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Abstract.

BACKGROUND: Stretching is commonly used for clinical and sports reason but the effects vary on time and the technique used.
PURPOSE: To determine the acute effects of static and dynamic stretching of gastrocnemius muscle on muscle-tendon unit
(MTU) and dorsiflexion range of motion (ROM) in the same individuals; to find out how long the stretching effects endure.
METHODS: Twenty-eight males (mean age: 22.18 =+ 2.58 years) were included in the study. A 45-s static stretching (SS) exercise
was applied to the right leg 5 times and dynamic stretching (DS) of same duration to the other leg. Change in MTU was assessed by
ultrasonography and active and passive ROM was measured with goniometer. All evaluations were performed before, immediately
following, 5-min, 15-min and 30-min after stretching.

RESULTS: Muscle thickness and pennation angle did not change over time with either techniques (p > 0.05). A significant
muscle-tendon junction (MTJ) displacement occurred after the techniques (p < 0.05); the highest change was achieved after DS
(p < 0.05). Both techniques improved active ROM values similarly (p < 0.05), but only dynamic stretching increased passive
ROM significantly (p < 0.05). Active and passive ROM and MTJ displacement values at 30™ — min were still higher than the
baseline ones on the DS side (p < 0.05). However, SS increased active ROM angle immediately after application but this increment
declined until the final measurement.

CONCLUSION: We recommend using the dynamic stretching technique to achieve greater and longer lasting increases in tendon
length and range of motion.
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Abbreviations MTU Muscle-Tendon Unit
. . ROM Range of Motion
DS Dynamic Stretching SS Static Stretching

MTJ Muscle-Tendon Junction

1. Introduction
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Muscle stretching is applied to enhance range of mo-
tion (ROM) and to reduce risk of injury in sports [1-3]
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or used as a therapeutic approach for many clinical
conditions [4-8]. It can be performed in either a static
or a dynamic manner. While the muscle is held in its
lengthened position for some period in static stretching
(SS), in movement-based dynamic stretching (DS) the
muscle is relaxed and elongated via reciprocal inhibi-
tion of its antagonist’s contraction, without being held
in the end position [9,10].

Despite conflicting results regarding performance [9,
11-17] and injury prevention [3,18-20], it is reported
that flexibility and ROM can be improved by static
stretching as a consequence of the decrement in muscle
stiffness [21-24]. Recent studies suggest the use of
dynamic stretching if one avoids strength loss [25-27].

However, effects of stretching depend on the type,
duration, position and timing of stretching and there is
still debate over which prescription provides the best
results in terms of flexibility, power, sports performance
and injury protection [18,28]. In addition, there is no
consensus regarding which one is mostly affected, mus-
cle or tendon, by stretching.

Various test methods (e.g. jump test, dynamometer,
electRoMyography) are used to observe stretch-induced
results [15,16,29]. Ultrasound seems to be a good option
as it offers a objective and non-invasive way to observe
the change in muscle and tendon due to stretching [30].

Limited number of studies exists in literature investi-
gating the viscoelastic changes of the stretched muscle
via ultrasound after different stretching techniques or
the time-course of the stretching results.

This study was performed to determine the acute ef-
fects of static and dynamic stretching of gastrocnemius
muscle on muscle-tendon unit (MTU) and dorsiflexion
range of motion in the same individuals and to find out
how long the stretching effects are sustained.

2. Methods
2.1. Subjects

This study complied with the Declaration of Helsinki,
and the protocol was approved by the Ethics Com-
mittee at Tokat Gaziosmanpasa University, Faculty of
Medicine (Project No: 15-KAEK-025).

Twenty eight males [mean age: 22.18 &+ 2.58 years,
(18-29 years)] were recruited from Tokat Gaziosman-
pasa University, Faculty of Sports Sciences. Volunteers
with no history of recent musculoskeletal injuries or
neurological diseases were included in the study. Before
participation, all procedures had been fully explained

and written informed consent was obtained from all
volunteers. The participants were asked not to perform
any strenuous physical activity within 24 hours before
measurements. The stretching exercises and the assess-
ments were conducted within the Radiology Depart-
ment of University Hospital, where a constant room
temperature could be maintained.

