 2-way ANOVA with repeated measures for time (0, 24, 48, and
72 h) and condition (low- and high-intensity stretching, and con-
trol) was performed on the variables for muscle function (eccen-
tric and isometric peak torque) and perceived muscle soreness.
Post hoc t tests with Bonferroni adjustment for multiple compar-
isons were performed when significant main effects of time were
detected. The level of statistical significance was set at p < 0.05. All
statistical analyses were performed via IBM SPSS software (version
20.0; IBM Corp., Armonk, N.Y., USA).

To detect small effects of practical performance, the data for the
3 conditions were analyzed using a contemporary magnitude-based
inference approach (Hopkins 2007). Each outcome was analysed
via a spreadsheet (Hopkins 2006) that used log transformation
to estimate the effect of the conditions (low-intensity passive
static stretching vs. high-intensity passive static stretching, low-
intensity passive static stretching vs. control, and high-intensity
passive static stretching vs. control) across each 24-h period (be-
fore, or immediately after, unaccustomed eccentric exercise (for
perceived muscle soreness to 24 h, 24 h to 48 h, and 48 h to 72 h))
as the difference in the mean percentage change, as well as in
Cohen d units. The thresholds for small, moderate, large, and very
large effects (Cohen d) were 0.2, 0.6, 1.2, and 2.0 (Batterham and
Hopkins 2005). To estimate the chances that the stretching inter-
ventions had a beneficial, trivial or harmful effect, a Cohen unit of 0.2
was employed as the smallest meaningful effect on the dependent
variables. Where the chance of benefit and harm are both >5%,
the effect was deemed unclear. Qualitative descriptors were then
assigned to quantitative percentile scores as follows: 25%–75%
possible, 75%–95% likely, and >99% most likely (Hopkins 2002, 2006;
Batterham and Hopkins 2005). For comparisons that were not
unclear, we reported the effect (i.e., beneficial, trivial, or harmful)
with the highest percentage. For each analysis the effect was ad-
justed for the outcome’s baseline grand mean.

Results

Perceived muscle soreness
No statistical difference was detected for a time × condition

interaction (p = 0.573). However, a statistically significant main
effect of time on perceived muscle soreness values after an unac-
customed eccentric exercise bout was observed (p < 0.001), sug-
gesting a reduction in perceived muscle soreness values over time
regardless of condition (Table 1, Fig. 3).

Magnitude-based inference approach

Low-intensity passive static stretching versus high-intensity passive static
stretching

The results of the magnitude-based inference analysis are pre-
sented in Tables 2–4. Assuming that a small effect is meaningful
(i.e., Cohen’s d = 0.2), low-intensity passive static stretching re-
sulted in a likely small beneficial reduction in perceived muscle
soreness immediately following unaccustomed eccentric exercise
(time 0) to 24 h, an unclear effect between 24–48 h, and a likely
moderate beneficial reduction in muscle soreness compared with
high-intensity passive static stretching between 48–72 h. How-
ever, low- versus high-intensity passive static stretching most likely
had a large beneficial effect on perceived muscle soreness when
time 0 was compared with 72 h (see Table 2).

Low-intensity passive static stretching versus control
Low-intensity passive static stretching resulted in likely small

and very likely large beneficial decrease in perceived muscle sore-
ness from immediately post-unaccustomed eccentric exercise to
24 h and 72 h after, respectively. The effects of low-intensity pas-

Fig. 2. Passive static stretching exercises.
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sive static stretching compared with control at subsequent time-
points were unclear (see Table 3).

High-intensity passive static stretching versus control
The effect of high-intensity passive static stretching versus con-

trol on perceived muscle soreness was unclear between all assess-
ment timepoints (see Table 4).

