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Context: Constant-tension (CT) stretching has been used to
reduce hamstrings passive stiffness; however, the time course
of hamstrings stiffness responses during a short bout of this type
of stretching and the effects on maximal and explosive strength
remain unclear.

Objective: To examine the time course of hamstrings
passive-stiffness responses during a short, practical bout of
manual straight-legged-raise (SLR) CT passive stretches and
their effects on maximal and explosive strength in healthy young
women.

Design: Descriptive laboratory study.

Setting: Research laboratory.

Patients or Other Participants: Eleven healthy women
(age =24 = 4 years, height =167 = 4 cm, mass =65 =+ 8 kQ)
participated.

Intervention(s): Participants underwent four 15-second
SLR CT passive stretches of the hamstrings.

Main Outcome Measurement(s): Hamstrings passive stiff-
ness was calculated from the slopes of the initial (phase 1) and

final (phase 2) portions of the angle-torque curves generated
before and after the stretching intervention and at the beginning
of each 15-second stretch. Hamstrings peak torque and rate of
torque development were derived from maximal voluntary
isometric contractions performed before and after the stretching
intervention.

Results: The slope coefficients (collapsed across phase) for
the third and fourth stretches and the poststretching assessment
were lower than the prestretching assessment (P range = .004—
.04), but they were not different from each other (P > .99). In
addition, no differences in peak torque (t;o =—0.375, P=.72) or
rate of torque development (tj, = —0.423, P = .68) were
observed between prestretching and poststretching.

Conclusions: A short bout of SLR CT passive stretching
may effectively reduce hamstrings stiffness without negatively
influencing maximal and explosive strength.

Key Words: hamstrings, range of motion, straight-legged
raise, peak torque, rate of torque development

poststretching.

Key Points

» Two 15-second constant-tension passive stretches reduced phase 1 and 2 slope coefficients.
» Two subsequent 15-second stretches did not further decrease the slope coefficients.
* No changes in isometric peak torque and rate of torque development were observed from prestretching to

in clinical and athletic settings to increase range of

motion (ROM) and decrease passive stiffness of the
muscle-tendon unit (MTU).! Reduced hamstrings ROM has
been identified as a substantial risk factor for hamstrings
injuries in elite-level athletes.? Researchers® examining the
flexibility effects of hamstrings passive stretching have
reported that 5 stretches held for 15 seconds each are
needed to successfully increase hamstrings ROM in
younger adults. Whereas these data have important clinical
implications for improving hamstrings flexibility, ROM,
which is a single measurement in time in a static system,
provides limited information regarding the viscoelastic
behavior of the MTU.* Alternatively, investigators have
suggested that musculotendinous stiffness, which is typi-
cally calculated as the slope of the angle-torque curve
recorded during a passive stretch,’ may provide more valid
evidence concerning the effectiveness of stretching in
decreasing the likelihood of muscle strains and other

P reactivity passive stretching is commonly performed

hamstrings-related injuries.® McHugh et al’ reported that
individuals with stiffer hamstrings were more susceptible to
exercise-induced muscle injury than individuals with
compliant hamstrings. Consequently, knowledge about the
effect of preactivity passive stretching on hamstrings
stiffness may be important. Such information could help
improve our understanding of stretch-induced changes in
the passive mechanical properties of the MTU, as well as
guide the development of stretching interventions aimed at
reducing the risk of hamstrings injuries in individuals with
shorter and stiffer muscles.

