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Abstract

Objectives: The effect of stretching on joint range of
motion is well documented, and although sensory
perception has significance for changes in the tolerance to
stretch following stretching the underlining mechanisms
responsible for these changes is insufficiently understood.
The aim of this study was to examine the influence of
endogenous pain inhibitory mechanisms on stretch toler-
ance and to investigate the relationship between range of
motion and changes in pain sensitivity.
Methods: Nineteen healthy males participated in this
randomized, repeated-measures crossover study, con-
ducted on 2 separate days. Knee extension range ofmotion,
passive resistive torque, and pressure pain thresholds
were recorded before, after, and 10 min after each of
four experimental conditions; (i) Exercise-induced hypo-
algesia, (ii) two bouts of static stretching, (iii) resting, and
(iv) a remote, painful stimulus induced by the cold pressor
test.
Results: Exercise-induced hypoalgesia and cold pressor
test caused an increase in range of motion (p<0.034) and
pressure pain thresholds (p<0.027). Moderate correlations
in pressure pain thresholds were found between exercise-
induced hypoalgesia and static stretch (Rho>0.507,
p=0.01) and exercise-induced hypoalgesia and the cold
pressor test (Rho=0.562, p=0.01). A weak correlation in
pressure pain thresholds and changes in range of motion
were found following the cold pressor test (Rho=0.460,
p=0.047). However, a potential carryover hypoalgesic
effect may have affected the results of the static stretch.

Conclusions: These results suggest that stretch tolerance
may be linked with endogenous modulation of pain.
Present results suggest, that stretch tolerance may merely
be a marker for pain sensitivity which may have clinical
significance given that stretching is often prescribed in the
rehabilitation of different musculoskeletal pain conditions
where reduced endogenous pain inhibition is frequently
seen.

Keywords: conditioned pain modulation; endogenous
analgesia; exercise-induced hypoalgesia; range of motion;
stretching; stretch tolerance.

Clinical Trial Registration number: NCT03886883.

Introduction

Stretching is known to increase joint range of motion and
is extensively used in relation to both rehabilitation and

exercise to improve function or prevent injury [1, 2].

Moreover, increasing soft tissue temperature using active

warm-up or local heat application is often used as an

adjunct to therapeutic or developmental stretching

employed to treat restrictions in range of movement [3].

Stretching has been considered primarily a mechanical

phenomenon and previous hypotheses have attributed

increases in range of motion following stretching to

mechanical changes in the muscle-tendon unit, such as

increased muscle length, or a reduction in muscle activity

[4, 5]. However, these theories have been negated [4, 6]

hence the underlying mechanisms responsible for the

acute changes in joint range of motion following stretching

are still largely undisclosed [4].
Current evidence suggests that changes in joint range

of motion following stretching are caused bymodifications
in the person’s sensations (i.e. stretch, tightness, pain, etc.)
resulting in changes in the tolerance to stretch [4, 5], thus
indicating an important sensory component. Moreover,
increases in range of motion following stretching have
lately been positively associated with reduced pain sensi-
tivity [7]. Stretch tolerance is commonly characterized by
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the changes in range of motion and peak passive moment
recorded at end range [8] and is defined as the ability to
tolerate stretch-related discomfort [9] suggesting that an
increase in stretch tolerance may explain improved joint
range of motion following stretching [10]. An increase in
stretch tolerance following stretching may depend on an
analgesic effect, allowing for higher tolerance to passive
tension [11, 12], possibly due to changes in the sensitivity of
peripheral nociceptors in the joint or muscle-tendon unit
(e.g. type Ia and Ib afferents) via gate control [9, 10] or
neurotransmitter modulation [13].

Recent findings from our group suggest that there may
be a link between the tolerance to stretch and endogenous
inhibitory pain mechanisms indicating that central pain
mechanisms can to some extent modulate joint range of
motion following stretching [12]. However, it is still un-
known to what extent pain affects the tolerance to stretch.
Taken together, this may indicate that the tolerance to
stretch is linked with endogenous modulation of somato-
sensory input.