Eccentric peak torque
A statistically significant main effect for time on eccentric peak

torque scores (p < 0.001) was observed, indicating that scores differ
across timepoints. The time × condition interaction effect was
significant (p = 0.008), indicating that eccentric peak torque scores
differed across assessment timepoints for the 3 conditions.
Simple main effects analysis revealed that all 3 conditions statis-
tically changed over time (high-intensity, p = 0.001; low-intensity,
p = 0.024; control, p = 0.014), whereas statistically significant
between-group differences were observed at 48 h (p = .017) and
72 h (p = 0.019), but not at baseline (p = 0.399) or 24 h (p = 0.061). As
shown in Fig. 4, eccentric peak torque decreased from baseline to
24 h posteccentric exercise in all groups, but over the subsequent
48-h period, only the low-intensity passive static stretching group
increased consistently (Table 1, Fig. 4).

Magnitude-based inference approach

Low-intensity passive static stretching versus high-intensity passive static
stretching

Compared with high-intensity passive static stretching, low-
intensity passive static stretching had a very likely moderate bene-
ficial effect on eccentric peak torque from baseline to 24 h and
72 h following an unaccustomed eccentric exercise. The effect
from baseline to 48 h was possibly small beneficial effect (see Table 2).

Low-intensity passive static stretching versus control
Compared with the control condition, low-intensity passive

static stretching had a very likely moderate and likely small benefi-
cial effect on eccentric peak torque from baseline to 48 h and 72 h,
respectively. The effect from baseline to 24 h was unclear (see
Table 3).

High-intensity passive static stretching versus control
From baseline to 24 h post-unaccustomed eccentric exercise,

high-intensity passive static stretching had a likely small harmful
effect on eccentric peak torque, but a likely moderate beneficial
effect from baseline to 48 h, compared with control. The effect
from baseline to 72 h was unclear (see Table 4).T
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Isometric peak torque
Although no significant difference was observed between

time × condition interaction (p = 0.185) (Table 2), a significant main
effect of time (p < 0.001) was observed. Post hoc tests showed that
values were lower at 24 h compared with baseline (p < 0.001),
higher at 48 h compared with 24 h (p = 0.036), and at 72 h
compared with both 24 h (p < 0.001) and 48 h (p = 0.014) (Table 1,
Fig. 5).

Magnitude-based inference approach

Low-intensity passive static stretching versus high-intensity passive static
stretching

The effect of low-intensity passive static stretching compared
with high-intensity passive static stretching was trivial from base-
line to 24 h, possibly small (beneficial) from baseline to 48 h, and
unclear from baseline to 72 h post-unaccustomed eccentric exer-
cise (see Table 2).

Low-intensity passive static stretching versus control
Compared with control, low-intensity passive static stretching

resulted in possibly and likely small beneficial effects on isometric
peak torque from baseline to 48 h and 72 h, respectively. From
baseline to 24 h the effects were unclear (see Table 3).

High-intensity passive static stretching versus control
The effects of high-intensity passive static stretching compared

with control were unclear for comparisons between each time-
point compared with baseline (see Table 4).

CK
A statistically significant main effect was found for time on the

CK (LN transformed) values (p < 0.001). Post hoc tests revealed
statistically lower CK values at baseline compared with 24 h
(p < 0.001) and 48 h (p = 0.010), and statistically higher at 24 h
compared with 48 and 72 h (p = 0.049 and 0.003), respectively.
There was no statistically significant interaction effect between
time and condition (p = 0.148) (Table 5, Fig. 6).

Table 2. Changes in perceived muscle soreness, creatine kinase, high-sensitivity C-reactive protein (hsCRP), eccentric peak torque, and isometric
peak torque in the low-intensity passive static stretching (LIS) group versus high-intensity passive static stretching (HIS) group (n = 10 per group).

Outcomes Time
LIS % change,
MD±SD

HIS % change,
MD±SD

LIS vs HIS % change,
MD [90% CI]

LIS vs HIS effects,
d [90% CI] Qualitative inference

Perceived muscle soreness 0–24 h* −18.3±30.1 −6.7±37.7 −12.4 [−30.4 to 10.2] −0.27 [−0.74 to 0.20] Possibly beneficial (60%)
24–48 h −44.3±63.6 −32.8±60.3 −17.2 [−43.2 to 20.8] −0.39 [−1.15 to 0.39] Unclear
48–72 h −56.7±73.0 −37.1±46.4 −31.1 [−52.5 to −0.1] −0.76 [−1.52 to 0.00] Likely beneficial (89%)
0–72 h −80.3±35.6 −60.6±60.7 −50.0 [−63.6 to −31.5] −1.41 [−2.06 to −0.77] Most likely beneficial (100%)