Recently, a number of authors®'' have compared the
effects of constant-angle and -torque stretching maneuvers
on the passive stiffness characteristics of the hamstrings.
Specifically, they found that stretches held at a constant
tension (CT) more effectively decreased hamstrings
stiffness than stretches held at a constant joint angle.
Stretching at CT causes an increase in ROM referred to as
muscle creep.’ Researchers®!'? have hypothesized that,
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given the muscle-creep—induced increase in ROM, CT
stretching applies more work on the MTU, which may
explain its greater effects on the passive stiffness properties
of the muscle when compared with constant-angle stretch-
ing. Given that clinicians and other practitioners often see
patients for a limited time,' previous investigators have
been heavily focused on determining the minimum number
of CT stretches required for eliciting changes in stiffness.
Ryan et al' found that two 30-second CT passive stretches
were needed to effectively reduce passive stiffness in the
plantar flexors. Moreover, Herda et al’® reported a decrease
in hamstrings passive stiffness after a single 30-second CT
passive stretch and subsequent decreases after additional
30-second stretches. Whereas these findings provide
important information regarding the time course of the
stiffness effects of multiple 30-second CT passive stretches,
Costa et al'® suggested that 15-second stretches may better
reflect the stretching durations performed in a clinical
setting. Therefore, examining the time course of the effects
of a shorter, more practical bout of 15-second CT passive
stretches on hamstrings stiffness may be of great clinical
interest. Furthermore, numerous researchers have reported
transient decreases in muscle power'* and maximal'> and
explosive!*!® strength after various acute stretching
interventions. Given that authors'*!¢ of 2 of these studies
evaluated strength before and after prolonged stretching
bouts (>4 minutes), it remains unclear whether strength
was influenced by a shorter stretching duration. Therefore,
to fully understand the application of a short bout of CT
passive stretching, it may be important to examine how this
duration and type of stretching affects maximal and
explosive strength, as well as the passive mechanical
properties of the MTU.'?

Whereas CT stretching may effectively decrease ham-
strings passive stiffness, such techniques require relatively
large and expensive isokinetic devices,*!'! rendering the
use of such stretching as a stiffness-reducing modality
unfeasible in most clinical settings. Our laboratory has
developed a relatively simple yet cost-effective manual
straight-legged—raise (SLR) technique for assessing ham-
strings passive stiffness that consists of the investigator
applying force against a load cell attached to the heel of the
participant while the limb is moved toward the head.'”'®
We have recently modified this technique by adding
another load cell to the system and connecting it to a
strain-gauge meter, which provides real-time feedback of
the tension applied during a passive stretch. With this
modification, our manual SLR technique can now be used
as a portable CT stretching tool, which may be an attractive
alternative to isokinetic devices for performing CT
stretching in the field. We are aware of no authors who
have examined the stiffness and strength effects of a CT
passive-stretching protocol using a manual SLR technique.
Moreover, given that the effects of CT stretching on
stiffness and strength have been examined almost exclu-
sively in young males,”'! examining the effects of CT
stretching in young females may help shed light on the
stretch-induced stiffness and strength changes in this
population. Therefore, the purpose of our study was to
examine the time course of hamstrings stiffness responses
during a short, practical bout of four 15-second manual
SLR CT passive stretches and their effects on maximal and
explosive strength in young, healthy women.

METHODS
Participants

Eleven young healthy women (age =24 = 4 years, height
=167 = 4 cm, mass =65 *= 8 kg, body mass index =23 =
3 kg/m?) volunteered to participate. Before testing,
participants completed a self-administered questionnaire
that assessed their health history and volume of physical
activity. Volunteers were excluded if they had sustained an
injury in the 6 months before the study or had undergone
surgery involving the ankle, knee, or hip joint in the year
before the study. No participant reported any current or
ongoing neuromuscular disease of or musculoskeletal
injury to these areas. All participants were considered
recreationally active based on their self-reported levels of
exercise activity (5.7 * 3.2 h/wk).® All participants
provided written informed consent, and the study was
approved by the Kansas State University Institutional
Review Board.

Experimental Design

We used a repeated-measures design to investigate the
acute effects of manual SLR CT stretching on passive
stiffness and isometric maximal and rapid torque produc-
tion of the hamstrings muscles in healthy young women.
Participants visited the laboratory on 2 occasions separated
by 2 to 3 days and at approximately the same time of day
(=2 h). During the first visit, they practiced the passive
SLR and isometric strength assessments and experienced
several SLR CT passive stretches. During the second visit,
participants underwent the prestretching assessments (1
manual SLR assessment and 2 isometric strength tests),
four 15-second SLR CT passive stretches, and the
poststretching assessments that occurred immediately after
the stretching intervention.