2.2. Method

2.2.1. Outcome measures

Muscle-tendon unit properties of gastrocnemius mus-
cle were assessed via ultrasound and recorded as the
baseline values. Dorsiflexion range measurement was
measured using a universal goniometer [31].

Ultrasound measurement

A radiologist (E.G.) assessed muscle-tendon junction
(MTJ) displacement, muscle thickness and pennation
angle via ultrasound which was taken in the scope of
Scientific Research Project.

A real-time ultrasound (Toshiba Aplio 500, Otawara,
Japan) was used to observe the position and the changes
in the MTJ before and after stretching exercises. The
device had a 9-MHz linear type probe (PLT 805 AT)
with a 55-mm wide field of view. Each participant stood
up on a hard ground with his feet placed parallel. Ini-
tially, ultrasound probe was placed at the achille tendon-
medial gastrocnemius junction level and then caudal
edge of the probe was marked with a permanent marker.
This marked point was used for all ultrasonic measure-
ments. MTJ displacement was calculated by measuring
the distance between new MTJ position and the refer-
ence point [1]. The muscle thickness was defined as
the distance between the deeper and upper aponeuroses
and was measured at the MTJ [1]. The pennation angle
of muscle was measured as the angle of insertion of
the muscle fiber fascicles into deeper aponeurosis [32].
Muscle thickness and pennation angle measurements
are shown in Fig. 1 and MT]J displacement, in Fig. 2.

Goniometric measurement

Goniometric measurements were performed by the
physiotherapist (F.D.). A universal goniometer was used
to assess active and passive dorsiflexion range. The
measurement was performed in non-weight bearing po-
sition. Participants lied in supine position. A roll shaped
towel was placed under the knee to give slight flexion
to the knee and relax the gastrocnemius muscle as it is
a double-jointed muscle. Lateral malleolus was deter-
mined as the pivot point. The foot was brought to its
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Fig. 2. Ultrasonographic images of the MTJ of medial gastrocnemius.
The “D” indicates the proximal displacement of the MT]J right after
dynamic stretching.

neutral position of 90° and then participants were told
to dorsiflex their ankle. One arm of the goniometer was
held parallel to the fibula while the other was following
the 5™ metatarsal throughout the movement [33]. The
degree at the end point was recorded as “active dor-
siflexion value”. Right after, ankle was forced by the
physiotherapist for a further movement and the second
value was recorded as “passive dorsiflexion value”.

2.2.2. Intervention
Static stretching

After a 5-min warm-up period, static stretching was
applied to participants’ gastrocnemius muscles on their
right limbs. Participants lied in supine position and a
physiotherapist (F.D.) took the ankle to dorsiflexion po-
sition until the end point. Each stretch was held for 45-s
and repeated five times. There was a 15-20-s rest period
between each stretch. The intensity of stretching was

set to the threshold of mild discomfort, but not pain, as
acknowledged by the participant. Ultrasonographic and
goniometric measurements were repeated right after,
5-min, 15-min and 30-min after the stretching in order
to see how long the stretching effect is sustained.

Dynamic stretching

After a few days, the same participants were assessed
to see the effects of dynamic stretching. Participants
performed dynamic stretching on their left sides this
time in order to eliminate possible post-stretching ef-
fects or injuries on the right leg. Following a 5-min
warm-up period, dynamic stretching exercises were per-
formed based on the stretching protocol at Samukawa’s
study [1]. Participants raised their left foot off the floor,
extended their knees and performed active dorsiflex-
ion and plantar flexion of their left ankle joints with a
rhythm of 1 beat per second using a metronome. Dy-
namic stretching of 45-s was repeated 5 times. Between
each set, participants rested their legs for 15-20-s. Ul-
trasonographic and goniometric measurements were re-
peated right after, 5-min, 15-min and 30-min after DS,
as performed after the SS protocol.