Eccentric peak torque (Nm) Pre-24 h −7.1±12.4 −23.5±20.3 21.5 [7.0 to 37.8] 0.71 [0.25 to 1.16] Very likely beneficial (96%)
Pre-48 h 1.4±12.4 −6.1±17.7 8.0 [−3.7 to 21.2] 0.28 [−0.14 to 0.70] Possibly beneficial (63%)
Pre-72 h 7.7±10.0 −12.8±15.4 23.4 [11.8 to 36.3] 0.76 [0.40 to 1.12] Very likely beneficial (99%)

Isometric peak torque (Nm) Pre-24 h −7.1±8.0 −10.4±13.4 3.6 [−5.0 to 13.0] 0.14 [−0.20 to 0.48] Possibly trivial (57%)
Pre-48 h 0.4±13.6 −5.2±15.1 5.9 [−5.2 to 18.3] 0.23 [−0.21 to 0.66] Possibly beneficial (54%)
Pre-72 h 7.0±10.4 −17.5±145.1 29.8 [−25.8 to 127.2] 1.03 [−1.18 to 3.24] Unclear

Creatine kinase (U/L) Pre-24 h 68.0±155.2 54.9±77.5 8.4 [−42.5 to 104.3] 0.10 [−0.71 to 0.92] Unclear
Pre-48 h 50.3±57.1 54.5±89.9 −2.7 [−38.2 to 53.2] −0.04 [−0.62 to 0.55] Unclear
Pre-72 h 13.8±33.2 39.3±54.1 −18.3 [−39.6 to 10.6] −0.26 [−0.65 to 0.13] Possibly beneficial (61%)

hsCRP (mg/L) Pre-24 h 15.6±42.7 −18.5±29.6 41.7 [10.9 to 81.3] 0.35 [0.10 to 0.60] Likely harmful (85%)
Pre-48 h −9.0±55.7 −25.6±110.5 22.3 [−24.7 to 98.6] 0.20 [−0.29 to 0.69] Unclear
Pre-72 h −25.7±55.3 −24.5±65.5 −1.6 [−32.1 to 42.6] −0.02 [−0.39 to 0.36] Unclear

Note: Analyses were adjusted to baseline grand means for each outcome. 90% CI, 90% confidence interval; d, Cohen’s d effect size; MD, mean difference; SD, standard
deviation (presented as a coefficient of variation %).

*0–24 h = pre-unaccustomed eccentric exercise to 24 h post-unaccustomed eccentric exercise.

Table 3. Changes in perceived muscle soreness, creatine kinase, high-sensitivity C-reactive protein (hsCRP), eccentric peak torque, and isometric
peak torque in the low-intensity passive static stretching (LIS) group versus control (CON) group (n = 10 per group).

Outcomes Time
LIS % change,
MD±SD

CON % change,
MD±SD

LIS vs CON % change,
MD [90% CI]

LIS vs CON effects,
d [90% CI] Qualitative inference

Perceived muscle soreness 0–24 h* −18.3±30.1 −4.5±32.7 −14.4 [−30.9 to 6.0] −0.46 [−1.10 to 0.17] Likely beneficial (76%)
24–48 h −44.0±63.6 −28.9±37.4 −21.3 [−43.3 to 9.3] −0.71 [−1.69 to 0.26] Unclear
48–72 h −56.7±73.0 −51.1±74.9 −11.5 [−42.7 to 36.6] −0.36 [−1.65 to 0.93] Unclear
0–72 h −80.2±35.6 −66.8±88.4 −40.4 [−60.0 to −11.1] −1.54 [−2.73 to −0.35] Very likely beneficial (97%)

Eccentric peak torque (Nm) Pre-24 h −7.0±12.4 −9.1±12.4 2.3 [−7.0 to 12.6] 0.09 [−0.27 to 0.44] Unclear
Pre-48 h 1.6±12.4 −17.4±17.6 23.0 [9.5 to 38.2] 0.77 [0.34 to 1.20] Very likely beneficial (98%)
Pre-72 h 7.8±10.0 −6.9±15.6 15.8 [4.6 to 28.2] 0.54 [0.17 to 0.92] Likely beneficial (93%)