The conductance of nociceptive afferent signals can be
modulated via descending inhibition [14, 15] which, in a
healthy system, commonly reduces pain sensitivity and
thereby increases the tolerance to nociceptive stimuli
[16, 17]. However, endogenous modulation of pain is often
impaired in populations with chronic pain, resulting in
reduced inhibitory capacity. Endogenous modulation of
pain sensitivity can be inducedwith e.g. exercise, resulting
in exercise-induced hypoalgesia (EIH) and by applying a
conditioning nociceptive stimulus distant to the area being
investigated, (conditioned pain modulation, CPM) [18].
This causes an acute heterotopic decrease in pain sensi-
tivity, although homotopic hypoalgesia has also been
reported [19]. Both methods are known to increase pain
tolerance in healthy adults although activating a CPM
response seems to induce a greater inhibitory response
compared with exercise [20].

Stretching is broadly recommended for patients with
chronic pain [9] and can be a feasible option as part of
rehabilitation, considering its non-invasiveness, low cost
and potential for self-management. Investigating the in-
teractions between the sensitivity of pain mechanisms,
the tolerance to stretch and range of motion is warranted,
considering the importance such an understanding may
have for rehabilitation strategies. The purpose of this
study was, therefore, 1) to investigate the potential influ-
ence of endogenous pain inhibitory mechanisms on
stretch tolerance and 2) to investigate the relationship
between range of motion and changes in pain sensitivity.
The hypotheses were that i) the tolerance to stretch in-
creases when endogenous pain inhibitory mechanisms

are engaged, ii) the effect is greater when a CPM response
is induced as compared to EIH and iii) changes in pain-
free range of motion are associated with changes in pain
sensitivity.

Materials and methods

Nineteen healthy male participants were recruited for this random-
ized, repeated-measures cross-over study. The participants had a
mean ± standard deviation (range) age, 25.5 ± 3.5 [22–34] years,
height 1.82 ± 0.08 (1.7–1.97) m, weight 85.5 ± 14.5 (73–130) kg, BMI
25.9 ± 4 (22.5–42) kg m−2. 16 out of 19 participants were right hand
dominant. Onlymaleswere included to avoid the potential effect that
fluctuations in gonadal hormone values across the menstrual cycle
have on the endogenous inhibitory mechanisms [21]. In accordance
with IKDC criteria, the sample size was determined to detect a dif-
ference in knee extension range of motion of at least 2°, as this must
be distinguished to properly categorize knee function [13], (α=0:05,
power=80%) betweenmeasures [12]. Based on these data, an n value
of 16 participants was estimated to be necessary. However, 19 were
included to account for possible technical errors or dropouts during
the study. Eligibility for participation included the absence of any
pain or other conditions which might affect the somatosensory sys-
tem and pain perception. All participants were asked to refrain from
physical exercise and caffeinated beverages on the day of partici-
pation. The participants entered the study after providing their
written informed consent. The study was conducted in accordance
with the declaration of Helsinki and approved by the local ethical
committee (N-20160019). The study was registered at ClinicalTrials.
gov with the registry ID NCT03886883.

Study protocol

The subjects participated in two 80-min-long sessions, (EIH session
and CPM session) at approximately the same time of day with one-to-
six days between sessions, to avoid the potential carry-over ef-
fect from one stimulation modality to the next. The order of sessions
(EIH or CPM first) was randomized and counterbalanced. Before
starting data collection, subjects were introduced to the study
procedures.