2.3. Statistical analysis

Continuous data are expressed as mean + standard
deviation. Independent Sample ¢ test was used to com-
pare the continuous normal data between groups. Time
factor over active ROM, passive ROM, muscle thick-
ness, pennation angle and muscle-tendon unit param-
eters between groups (right (SS) and left side (DS))
was investigated with Repeated Measures Analysis of
Variance (ANOVA). A p-value < 0.05 was considered
significant. Analyses were performed using SPSS 25
(IBM SPSS 20.0, SPSS Inc., Chicago, Illinois, USA).

3. Results

The trial was completed within a week without any
adverse effect or event. The physical characteristics of
participants are presented in Table 1. Neither muscle
thickness (Table 2) nor pennation angle (Table 3), varied
over time (p > 0.05).

However, MTJ displacement was significantly higher
after dynamic stretching (p < 0.05) although each
stretching technique managed to create an effect at MTJ
(p < 0.05) as presented in Table 4. A significant change
in the MTJ occurred immediately following stretching
in DS group and the displacement seemed to be maxi-
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Table 1
Physical characteristics of volunteers
(n = 28) Minimum  Maximum Mean & SD
Age (year) 18.00 29.00 22.18 +2.58
Height (m) 1.68 2.00 1.79 £ 0.07
Weight (kg) 58.00 113.00 76.43 £ 11.17
Body Mass Index (kg/m?) 19.82 34.49 23.80 £ 3.03
Table 2
Measurement results of muscle thickness
Muscle thickness (mm)  Static stretching ~ Dynamic stretching p1
Mean 4+ SD Mean 4+ SD
Before stretching 21.38 £3.03 21.07 £3.30 0.383
Right after stretching 21.39 £2.24 21.16 £ 3.45 0.577
5-min after stretching 21.68 £ 2.62 21.12£2.73 0.084
15-min after stretching 2147 £2.49 20.95 £ 2.57 0.064
30-min after stretching 21.70 £ 2.46 20.56 £2.76 0.001
D2 0.603 0.469

Group effect: p = 0.428; Time effect: p = 0.836; Group x Time effect: p =
0.309. For time factor different superscripts (a, b, ¢) in the same column (Re-
peated Measures ANOVA) indicate a statistical difference. p1: Paired Samples T
test was used. p2: Repeated Measures ANOVA test was used.

Table 3
Measurement results of pennation angle
Pennation angle (°) Static stretching ~ Dynamic stretching p1
Mean + SD Mean + SD
Before stretching 20.43 £2.63 21.04 £2.80 0.258
Right after stretching 21.11 £ 1.73 21.14 £ 3.65 0.949
5-min after stretching 20.75 £2.20 22.00 £ 2.61 0.047
15-min after stretching 20.75 £ 2.56 22.254+3.43 0.042
30-min after stretching 21.00 £2.29 20.86 £ 3.19 0.838
p2 0.672 0.064

Group effect: p = 0.261; Time effect: p = 0.218; Group x Time effect: p =
0.109. For time factor different superscripts (a, b, ¢) in the same column (Re-
peated Measures ANOVA) indicate a statistical difference. p1: Paired Samples T
test was used. pa: Repeated Measures ANOVA test was used.

Table 4
Measurement results of muscle-tendon junction (MTJ) displacement
MTJ displacement (mm)  Static stretching ~ Dynamic stretching p1
Mean + SD Mean &+ SD

Before stretching 0+ 0? 0+£0? -
Right after stretching 2.53 4 4.55% 5.83 4 5.49° 0.014
5-min after stretching 239 + 3.962 6.9 & 5.66° < 0.001
15-min after stretching 2.48 +3.95° 5.63 £5.21° 0.013
30-min after stretching 0.87 £ 4.19% 6.36 & 6.98° 0.001
P2 0.007 < 0.001

Group effect: p < 0.001; Time effect: p < 0.001; Group x Time effect: p = 0.001.
For time factor different superscripts (a, b, ¢) in the same column (Repeated Measures
ANOVA) indicate a statistical difference. p1: Paired Samples T test was used. pa:
Repeated Measures ANOVA test was used.