Isometric peak torque (Nm) Pre-24 h −7.1±8.0 −11.8±20.7 5.5 [−6.4 to 18.9] 0.19 [−0.24 to 0.62] Unclear
Pre-48 h 0.3±13.6 −9.8±24.1 11.2 [−3.7 to 28.4] 0.38 [−0.14 to 0.91] Possibly beneficial (73%)
Pre-72 h 7.1±10.4 −8.4±26.1 16.8 [0.7 to 35.4] 0.56 [0.03 to 1.10] Likely beneficial (88%)

Creatine kinase (U/L) Pre-24 h 59.6±155.2 31.8±20.4 21.1 [−31.2 to 112.9] 0.26 [−0.51 to 1.02] Unclear
Pre-48 h 45.3±57.1 14.6±38.1 26.8 [−7.1 to 73.2] 0.32 [−0.10 to 0.74] Possible harmful (69%)
Pre-72 h 10.6±33.2 9.1±24.8 1.4 [−17.2 to 24.2] 0.02 [−0.26 to 0.29] Unclear

hsCRP (mg/L) Pre-24 h 16.3±42.7 8.2±59.4 7.5 [−22.5 to 49.1] 0.07 [−0.23 to 0.37] Unclear
Pre-48 h −8.8±55.7 −15.8±71.6 8.4 [−26.5 to 59.7] 0.07 [−0.28 to 0.43] Unclear
Pre-72 h −25.5±55.3 −28.4±76.3 4.1 [−30.1 to 55.1] 0.04 [−0.33 to 0.40] Unclear

Note: Analyses were adjusted to baseline grand means for each outcome. 90% CI, 90% confidence interval; d, Cohen’s d effect size; MD, mean difference; SD, standard
deviation (presented as a coefficient of variation %).

*0–24 h = pre-unaccustomed eccentric exercise to 24 h post-unaccustomed eccentric exercise.
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Magnitude-based inference approach

Low-intensity passive static stretching versus high-intensity passive static
stretching

Compared with high-intensity passive static stretching and con-
trol, low-intensity passive static stretching possibly resulted in a
small beneficial decrease in CK concentrations from baseline to
72 h post-unaccustomed eccentric exercise. The effects were un-
clear between the other timepoints (see Table 2).

Low-intensity passive static stretching versus control
Low-intensity passive static stretching, compared with control,

possibly resulted in a harmful small increase in CK concentration
from baseline to 48 h after unaccustomed eccentric exercise. Ef-
fects between all other timepoints were unclear (see Table 3).

High-intensity passive static stretching versus control
High-intensity passive static stretching likely resulted in small

harmful increases in CK from baseline to 48 and 72 h post-
unaccustomed eccentric exercise, compared with control. The ef-
fect from baseline to 24 h was unclear (see Table 4).

hsCRP
There was a statistically significant main effect of time on

hsCRP (LN transformed) concentrations, (p = 0.012). Bonferroni

corrected post hoc tests showed that the hsCRP values were sta-
tistically higher at 24 h versus 72 h (p = 0.012). However, there was
no statistically significant time by condition interaction (p = 0.588)
(Table 5, Fig. 7).

Magnitude-based inference approach

Low-intensity passive static stretching versus high-intensity passive static
stretching

The magnitude-based inference approach indicated a likely small
harmful effect of low-intensity passive static stretching on hsCRP
concentrations assessed from baseline to 24 h after eccentric exer-
cise, when compared with high-intensity passive static stretching.
Comparisons at the other timepoints were unclear (see Table 2).

Low-intensity passive static stretching versus control
The effect of low-intensity passive static stretching compared

with control on hsCRP was unclear for all assessment timepoint
comparisons (see Table 3).

High-intensity stretching versus control
High-intensity stretching compared with control had possibly a

small harmful effect on hsCRP from baseline to 72 h after unac-
customed eccentric exercise. The effect of high-intensity passive
static stretching at the other timepoints was unclear (see Table 4).