In the EIH session, passive knee extension range of motion
(ROM), passive resistive torque (PRT) and pressure pain thresholds
(PPT) were assessed before (pre-test), 30 s after (post-test) and 10min
(10 min post-test) after the induction of an EIH response followed by
static stretching (SS) of the knee flexors. In accordance with previous
procedures, a 30 min wash-out period was maintained between EIH
and SS to ensure that possible exercise-induced alterations in pain
had subsided prior to commencing SS [22]. In the CPM session, the
same variables as in the EIH session (ROM, PRT, and PPT) were
assessed before (pre-test), 30 s after (post-test) and 10 min after
(10 min post-test) two different conditions; rest/no stimuli and after
the induction of the CPM response (Figure 1). To minimize the like-
lihood of pain-induced distraction on the measurements ROM, PRT
and PPT measurements were performed 30 s later [34]. Participants
were blinded to the results of all measurements and naïve to the
research hypotheses.
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Assessment of passive range of motion

Passive knee extension range of motion and passive resistive torque
were quantified using a Biodex System 4 Pro isokinetic dynamometer
(Biodex Medical Systems, Shirley, New York, USA). The Biodex system
has a minimum detectable change (MDC95%) of 1.2° (range of motion)
and 0.0 Nm (passive resistive torque) based on the standard error of
measurement (SEM) reported by Drouin et al. [23]. The torque values
were gravity corrected using the embedded software (System 4 Soft-
ware v4.60). Participants were seated and fixed to the chair with
restraining straps over the pelvis, trunk, thigh and lower leg with a hip
flexion angle of 100°, a knee extension angle of 80° in accordancewith
previous procedures [24] (Figure 2). The dynamometer lever arm
passively extended the knee at an angular velocity of 5°/s to exclude
reflexive muscle activity [1]. The seated test position ensured that
tension was placed on the proximal muscle-tendon unit of the ham-
strings, which limited the amount of extension around the knee [25].
Participants were instructed to press a stop buttonwhen the sensation
of stretch changed to pain, which instantaneously stopped the lever
arm. This was defined as the stretch tolerance [26]. For each mea-
surement, the test was performed once.

Assessment of pain sensitivity

Pressure Pain Thresholds (PPTs) were assessed using a handheld
pressure algometer (Somedic AB, Hörby, Sweden) with a stimulation
area of 1 cm2. The rate of pressure increase was kept at 30 kPa/s, and
the first time the sensation of pressure was perceived as pain, the
subject pressed a button that stopped the stimulation. The pressure
value at this time point was defined as the PPT [33]. PPTs were
assessed at three different sites; The rectus femoris site was located in
the middle of the dominant rectus femoris muscle, 20 cm proximal to
the base of the patella. The biceps sitewas located in the middle of the
dominant biceps brachii muscle, 10 cm proximal to the cubital fossa

[20]. The shoulder site was located in the middle of the non-dominant
middle deltoidmuscle. ThePPTswere assessed 3 times at each site and
the average extracted for data analysis. For each experimental con-
dition, the mean percentage difference in PPTs between pre-test and
post-test were calculated and used for analysis.

Figure 1: Illustration of the experimental procedures performed in the two sessions; EIH and CPM. The order of sessions was randomized and
counterbalanced. Passive knee extension range of motion [ROM], passive resistive torque [PRT] and pain sensitivity assessed with manual
pressure algometry [pressure pain thresholds, PPT] at three assessment sites (dominant thigh, dominant upper arm, and non-dominant
shoulder) was assessed before, immediately after and 10 min after each test condition. The EIH sessions consisted of isometric muscle
contraction [EIH] and Static Stretch [SS]. The CPM session consisted of rest [Rest] and the cold pressor test [CPM].

Figure 2: The picture illustrates the experimental set-up using the
Biodex. The participant was comfortably seated with the trunk and lower
extremities securely fastened with straps. The lever arm of the Biodex
passively moved the lower leg towards extension at a speed of 5°/s.
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Induction of exercise-induced hypoalgesia