Passive Stiffness

Passive stiffness of the hamstrings was examined from
the angle-torque curves generated before and after the
stretching intervention and at the beginning of each 15-
second stretch using a manual SLR technique as previously
described,'” consisting of the primary investigator (T.B.P.)
applying force against a load cell (model LCHD-250;
Omega Engineering Inc, Bridgeport, NJ) positioned
immediately posterior to the heel while the limb was
moved slowly toward the head (Figure 1). For each SLR,
the knee was braced in full extension, and the ankle was
immobilized in a neutral 90° position (between the foot and
leg) with a custom-made cast that was fixed around the foot
and held with straps above the ankle and over the toes and
metatarsals. We used an electrogoniometer (model
TSD130B; BIOPAC Systems Inc, Santa Barbara, CA) to
measure the hip-joint angle. The distal and proximal
endblocks of the electrogoniometer were attached using
methods similar to those described previously.'” During the
SLR, participants lay supine with restraining straps placed
over the waist, left thigh, and ankle. All SLRs were
performed on the right limb to the point of discomfort but
not pain as indicated by the participant, which was regarded
as the maximal ROM. After maximal ROM was reached,
the limb was either returned immediately (for the
prestretching and poststretching SLR assessments) or was
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Figure 1. The manual straight-legged-raise technique. The primary investigator applied force against a load cell attached to the heel of

the participant while the limb was slowly moved toward the head.

stretched and returned (for each 15-second stretch) to the
baseline position, which was a hip-joint angle of 20° above
the horizontal plane.

Surface Electromyography

To ensure that all SLRs were passive, we placed bipolar
pregelled disposable electrodes (model EL502; BIOPAC
Systems Inc) with an interelectrode distance of 25 mm over
the biceps femoris muscle of the right limb at 50% of the
distance between the ischial tuberosity and the lateral
epicondyle of the tibia.>>!° To decrease interelectrode
impedance, the skin was cleansed with isopropyl alcohol
before electrode placement. A single, pregelled disposable
electrode was placed on the palmar side of the right wrist to
serve as a reference electrode. Electromyographic (EMG)
amplitude was calculated using a root mean square function
for 200-millisecond epochs corresponding to each whole-
number degree during the ROM and normalized to the
corresponding prestretch maximal voluntary isometric
contraction (MVIC) peak EMG amplitude.'®!”

Isometric Peak Torque and Rate of Torque
Development

To determine the stretch-induced changes in isometric
peak torque (PT) and rate of torque development (RTD)
and to normalize the EMG amplitude values, participants
performed 2 MVICs of the hamstrings before and after the
stretching intervention. All MVICs were performed using a
manual isometric-strength—assessment technique on the
right limb at a hip-joint angle of 20° above the horizontal
plane,?® which was the same hip-joint angle as the starting
point of the passive SLR assessments. Participants lay
supine during each MVIC, and we placed restraining straps
over the waist, left thigh, and ankle. One-minute rests were
allotted between MVIC assessments. Of the 2 MVICs
performed before and after stretching, the MVIC with the

higher PT was selected for further analysis. For all MVICs,
participants were instructed to extend the thigh “as hard and
fast as possible” for a total of 3 to 4 seconds, and strong
oral encouragement was given throughout the duration of
the contraction.’

Signal Processing

During each MVIC and SLR, force (in newtons), joint-
angle position (in degrees), and EMG signals (in micro-
volts) were sampled simultaneously at 1 kHz (model
MP150WSW; BIOPAC Systems Inc), stored on a personal
computer (model Dell Inspiron 8200; Dell Inc, Round
Rock, TX), and processed offline using custom-written
software (LabVIEW version 11.0; National Instruments,
Austin, TX). Force and position signals were low-pass
filtered using a zero-phase lag, fourth-order Butterworth
filter with a 10-Hz cutoff. A torque signal (in newton-
meters) was subsequently derived offline by multiplying the
force signal (in newtons) from the load cell by the limb
length (in meters) for each participant.!” The EMG signal
was scaled and bandpass filtered with a zero-phase lag,
fourth-order Butterworth filter from 20 to 400 Hz. All
subsequent analyses were conducted on the scaled and
filtered signals.