Table 4. Changes in perceived muscle soreness, creatine kinase, high sensitivity C-reactive protein (hsCRP), eccentric peak torque, and isometric
peak torque in the high-intensity passive static stretching (HIS) group versus control (CON) group (n = 10 per group).

Outcome Time
HIS % change,
MD±SD

CON % change,
MD±SD

HIS vs CON % change,
MD [90% CI]

HIS vs CON effects,
d [90% CI] Qualitative inference

Perceived muscle soreness 0–24 h* −6.6±37.7 −4.4±32.7 −2.3 [−22.9 to 23.9] −0.04 [−0.51 to 0.42] Unclear
24–48 h −32.6±60.3 −28.9±37.4 −5.3 [−31.0 to 30.0] −0.11 [−0.73 to 0.51] Unclear
48–72 h −36.9±46.4 −51.1±74.9 29.0 [−11.5 to 88.1] 0.50 [−0.24 to 1.24] Unclear
0–72 h −60.3±60.7 −66.7±88.4 19.4 [−23.2 to 85.6] 0.35 [−0.52 to 1.21] Unclear

Eccentric peak torque (Nm) Pre-24 h −18.8±20.3 −9.1±12.4 −10.6 [−20.9 to 1.1] −0.46 [−0.97 to 0.04] Likely harmful (81%)
Pre-48 h −3.5±17.7 −16.9±17.6 16.2 [2.3 to 31.9] 0.62 [0.09 to 1.14] Likely beneficial (91%)
Pre-72 h −7.7±15.4 −8.7±15.6 1.0 [−9.8 to 13.1] 0.04 [−0.42 to 0.51] Unclear

Isometric peak torque (Nm) Pre-24 h −10.3±13.4 −11.7±20.7 1.6 [−10.5 to 15.3] 0.06 [−0.40 to 0.51] Unclear
Pre-48 h −5.9±15.1 −9.4±24.1 3.8 [−10.2 to 19.9] 0.13 [−0.38 to 0.65] Unclear
Pre-72 h −21.8±145.1 −8.2±26.1 −14.8 [−50.2 to 45.7] −0.58 [−2.51 to 1.35] Unclear

Creatine kinase (U/L) Pre-24 h 62.8±77.5 36.6±20.4 19.2 [−16.4 to 70.0] 0.27 [−0.28 to 0.82] Unclear
Pre-48 h 57.2±89.9 14.4±38.1 37.5 [−9.1 to 107.9] 0.49 [−0.15 to 1.13] Likely harmful (79%)
Pre-72 h 42.2±54.1 11.9±24.8 27.0 [−4.0 to 68.1] 0.37 [−0.06 to 0.80] Likely harmful (75%)

hsCRP (mg/L) Pre-24 h −17.6±29.7 −7.6±59.4 −23.4 [−43.4 to 3.6] −0.33 [−0.70 to 0.04] Possibly beneficial (72%)
Pre-48 h −24.4±110.5 −16.6±71.6 −9.3 [−45.7 to 51.6] −0.12 [−0.75 to 0.51] Unclear
Pre-72 h −22.9±65.5 −29.3±76.3 9.1 [−28.5 to 66.3] 0.11 [−0.41 to 0.63] Unclear

Note: Analyses were adjusted to baseline grand means for each outcome. 90% CI, 90% confidence interval; d, Cohen’s d effect size; MD, mean difference; SD, standard
deviation (presented as a coefficient of variation %).

*0–24 h = pre-unaccustomed eccentric exercise to 24 h post-unaccustomed eccentric exercise.

Fig. 4. Eccentric peak torque (raw). HIS, high-intensity passive static
stretching; LIS, low-intensity passive static stretching.