Exercise-induced hypoalgesia is characterized by reduced pain in-
tensity and pain sensitivity following exercise [27] and can effectively
be induced by e.g. performing a submaximal, long-lasting isometric
contraction [28]. In this study, an isometric handgrip protocol was
employed, consisting of a 3-min trial of submaximal isometric hand-
grip exercise at 25% of maximal voluntary contraction (MVC). Prior to
performing the exercise, the MVC of the hand flexor muscles was
determined. Here, the participants were asked to squeeze a handheld
dynamometer (Saehan DHD-1 Digital Hand Dynamometer, SH1001,
Saehan Corporation, Changwon-City, S. Korea) with their dominant
hand, squeezing it as hard as they could for 3 × 5 swith a 1-min interval
between trials [29]. The average pressure values were extracted and
used to determine the relative intensity (25% of MVC) for the isometric
exercise protocol. While performing the isometric exercise, partici-
pants were seatedwith the dominant arm resting on a flat surface with
the elbowflexed at 90°. Participantswere able to see the dynamometer
read-out and were instructed to maintain the force output at a level
corresponding to 25% of their MVC. Ratings of perceived exertion
(RPE) were assessed every 60 s during the isometric exercise using
Borg’s 6–20 RPE scale [30] and ratings of muscle pain in the exercising
forearm were assessed prior to completion of the exercise using the
pain rating scale developed by Cook et al. (1997) [31].

Static stretch

The static stretch protocol consisted of two bouts of 30 second
constant-angle static stretching of the knee flexors with a 1-min rest
between bouts in a manoeuvre similar to the assessment of passive
range of motion procedure. The stretching movements were stopped
by the participantswhen they felt that the sensation of stretch changed
to pain (stretch tolerance) [25, 26, 32] and this position was then kept
constant for 30 s.

Quiet rest (no stimuli)

The participants were instructed to relax while comfortably seated in
the Biodex.

Induction of conditioned pain modulation
(CPM response)

The cold pressor test (CPT) was used to induce a CPM response and
was performed with participants in the seated test position. Partici-
pants were instructed to immerse their non-dominant hand up to the
wrist into a containerwith circulatingwater at 1–4 °C for 2min keeping
the hand open. Water temperature was controlled using a digital
thermometer (Electronic Temperature Ltd. 810–930; Electronic Tem-
perature Instruments Ltd., Worthing, UK) and awater pump (Aquadistri
Aqua-Power 200–200 L; Aquadistri UK Ltd., Cambridgeshire, UK) was
used to circulate the water, preventing local warming. The partici-
pants rated the cold-inducedpain intensity from0 to 10 on anumerical
rating scale (NRS)where 0was defined as ‘no pain’ and 10 as ‘maximal
pain’ [17]. Following this procedure, the participants pulled their
hands out of the water.

Statistical analysis

Data management and analysis were performed using SPSS 25 (SPSS
Inc., Chicago, IL, USA). The normality of the data was assessed by the
Shapiro–Wilks test and the homogeneity-of-variance assumption was
assessed by testing for sphericity. Parameters that did not meet the
assumption of sphericity were corrected using the Greenhouse–
Geisser adjustment. To address the first and second hypotheses of the
study, two-way repeated-measures analyses of variance were used to
examine the absolute effect of condition (four levels: “EIH”, “Static
Stretch”, “Rest” and “CPM”) and time (three levels: “Pre-test”, “Post-
test” and “10 min post-test” for “EIH”, “Static Stretch” and “CPM”, and
two levels “pre-test” and “10 min post-test” for “Rest”) on range of
motion, pressure pain thresholds and passive resistive torque. In case
of significant factors or interactions in the RM-ANOVAs, bonferroni
corrected post hoc paired-comparisons of pairs of each independent
factors were performed. To address the third hypothesis Spearman’s
rank correlations were calculated to describe the association between
pressure pain thresholds across each experimental condition (EIH, SS,
Rest and CPM). Spearman’s rank correlations were also conducted to
describe the association between the changes in pressure pain
thresholds and changes in range of motion across experimental
conditions. An alpha level of 0.05 was defined for the statistical
significance of all tests.

Results

The average number of days between sessions was
2.2 ± 1.5 days. Mean (Standard Deviation) ratings of
cold-induced pain during CPM, ratings of perceivedmuscle
pain and ratings of perceived exertion during EIH are
summarized in Table 1.

Pre-test values forROM,PRTandPPTswere comparable
between EIH and CPM sessions (F[1, 18]=0.156, p=0.697),
(F [1, 18]=0.058, p=0.812) and (Z>−0.563, p>0.573), respec-
tively (Figures 3 and 4).