The MVIC PT (in newton-meters) was calculated as the
highest mean 500-millisecond epoch during the entire 3- to
4-second MVIC plateau. We calculated the RTD (in
newton-meters per second) as the peak of the first
derivative of the torque signal. For passive stiffness, gravity
correction was performed during each SLR using a cosine
function in which the limb mass was subtracted from the
torque signal across the ROM. The scaled and gravity-
corrected torque and joint-angle signals were plotted as
passive angle-torque curves and fitted with a fourth-order
polynomial regression model based on the equation of
Nordez et al.?! Passive stiffness was calculated as the slopes
of the initial linear portion (phase 1) and the second steeper
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Figure 2. An example of an angle-torque curve during a single, passive, straight-legged-raise assessment of the hamstrings muscles.
The slope coefficients (torque/angle in newton-meters per degree) of the initial linear portion (phase 1) and the second steeper portion
(phase 2) of the angle-torque curve were defined based on percentages relative to the total range of motion (ROM). The break point
denoted the angle (in degrees) where phase 1 ends and phase 2 begins and was calculated as 89% of the total ROM. The slope of phase 1
represented the change in passive tension from 60% to 88% of the total ROM. The slope of phase 2 represented the change in passive
tension from 90% to the end ROM. In this example, the phase 1 (63°-82°) slope is 0.56, the phase 2 (84°-91°) slope is 1.09, and the break

point is 83°.

portion (phase 2) of the angle-torque curve using a
previously described procedure (Figure 2).> The slope of
phase 1 was defined as the change in passive tension from
60% to 88% of the total ROM. The slope of phase 2 was
defined as the change in passive tension from 90% to the
end ROM. The break point (in degrees) between phases 1
and 2 was defined as 89% of each participant’s total ROM,
which was selected based on the mean break point relative
to the total ROM reported by Chleboun et al.>? Passive
tension at the beginning and end of phases 1 and 2 was
quantified at common joint angles for all SLRs performed
on each participant. Consequently, the same absolute joint
angles could be used to calculate the absolute slope
coefficients (in newton-meters per degree) and mean
EMG amplitudes of phases 1 and 2 for each SLR.

Reliability

Based on the procedures described by Weir,? test-retest
reliability in our laboratory was examined during the
manual SLR and MVIC assessments from a subset of the
participants measured 48 to 72 hours apart. The intraclass
correlation coefficient and standard error of measurement
expressed as a percentage of the mean were 0.70 and
19.54% for the phase 1 slope, 0.89 and 15.89% for the
phase 2 slope, 0.99 and 4.60% for PT, and 0.95 and 13.34%
for the RTD, respectively. In addition, we observed no
systematic differences among testing sessions for any
variable (P > .05).

Passive Stretching

Repeated passive stretching of the right hamstrings
muscles was performed by the primary investigator using
the manual SLR technique. He passively moved the limb
toward the head at a slow, controlled speed until the
participant orally acknowledged discomfort but not pain by

saying “Stop.” The tension measured at this position was
kept constant by the primary investigator, who stretched the
limb for 15 seconds. An additional load cell (model LC105-
500; Omega Engineering Inc, Bridgeport, NJ) attached to
the participant’s heel was connected to a high-performance
strain-gauge meter (model DP41-S; Omega Engineering
Inc), which provided the primary investigator with real-
time feedback of the tension applied during the passive
stretch. The investigator maintained CT by increasing the
position of the participant’s limb when he observed reduced
tension on the strain gauge. A 15-second rest, in which the
limb was returned to the baseline position, was allotted
between stretches. Each participant underwent four 15-
second bouts of stretching, totaling 1 minute under stretch
and lasting approximately 2 minutes total.**