Fig. 5. Isometric peak torque (raw). HIS, high-intensity passive static
stretching; LIS, low-intensity passive static stretching.
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Discussion
To our knowledge this is the first study that investigated in a

randomised design the effects of different passive static stretch-
ing intensities following an unaccustomed eccentric exercise on
perceived muscle soreness, muscular function, and biomarkers
related to muscle damage and inflammation. Our results suggest
that low-intensity passive static stretching may lower perceived
muscle soreness and improve eccentric peak torque recovery to
a greater extent compared with high-intensity passive static
stretching and control at 72 h post-unaccustomed eccentric exer-
cise. The remaining results, including our biomarkers and the
comparisons between control and high-intensity passive static
stretching conditions, revealed mainly small, trivial, or unclear
effects, and thus, their interpretation should be treated with caution.

Studies on stretching and DOMS following unaccustomed ec-
centric exercise have investigated the timing of stretching (i.e.,
before, after, or before and after exercise), and whether stretching
produces reductions in muscle soreness (High et al. 1989; Wessel
and Wan 1994; Gulick et al. 1996; Lund et al. 1998; Johansson et al.
1999; Herbert et al. 2011). To our knowledge, only Smith et al.
(1993) investigated the effects of stretching on the induction of
DOMS. They evaluated a bout of static versus ballistic stretching of
similar intensity and duration on the induction of DOMS over a
5-day period. Their study revealed that static stretching was re-
sponsible for inducing significantly more DOMS than ballistic
stretching. Our study adds to the body of knowledge in this field,
suggesting that low-intensity passive static stretching (30%–40% of
maximum) is at least very likely effective compared with the other
2 conditions in reducing perceived muscle soreness over 72 h,
possibly due to the difference in the magnitude of the stretch
between the conditions. In line with our observations, Behm and
Kibele (2007) suggest that stretches to a maximal point of discom-
fort, as well as submaximal stretching greater than 50% of point of
discomfort, are responsible for muscle damage, which is similar
to the effects seen with the eccentric-induced damage associated
with DOMS. Another potential reason for these likely beneficial
effects of low-intensity passive static stretching is the time that
the stretching was held (i.e., 60 s). Our findings are in line with a
study of individuals aged 65 years or greater, where low-intensity
stretching held for 60 s was found to be more effective for increas-
ing knee extension range of motion (ROM) compared with 30 s,
15 s, or control (Feland et al. 2001). In addition, a clear dose–
response effect for stretch duration has been reported, suggesting
that stretches held greater than 60 s are more likely to impair
performance (Kay and Blazevich 2012). Therefore, despite the dif-
ferent participant samples utilized in these investigations and our
study, taken collectively these observations may suggest that the
time passive static stretching is held may have implications on
perceived muscle soreness. Further research is required to elucidate
these phenomena.

With regard to muscle function, several studies and systematic
reviews have reported that stretching can induce a decrease in
strength or power output for isolated muscle groups following an
unaccustomed eccentric exercise (Kokkonen et al. 1998; Behm
et al. 2001, 2016; Church et al. 2001; Nelson and Kokkonen 2001;
Young and Elliott 2001; Cramer et al. 2004, 2005; Power et al. 2004;
Marek et al. 2005; Behm and Chaouachi 2011; Kay and Blazevich
2012). For instance, a systematic review highlighted a clear dose–
response effect for stretch duration, with longer held acute static
stretches (≥60 s) being more likely to elicit performance impair-
ments compared with shorter duration stretching (<60 s) (Kay and
Blazevich 2012). In line with this, a recent study by Behm et al.
(2016) revealed that longer stretch durations may elicit perfor-
mance impairments, which may have implications for athletic
and clinical performance. Whereas some studies tested partici-
pants immediately after stretching (Kokkonen et al. 1998; Cramer
et al. 2005; Marek et al. 2005), Haddad et al. (2014) retested explo-
sive performance (long jump) and repeated sprint ability at 24 h
poststretching, and concluded that static stretching continued to
have a negative effect on performance. However, it is noteworthy
that the available studies do not take into account the intensity
of the stretching exercises. To investigate the potential role of

Table 5. Soreness, creatine kinase and high-sensitivity C-reactive protein over 72 h post-unaccustomed eccentric exercise protocol (values are
means ± SD; n = 10 per group).