Table : Mean (SD) rated pain intensity (NRS: –) during the cold
pressor test as well as ratings of perceived muscle pain (Borg –)
and ratings of perceived exertion (RPE: –) during and after
submaximal isometric handgrip exercise.

Mean (SD)

Cold pressor test
isometric exercise

Pain intensity, NRS (–) . ± 

Rating of perceived muscle
pain, (Borg CR)

. ± .

Rating of perceived exertion,
RPE (–) at  s

. ± .

Rating of perceived exertion,
RPE (–) at  s

. ± 

Rating of perceived exertion,
RPE (–) at  s

. ± .
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Range of motion

There was a statistically significant two-way interaction
between condition and time for range of motion
(F [1,6] =3.092, p=0.008, partial η2=0.147). Therefore,
analyses of simple main effects were run. Post-test ROM
was significantly different between Rest (171.5 ± 9.7 deg.)
and Stretch (178.2 ± 11.9 deg.) and Rest (171.5 ± 9.7 deg.)
and CPM (175.6 ± 9.7 deg.) (F[1.891, 34.045]=4.472,
p=0.02). ROM increased significantly during EIH (Pre-test:
170.3 ± 10.8 deg.; post-test: 174.2 ± 11 deg., p=0.002) and
CPM (Pre-test: 171.3 ± 10.1 deg.; post-test: 175.6 ± 9.4 deg.,
p=0.001) (Figure 3).

Passive resistive torque

No significant interactions between condition and time
were found for passive resistive torque (F[1, 18]=1.476,
p=0.222, partial η2=0.054). A significant main effect of time
was found for passive resistive torque (F[2.369]=5.444,
p=0.09, partial η2=0.233). Post hoc test showed that passive
resistive torque increased significantly during EIH (pre-
test: 55.1 ± 11; post-test: 58.8 ± 11.2 N-m, p=0.049) and CPM
(pre-test 55.1 ± 12.9 N-m; post-test 58.7 ± 14.8 N-m,
p=0.018). There was no significant main effect of condition
for passive resistive torque (F[3, 54]=1.422, p=0.246).

Pressure pain thresholds

No significant interactions between condition and time
were found for pressure pain thresholds (p≥0.09).

A significant main effect of condition was found for
the deltoid muscle (F[2.241, 40.631]=5.483, p=0.006) but
not the biceps (F[3, 54]=0.353, p=0.787) or rectus femoris
muscles (F[1.387, 24.966]=0.323, p=0.641). Post hoc test
showed that pre-test pressure pain thresholds for the
deltoid muscle were significantly different between EIH
(197.7 ± 69.2 kpa) and Stretch (223.9 ± 97.2 kpa) (p=0.046).
Post-test pressure pain thresholds for the deltoid mus-
cle were significantly different between Stretch
(241.5 ± 117.7 kpa) and Rest (209.1 ± 89.2 kpa) (p=0.05) and

Figure 3: Mean (±SD) range ofmotion before (pre-test), immediately
after (post-test) and 10 min after (10 min after) each test condition
(e.g., EIH, SS, Rest and CPM). Significantly different compared with
pre-test (*p<0.05).

Figure 4: Mean (±SD) pressure pain threshold (PPT) recorded at the
rectus femoris (A), biceps (B) and deltoid (C) muscles before (pre-
test), immediately after (post-test) and 10 min after (10 min post-
test) each test condition (e.g., EIH, SS, Rest and CPM). Significantly
different compared with pre-test (*p<0.05).
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CPM (243.6 ± 111.9 kpa) and Rest (209.1 ± 89.2 kpa)
(p=0.004).