Statistical Analyses

Dependent-samples ¢ tests were used to examine the
differences in PT and RTD from prestretching to post-
stretching. Two separate 2-way repeated-measures analyses
of variance (time [prestretching versus stretch 1 versus
stretch 2 versus stretch 3 versus stretch 4 versus
poststretching] X phase [phase 1 versus phase 2]) were
used to analyze the slope coefficients and EMG amplitude
data. A separate 1-way repeated-measures analysis of
variance (stretch 1 versus stretch 2 versus stretch 3 versus
stretch 4) was used to analyze the torque maintained by the
primary investigator during each stretch. We reported ¢
statistics and type 1 error rates (P) for the ¢ tests and F
ratios and P values for the interaction and main effects.
Cohen d effect sizes were calculated for each pairwise
comparison, in which values of 0.20, 0.50, and 0.80
corresponded to small, medium, and large effect sizes,
respectively.?® Statistical analyses were performed using
SPSS (version 22; IBM Corp, Armonk, NY), and the o
level was set at <.05.
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Table 1. Prestretching and Poststretching Isometric Peak Torque
and Rate of Torque Development, Mean = SD

Table 2. Slope Coefficients of Phases 1 and 2 for Each Straight-
Legged Raise, Mean *= SD

Variable Prestretching

140.35 = 36.11

Poststretching
141.31 = 33.46

Isometric peak torque, Nm
Rate of torque development,
Nm/s

996.82 = 286.26  1044.71 = 259.96

RESULTS

For maximal and rapid strength, no differences in PT (#;
=-0.375,P=.72,d=0.03) and RTD (¢,(=-0.423, P=.68
d = 0.18) were found from prestretching to poststretching
(Table 1). The means and standard deviations for the slope
coefficients of phases 1 and 2 for each SLR are shown in
Table 2. For the slope coefficients, we observed no
interaction (Fs 5o = 0.152, P = .98) but noted main effects
for time (F5,50=4.920, P=.001) and phase (¥ jo=11.998,
P =.006). The marginal means collapsed across phase for
stretches 3 and 4 and the poststretching assessment were
lower than the prestretching assessment (P range = .004—
.04, d range = 0.71-0.83), but they were not different from
each other (P > .99, d < 0.17; Figure 3). In addition, the
marginal mean for the slope coefficients collapsed across
time increased from phase 1 to 2 (P =.006, d = 0.86). For
EMG amplitude, we observed no interaction (550 =0.016,
P > .99) and no main effects for time (Fs5 5o = 0.027, P >
.99) or phase (Fj 1o = 0.042, P =.84). The EMG amplitude
values were 0.39% and 0.37% of the MVIC for phases 1
and 2, respectively. The torque maintained by the primary
investigator did not change among stretches (stretch 1 =
36.82 = 7.00 Nm; stretch 2=37.89 + 5.21 Nm; stretch 3 =
35.78 £ 6.58 Nm; stretch 4 = 38.58 *£ 6.28 Nm; F5 30 =
1.269, P = .30).

DISCUSSION

Our primary findings were that hamstrings passive
stiffness, as indicated by the slope coefficients, decreased
after two 15-second SLR passive stretches, with no
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Slope, Nm/°

Time Phase 1 Phase 2 Mean?

Prestretching 0.62 + 0.13 0.77 £ 0.17 0.69 + 0.14
Stretch 1 0.61 = 0.18 0.74 = 0.24 0.67 = 0.16
Stretch 2 0.57 = 0.15 0.72 = 0.14 0.65 = 0.09
Stretch 3 0.53 = 0.11 0.65 = 0.18 0.59 = 0.14°
Stretch 4 0.52 = 0.14 0.62 = 0.19 0.57 = 0.14°
Poststretching 0.52 = 0.15 0.62 + 0.21 0.57 = 0.16°

@ Main effect for time (collapsed across phase).
b L ower than the prestretching assessment (P < .05).