Condition

Creatine kinase (U/L) High-sensitivity C-reactive protein (mg/L)

0 h 24 h 48 h 72 h 0 h 24 h 48 h 72 h

Low-intensity passive static stretching 316.5±271.4 613.5±442.9 440.5±311.8 324.5±198.9 1.73±1.66 1.93±2.08 1.63±1.74 1.32±1.57
High-intensity passive static stretching 239.4±183.6 378.43±243.1 408.3±391.16 336.3±277.7 1.78±1.35 1.34±0.77 1.37±1.04 1.68±1.19
Control 297.9±187.1 380.9±215.6 362.5±311.6 320.6±208.3 1.58±1.29 1.60±1.29 1.23±0.90 1.02±0.77

Fig. 6. Creatine kinase (LN transformed). EE, eccentric exercise; HIS,
high-intensity passive static stretching; LIS, low-intensity passive
static stretching; LN, natural log.

Fig. 7. hsCRP (LN transformed). EE, eccentric exercise; HIS, high-
intensity passive static stretching; hsCRP, high-sensitivity C-reactive
protein; LIS, low-intensity passive static stretching; LN, natural log.
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stretching intensity, Behm and Kibele (2007) observed that to
achieve maximum jump height, athletes should perform static
stretching of an intensity less than 50% of point of discomfort
prior to performance. In line with this finding, our data show that
low-intensity passive static stretching resulted in small to moder-
ate beneficial effects on eccentric peak torque compared with
both high-intensity passive static stretching and control. Our find-
ings for isometric peak torque were less consistent, with low-
intensity passive static stretching resulting in beneficial effects
over control (baseline–72 h) but not high-intensity passive static
stretching. However, the observed improvements in eccentric
peak torque over the 3 consecutive days with low-intensity passive
static stretching suggest an increased level of recovery, given that
a decrease in maximal muscle torque is considered to be the best
index of muscle damage (Paschalis et al. 2007b).

With regard to our biomarker data, CK is a biomarker associ-
ated with damage to skeletal muscle cell structure and can be
altered via different exercise modalities (Brancaccio et al. 2007).
Given the observation that CK was overall increased at 24 h and
48 h post-unaccustomed eccentric exercise, our results are in line
with this notion. However, based on the overall small, trivial, or
unclear effects observed, we suggest these observations need fur-
ther investigation in appropriately designed trials. For our inflam-
matory biomarker, hsCRP, it is known that the extent of the
inflammatory response can depend on the muscle groups used,
the amount of muscle mass recruited during eccentric exercise
(Peake et al. 2005b), and the exercise modality (Weight et al. 1991;
Akimoto et al. 2002). Our data confirm these observations as
hsCRP was statistically higher after 24 h of unaccustomed eccen-
tric exercise compared with other timepoints. However, similar to
CK, the magnitude of the effects of low-intensity passive static
stretching on CRP was mainly unclear when compared with other
conditions and timepoints, thus there appeared to be no advan-
tage for either stretching intensity versus control.

Despite the strengths of this study (e.g., randomisation, the
quantification of the stretching intensity, and removing body po-
sition as a potential influence on the intensity of the stretch
(Apostolopoulos et al. 2015)), this study has limitations. These lim-
itations include the potential lack of sufficient statistical power to
detect differences between conditions for outcomes, the absence
of data from the isokinetic dynamometry for the quantification of
the unaccustomed eccentric exercise through a reduction in force
output from the first to the sixth set, the unsupervised nature of
the passive static stretching interventions, and the lack of blind-
ing of the assessor to the study’s assessments.

Conclusion
Compared with high-intensity passive static stretching and no

stretching, low-intensity passive static stretching results in small-
to-moderate beneficial effects on perceived muscle soreness and
recovery of muscle function post-unaccustomed eccentric exer-
cise. Since soreness associated with DOMS affects athletic perfor-
mance, a decrease in perceived muscle soreness may aid in the
restoration of maximal muscle function, and an increased adher-
ence to regular exercise with nonathletes. Future studies should
employ larger populations, use supervised stretching, and assess both
indirect measures (eccentric and isometric peak torque, CK, hsCRP,
inflammatory cytokines, and subjective soreness responses) and di-
rect measures, such as examination of muscle samples, to determine
muscle damage following unaccustomed eccentric exercise.
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