A significantmain effect of timewas found for pressure
pain thresholds for the deltoid muscle (F[1.153, 20.751]
=12.688, p=0.001) and the biceps muscle (F[2, 36]
=10.924, p=0.001) but not the rectus femoris muscle
(F[1.384, 24.913]=2.465, p=0.120). Post hoc tests showed that
pressure pain thresholds increased significantly during EIH
for the biceps muscle (pre-test: 155.1 ± 57.8 kpa; post-test:
183.6 ± 77.8 kpa, p=0.003) and the deltoid muscle (pre-test:
195.7 ± 69.2 kpa; post-test: 227.0 ± 89.3 kpa, p=0.001).
Likewise, pressure pain thresholds increased significantly
duringCPM for thedeltoidmuscle (pre-test: 209.1±89.2 kpa;
post-test: 243.6 ± 111.9 kpa, p=0.002) (Figure 4).

Associations between pressure pain
thresholds

Moderate, significant correlations in post-test pressure
pain thresholds were found between EIH and SS for the
biceps muscle (Rho=0.586, p=0.01) and the deltoid muscle
(Rho=0.535, p=0.01). Amoderate, significant correlation in
post-test pressure pain thresholds was found between EIH
and CPM for the biceps muscle (Rho=0.562, p=0.01).

A weak, significant correlation was found between
post-test pressure pain thresholds and changes in range of
motion following CPM (Rho<0.460, p=0.047).

Discussion

This study set out with the preeminent aim of expanding
our understanding of the underlining mechanisms related
to stretch tolerance.

This is the first study to investigate the role of two
endogenous inhibitory mechanisms; exercise-induced
hypoalgesia and a conditioning painful stimulus on
passive joint range of motion. The main findings were that
engaging these endogenous pain modulatory systems re-
sults in a significant increase in range of motion. However,
in contrast to our expectations, no differences were found
in range of motion or changes in pressure pain thresholds
when comparing EIH and CPM. The study findings and
potential relevance will be discussed in the segments
below.

Endogenous pain inhibition increases
passive range of joint motion

Although stretching is used for the purpose of injury risk
reduction [35], systematic reviews consistently show that
stretching seemingly does not reduce the overall risk of
exercise-related injury [36–38]. Considering the hypo-
algesic effect of inducing a CPM [39] or an EIH response
[27], it is possible that engaging these mechanisms can
explain the increase in range of motion as seen here and
elsewhere [2] and are known to reduce discomfort such as
bothersome soreness [35, 40].

In this study, a conscious decision was made to
induce an EIH response by activating upper extremity
muscles as it has been suggested that increasing soft tis-
sue temperature by way of sport-specific warm-up may
increase range of motion [41]. On that note, it is important
to consider that performing vigorous exercise close to
exhaustion, only results in very small increases in body
core temperature within a 3-min window [42] and that
exercise must be specific to a particular muscle group in
order to increase intramuscular temperature [43]. It is thus
likely that the increase in range of motion following EIH
can be attributed to exercise-induced endogenous pain
inhibition and not an increase in intramuscular temper-
ature in the knee flexors.

The analgesic effect of CPM has been shown to be
greater than that of EIH [33] and therefore it was hypoth-
esized that the effect on range of motion and pain sensi-
tivity would be greater following CPM than EIH. This was
however not supported by present findings where no dif-
ference in range of motion or changes in pain sensitivity
was found when comparing EIH and CPM. In line with
these findings, the present results revealed a moderate,
significant correlation between the pain tolerance re-
sponses (CPM effect) following EIH and CPM for the biceps
muscle. This contrasts the findings of Vaegter et al. [33]
who found no correlation between these two phenomena.

Although isometric exercise can induce EIH with both
painful and non-painful contractions, it is known that the
magnitude of the analgesic effect is greater with intensities
that generally induce more pain [44]. Therefore, the rela-
tionship between the CPM and EIH responses seen here
may be related to the intensity of perceived muscle pain
during EIH in the present studywhichwas greater than that
of comparable studies [29, 45].
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At present, the mechanisms responsible for EIH are
insufficiently understood. The endogenous opioid system
has received significant attention [27] where both opioid
and nonopioid mechanisms have been implicated. This
indicates that there are likely multiple mechanisms
responsible for EIH [46], including increased secretion of
β-endorphins, attention mechanisms, activation of diffuse
noxious inhibitory controls, or an interaction of the car-
diovascular and pain regulatory systems [47]. The hypo-
algesic effect of the isometric exercise and the CPT seen in
the present studyweremultisegmental which suggests that
central widespread inhibitory mechanisms were activated
by both static muscle contractions and CPT. It is therefore
likely, that a great part of the EIH effect seen in the present
study could be related to endogenous inhibitory pain
mechanisms.