additional decreases after stretches 3 and 4 when compared
with the prestretching assessment (Table 2). We also
observed no changes in PT and RTD from prestretching to
poststretching (Table 1). Our findings indicated that the
cumulative effects of 2 repeated bouts of 15-second SLR
passive stretching could reduce passive stiffness in the
hamstrings. Researchers have shown decreases in passive
stiffness of the plantar flexors®® and hamstrings® after a
single 30-second passive stretch. However, other au-
thors?”?® examining similar stretching durations (20—60
seconds) have reported no changes in passive stiffness for
these muscles. The discrepancies between these findings
and ours may be due to differences in the types of passive
stretching that were performed. We performed a CT
passive-stretching protocol (4 X 15-second passive stretch-
es), whereas similar bouts of constant-angle stretching (1 X
20-second, 1 X 60-second, 2 X 30-second, or 4 X 15-second
passive stretches) were performed in previous studies.?’-*
Greater decreases in passive stiffness have been reported
after holding stretches at a constant torque (or tension)
compared with a constant position.*''* Ryan et al'?
suggested that the muscle-creep—induced increase in ROM
during CT stretching applies more work on the MTU,
which could result in greater changes in the stiffness
properties of the muscle than constant-angle stretching.

3 4
Stretch

Poststretch

Figure 3. Percentage change in the slope coefficients (collapsed across phase) from the prestretching assessment for the angle-torque
curves generated at the beginning of stretches 1, 2, 3, and 4, as well as the poststretching assessment. Values are mean += SEM.

2 Decrease from the prestretching assessment.
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Whereas the slope coefficients in this study decreased after
the second SLR stretch, we demonstrated no changes in
these variables after the first stretch. These findings suggest
that one 15-second SLR CT passive stretch is insufficient
for reducing stiffness and a second stretch (for a total time
of 30 seconds) may be needed before reductions in stiffness
can occur.

The reason for the stretch-induced declines in passive
stiffness is unclear’* but could be due to several factors,
including increases in tendon compliance,*® muscle-fascicle
length,'®> and deformation of the noncontractile proteins of
the endosarcomeric and exosarcomeric cytoskeletons (ie,
titin, desmin).>! Moreover, given that connective tissue has
been reported to be a major contributor to passive
stiffness,®? increases in the length of these structures may
also play a role in the stiffness decreases observed after
stretching.®?* Future investigations involving more sophis-
ticated methods (ie, ultrasound imaging combined with
passive torque and ROM data) are needed to further
examine these findings.

The lack of differences in slope coefficients among the
third, fourth, and poststretching assessments in this study
indicated that 15-second CT stretches beyond 2 repetitions
may not elicit further decreases in passive stiffness of the
hamstrings. In contrast, Herda et al® found a decrease in
hamstrings passive stiffness after 30 seconds of CT passive
stretching and subsequent decreases after longer stretching
durations. However, these additional decreases in stiffness
were not observed until after 4 minutes of stretching.’
Therefore, based on these findings and ours, 30 seconds
may be as effective as 45 or 60 seconds of stretching in
reducing stiffness in the hamstrings. However, if stretching
is performed for longer periods (>4 minutes), subsequent
declines in passive tissue resistance may occur and could
result in greater reductions in stiffness.” Whereas these
findings provide support for prolonged passive-stretching
protocols greater than 4 minutes, stretching for such a
duration has been shown to elicit reductions in numerous
performance-based outcomes, including muscle power'
and maximal and rapid force production.'*!® Given that
lower stiffness values have been associated with a
decreased ability to generate force rapidly in younger
adults,’ the aforementioned declines in performance may be
partially due to the large decreases in muscle stiffness that
are typically observed after long durations of passive
stretching. A key finding of our study was that maximal and
explosive strength, as indicated by PT and RTD, were not
affected by the stretching intervention. Researchers'?-*3
have suggested that, given its smaller effects on stiffness,
shorter-term stretching may cause a smaller change in MTU
compliance that is not detrimental to the force-producing
capabilities of the muscle. In our study, four 15-second
passive stretches elicited a 17% decrease in hamstrings
muscle stiffness (Figure 3), which was substantially smaller
than the stiffness reductions (approximately 31%—38%)
reported previously after longer-term passive stretching
(>4 minutes).” Therefore, the possibility of smaller
reductions in the passive-stiffness properties of the muscle
may explain why we observed no stretch-induced changes
in maximal and explosive strength. Whereas further
research is still needed to test these hypotheses regarding
the influence of stretching duration on stiffness and active
force production, our findings of declines in the slope