mum at 5 minute measurement, showing an insignifi- to increase with dynamic stretching and made a peak
cant decline till the final measurement, but still higher at 15™ minute measurement, no superiority existed be-
than the base value. tween groups (p > 0.05) (Table 5). However, the results

Active dorsiflexion range increased over time with were different at passive dorsiflexion range. The pas-

both techniques (p < 0.05). Although the range tended sive range significantly increased only with dynamic
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Table 5
Goniometric measurement results of active dorsiflexion
Active dorsiflexion (°)  Static stretching ~ Dynamic stretching p1
Mean + SD Mean + SD

Before stretching 15.57 £ 3.77% 15.82 4 3.63% 0.737
Right after stretching 17.54 4 3.23° 17.79 £ 3.14* 0.645
5-min after stretching 16.86 & 3.82% 18.5 £ 2.86™ 0.008
15-min after stretching 16.46 + 3.70% 19.29 + 3.26° 0.001
30-min after stretching ~ 16.75 & 2.94% 18.5 4 3.81b¢ 0.007
p2 0.009 < 0.001

Group effect: p = 0.087; Time effect: p < 0.001; Group x Time effect: p =
0.005. For time factor different superscripts (a, b, ¢) in the same column (Re-
peated Measures ANOVA) indicate a statistical difference. p: Paired Samples T
test was used. pa: Repeated Measures ANOVA test was used.

Table 6
Goniometric measurement results of passive dorsiflexion
Passive dorsiflexion (°)  Static stretching ~ Dynamic stretching p1
Mean + SD Mean + SD

Before stretching 17.25 +£3.15 17.46 £ 3.25% 0.765
Right after stretching 19.00 £ 2.89 20.07 £ 3.51° 0.060
5-min after stretching 17.64 4+ 4.81 20.68 + 2.68° 0.001
15-min after stretching 17.79 £ 4.23 21.00 & 3.52° 0.001
30-min after stretching 17.75 + 3.38 20.18 + 3.75Y 0.001
p2 0.098 < 0.001

Group effect: p = 0.013; Time effect: p < 0.001; Group x Time effect: p =
0.002. For time factor different superscripts (a, b, ¢) in the same column (Re-
peated Measures ANOVA) indicate a statistical difference. p1: Paired Samples T

test was used. p2: Repeated Measures ANOVA test was used.

stretching technique; reaching again its highest point
at 15" minute measurement as can be seen in Table 6
(p < 0.05).

4. Discussion

The results of our study indicate that muscle thick-
ness and pennation angle values did not significantly
changed but MTJ displacement occurred after the tech-
niques; the highest change was achieved after DS.
Although both techniques improved active range of
motion values similarly, only dynamic stretching suc-
ceeded in increasing passive range of dorsiflexion mo-
tion significantly. The time course analysis indicated
that active ROM, passive ROM and MTJ displacement
values at 30" minute measurements were still signifi-
cantly higher than the baseline ones on the DS applied
side. SS did increased active ROM angle immediately
after application but this increment started to decline
until the final measurement.

Pennation angle and fascicle length are generally
used to determine change in muscle architecture [32,
34]. Our outcomes indicated that both stretching exer-
cises affected “the tendon” essentially, not the muscle;

as Samukawa et al. [1] previously reported, too. Simi-
lar to our findings, they found no change in pennation
angle and fascicle length of plantar flexor muscle but
a significant displacement of the MTJ and an increase
in passive dorsiflexion angle, after dynamic stretching
exercises of 30-s and 5 sets. The change in MTJ dis-
placement was sustained until the second set but time
course of the change in ROM was absent as it was not
measured after each set [1].

Mizuno et al. [35] achieved an immediate increase in
passive dorsiflexion ROM after static stretching of 1-
min, performed 5 times. Muscle stiffness was reported
to decrease and MTJ displacement increase (arguably
due to increment of muscle length and decrement of
tendon length) but these improvements returned within
10-min, although the gain in ROM sustained over 30-
min. Similar results were showed in other studies of
Mizuno et al., consisting of dynamic stretching exer-
cises of various duration and set numbers [36,37]. They
stated that these results were due to the enhanced stretch
tolerance, rather than viscoelastic changes of MTU.