The present results showed a weak but significant
correlation between the changes in range of motion and
the magnitude of endogenous analgesia following CPM.
The results thus suggest that the changes in range of mo-
tion are associated but not linearly dependent on the
magnitude of endogenous analgesia. This finding broadly
supports the postulation that pain inhibition is likely a
saturable phenomenon [48] indicating that these mecha-
nisms can only reduce the sensitivity to nociceptive stimuli
up to a certain level. The moderate correlations between
post-test pain tolerance responses, suggests that a static
muscle stretch may reduce the sensitivity of central pain
mechanisms. Present findings thus warrant further in-
vestigations on the potential effect muscle stretching has
on overall pain sensitivity.

Practical implications

Stretching is commonly used in relation to sport as part of
pre- and post-activity routines aswell as in rehabilitation to
increase function and improve flexibility. The present
findings suggest that stretch tolerance is, to some degree
dependent on endogenous inhibition. With the current
findings in mind, and considering that reduced endoge-
nous pain inhibition is commonly seen in various muscu-
loskeletal pain conditions [49], stretch tolerance may
simply be a marker for the overall pain sensitivity. Given
that stretch tolerance seems to depend on endogenous
pain inhibition it may therefore be likely that patients with
chronic pain may respond differently to stretching.

In rehabilitation, stretching has been shown effective
to improve function in patients with musculoskeletal pain
and has therefore been advocated for in multidisciplinary
pain management programs [9]. Interestingly though, Law

et al. [9] did not find that their stretching program affected
muscle extensibility which is supported by the current
findings where the acute effect of stretching did neither
increase range of motion nor reduce pain sensitivity.

Methodological considerations

Previous findings suggest that the EIH effect following
isometric exercise is short-lasting [50]. For this reason,
the 30-min wash-out period was implemented between the
two conditions (EIH and SS) to ensure that possible
exercise-induced alterations in pain had subsided prior to
commencing SS. Nevertheless, the present findings indi-
cate that the hypoalgesic effect did not fully attenuate in
the 30 min following EIH (Figure 3) which is in contrast to
the findings of Kosek & Lundberg [47] who found that the
EIH effect attenuated within 30 min after cessation of iso-
metric exercise. These differences may, however, relate to
methodological variations in the isometric protocols, used
to induce the EIH effect [50].

In contrast to previous findings, the current study did
not show an acute effect of static stretch on knee extension
range of motion [12]. This discrepancy is however likely
attributed to a potential carry-over hypoalgesic effect from
the EIH protocol that may have influenced subsequent
responses to SS given that pain inhibition is potentially a
saturable phenomenon [48]. The result was that the
‘pre-test’ stretch results for range of motion were higher
(although not significantly) than the ‘pre-test’ values for
the EIH and CPM conditions. This should, therefore, be
considered when interpreting present findings regarding
the effect of static stretching.

Current evidence demonstrates gender differences in
hamstring extensibility and although gender differences in
the intensity of pain elicited during stretching have been
suggested as an explanatory variable [51], the contribution
of gender on the magnitude of endogenous analgesia has
provided inconsistent findings [15] with no apparent
gender differences in thermal pain sensitivity following
stretching [7]. Accordingly, further research assessing
whether men and women differ in stretch tolerance re-
sponses is warranted.

Conclusion

By engaging the endogenous pain inhibitory mechanisms
similar to what was done herewith, either through exercise
or by introducing a competing painful stimulus, the toler-
ance to stretch increases. This pain inhibitory response
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then increases passive knee extension range ofmotion. The
results imply that the tolerance to stretch is associated
with pain sensitivity but not linearly dependent on the
magnitude of endogenous analgesia.
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