coefficients but no changes in PT and RTD provide support
that a short bout of SLR CT passive stretching may
effectively reduce stiffness without negatively influencing
maximal and explosive strength capacities of the ham-
strings.

To our knowledge, we are the first to examine the
stiffness and strength effects of a CT passive-stretching
protocol using a manual SLR technique. Whereas previous
investigators have reported beneficial effects on stiffness
from CT stretching using isokinetic dynamometers,!#10
these devices are relatively expensive, immobile, and
inaccessible to many researchers and clinicians.!” The
manual SLR technique that we proposed uses equipment
(load cells, strain gauge meter, electrogoniometer, etc) that
is portable and less costly than isokinetic devices.
Moreover, the ability of this technique to provide visual
feedback of the passive tension applied to the muscles
being stretched may make it an attractive alternative for
performing CT stretching in both laboratory and clinical
settings. Researchers have suggested that a decrease in
hamstrings-stiffness characteristics may alleviate tightness
of the lower extremity musculature,® which in turn, could
help reduce the potential risk of muscle strains and other
injuries to the MTU.** Given our findings of a stretch-
induced reduction in the slope coefficients, the stretching
protocol used in our study may be beneficial for mitigating
subsequent injuries in younger adults. Future studies of the
effects of CT passive stretching as part of a warmup routine
on the incidence of muscle injuries to the hamstrings are
needed to test this hypothesis.

A potential limitation of this study was the absence of a
control treatment (ie, no stretch). However, given that the
prestretching SLR assessment and stretch 1 produced
angle-torque curves before CT stretching was initiated,
this period without intervention may serve as an alternative
control condition. No reductions in the slope coefficients
were observed between the prestretching SLR assessment
and stretch 1. Therefore, based on these findings, we can
conclude that the prestretching testing by itself did not
influence passive stiffness. Furthermore, the torque values
maintained by the primary investigator were not different
among stretches, indicating that the SLRs performed in this
study were of a similar intensity and, thus, comparable with
the CT movements performed previously using isokinetic
dynamometers.®'® Finally, we acknowledge that the
generalizability of our findings is limited to a population
of healthy young females. Therefore, further research is
warranted to extend these research objectives to other
populations, including healthy young males, athletes, and
older individuals.

CONCLUSIONS

Two 15-second SLR CT passive stretches reduced phase
1 and 2 slope coefficients; however, 2 subsequent 15-
second stretches did not further decrease the slope
coefficients. In addition, no changes in isometric PT and
RTD were observed from prestretching to poststretching.
Taken together, these findings provide support that a short
bout of SLR CT passive stretching may be an effective
modality for reducing passive stiffness without decreasing
maximal and explosive strength in the hamstrings.
Moreover, given that the CT passive-stretching protocol
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in our study was performed manually without using an
isokinetic dynamometer, these findings also perhaps
demonstrate the practicality and utility of the manual
SLR technique as an attractive alternative to isokinetic
devices for performing CT stretching and stiffness-based
assessments in healthy populations. Whereas large decreas-
es in hamstrings stiffness can occur after 4 minutes of CT
passive stretching,” such stretching durations have been
shown to elicit declines in maximal and explosive strength
of the lower body musculature.'*!® Therefore, if athletic
trainers and other practitioners want to prescribe a pre-
exercise stretching intervention to reduce stiffness while
minimizing any potential deficits in maximal and explosive
strength of the hamstrings, our findings suggest that 2
repeated bouts of 15-second SLR CT passive stretching
may be an effective strategy for achieving these desired
outcomes.
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