Nakamuro et al. [38] reported an immediate and pro-
longed (10-min later) decrease in MTU stiffness of gas-
trocnemius muscle, with static stretching of 5-min. This
decrease was attributed to the decrease in muscle stiff-
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ness, not to that in tendon. Fascicle length remained
unchanged, but ROM was not evaluated in the study.
Ryan [39] also studied the time course of stretching and
found that ROM increased immediately after stretch-
ing, regardless of different stretching duration but the
effects disappeared within 10-min. Nakao et al. inves-
tigated the acute effects of static stretching of active
and passive knee extension on shear elastic modulus of
hamstring muscle and maximum knee extension ROM.
They indicated that the maximum ROM increased and
shear elastic modulus decreased after both stretching
without superiority between the techniques [40].

In the current study both techniques were applied to
the same individuals in order to eliminate morpholog-
ical differences [34,41]. And unlike most of the stud-
ies involving stretching session of 30-s and stating that
post-stretching achievements disappeared within 10-
min [18,39] we applied stretching for 45-s to find out
whether the results would last longer if the stretch was
prolonged.

As mentioned above, post-stretching changes, like in-
crease in ROM, are mostly attributed to the viscoelastic
properties of muscle-tendon unit [30,42,43] and to neu-
ral mechanisms [44-46]. Some of the studies analysing
acute effects of stretching suggested that the increase
in ROM was due to muscle compliance based on the
change in pennation angle and fascicle length [34,38],
or a decrease in muscle stiffness [39]. Those who failed
to find any change in pennation angle and fascicle
length reported that elastic component of connective
tissue elements within muscle was responsible from
RoM increase [38,47,48] while some authors stated
that stretching affected the tendon, primarily, not the
muscle [1], supporting our findings.

In addition to the mechanism of action, exhibiting
the technique difference in ROM and MTJ results con-
stitute the main issue in this study. While stretching
of a muscle in a static manner reveals autogenic in-
hibition [10] dynamic stretching generates reciprocal
inhibition [49]. Thus, reciprocal inhibition is thought
to be responsible for the significant difference in MTJ
displacement, between the techniques.

According to Cyriax, passive movements test inert
structures which include joint capsule, ligaments, fas-
cia, and are generally used to get information about
the integrity of contractile and inert structures [50]. It
is apparent that various factors other than muscle or
tendon also play role in a joint motion.

Chtourou et al. investigated the effect of dynamic
and static stretching on diurnal variations of jump per-
formance in soccer players. Hamstring, quadriceps and

calf muscles were stretched for 20-s and 3 times. They
recorded oral temperature before and after stretching in
the morning and in the evening time as core temperature
was a chronobiological marker and representing the cir-
cadian system. They indicated that the increase in oral
temperature after dynamic stretching was significantly
higher than that of static stretching. The improvement
in muscular performance was attributed to the elevated
muscle and body temperature [51].

In a systematic review, static stretching was men-
tioned as a passive technique which fails to warm a
muscle [20].

Based on previous findings [51-53] we suggest that
the compliance of soft tissues (like ligaments and other
inert structures) around the ankle due to the rise in
temperature obtained by DS, might be responsible for
the rise in passive ROM.

The absence of a control group was one of the lim-
itations of our study. Another limitation is that joint
movements could not be measured with a dynamometer
while inclusion of male only participants of similar ages
was another.

5. Conclusion

Both static and dynamic stretching exercises elon-
gated tendon and improved active ROM, but only dy-
namic stretching resulted in an increase in passive range
of dorsiflexion and created a better lengthening in the
tendon. Dynamic stretching seems to affect both con-
tractile and inert structures. Given the results of this
study, we recommend using the dynamic stretching
technique to achieve greater and longer lasting increases
in tendon length and range of motion.
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