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Abstract

Effects of calf and ankle tissue flossing on countermovement jump (CMJ) braking strategy
and local passive mechanical properties were examined after repeated jumping. Forty
healthy male college students matched by CMJ height were randomized within pairs to
the flossing group (FLOSS; n = 20) or control group (CON; n = 20). After 100 jumps from
a 30 cm box, FLOSS received calf and ankle flossing, whereas CON performed identical
ankle movements without flossing. CMJ braking-phase variables, CMJ and squat jump
(SJ) performance, and lower-leg muscle–tendon properties (MyotonPRO) were assessed
at baseline (T1), immediately postexercise (T2), and postintervention (T3). After Holm
adjustment, significant group-by-time interactions occurred for braking phase duration
(p = 0.015, η2

p = 0.128) and braking rate of force development (RFD) (p = 0.012, η2
p = 0.145),

but not jump height or passive mechanical properties. From T2 to T3, FLOSS showed a
greater decrease in braking phase duration and a greater increase in braking RFD than
CON, with similar braking net impulse. However, these differences were not confirmed by
ANCOVA adjusting for T2 values. These findings suggest a possible acute modification
of CMJ braking strategy rather than improved jump performance or recovery. Integrating
force–time, jump, and muscle mechanical measures may allow for more comprehensive
monitoring of acute flossing responses.

Keywords: deceleration; passive stiffness; rate of force development; stretch-shortening
cycle; monitoring

1. Introduction
Among lower extremity joints, the ankle is one of the first to bear ground reaction

forces during jump landing and plays an important role in their initial absorption and
regulation. Ankle injuries, including recurrent sprains and chronic instability, are par-
ticularly common in sports involving rapid changes in direction, repeated jumping, and
landing [1,2]. Repeated stretch-shortening cycle (SSC) actions may cause structural muscle
damage, impair force production, and compromise the ability to maintain the required
mechanical output [3]. They may also alter the postexercise state and local passive mechan-
ical properties of ankle related muscles, including stiffness, viscoelasticity, relaxation, and
creep [4,5]. Therefore, postexercise interventions may influence movement strategies, local
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passive mechanical properties, or both, and assessing each aspect may provide comple-
mentary information on acute postexercise responses [6–9]. The countermovement jump
(CMJ) is widely used to capture acute postexercise changes because of its sensitivity and
ease of administration [5,10]. Previous studies on CMJ force–time analysis have shown
that jump height alone may not fully capture changes in movement strategy, because alter-
ations in phase-specific force production can occur without clear changes in overall jump
output [11,12]. Since the CMJ involves the SSC, it is well suited for capturing force–time
strategies and multipoint coordination. In contrast, the squat jump (SJ), which primar-
ily involves concentric action, may serve as a useful comparison task to help interpret
repeated jump-related strategy changes [13]. Thus, combining CMJ and SJ assessments
with CMJ force–time variables may enable more comprehensive evaluation of postexercise
intervention effects after repeated-jumping.

Tissue flossing involves wrapping an elastic band tightly around a limb segment
while the joint is actively moved, followed by release of the band [14,15]. Proposed
mechanisms include improved myofascial gliding, reactive hyperemia after band release,
and neurophysiological effects [16–18]; however, these mechanisms have rarely been
examined directly, and their contribution to the effects of flossing remains unclear. Previous
studies have suggested that flossing may improve the joint’s range of motion and certain
performance-related outcomes, including ankle dorsiflexion, single-leg jump performance,
hamstring flexibility, and knee flexion angle [15,19–21]. However, it remains unclear
whether tissue flossing can still improve performance when applied after exercise and
whether it also alters local tissue mechanical properties [16].

In this context, the present study aimed to examine the acute response to calf and
ankle tissue flossing after repeated jumping exercise. It was hypothesized that calf and
ankle tissue flossing, when applied after repeated jumping exercise, would help maintain or
improve ankle-related local passive mechanical properties and jump-related performance
responses compared with active ankle movements without the floss band. This integrated
approach may provide a more comprehensive understanding of acute postexercise re-
sponses and movement strategy modulation.

2. Materials and Methods
2.1. Participants

A total of 40 healthy male college students who participated in intercollegiate compe-
titions were recruited for this study. All participants had engaged in regular sport training
for at least 1 year and trained at least twice per week, with each session lasting at least
30 min. Their training included resistance, weight, or power training, or participation in
sports involving repeated sprinting, jumping, and changes in direction, such as basketball,
volleyball, soccer, badminton, track and field, weightlifting, judo, or other ball sports.
Participants were between 18 and 30 years of age. The exclusion criteria were as follows:
(1) known diseases affecting muscle tone and exercise performance; (2) a history of back
or lower-extremity musculoskeletal injury or concussion within the previous 6 months;
(3) any other health condition that would preclude participation in high-intensity exercise;
and (4) any contraindication to tissue flossing, including latex allergy, thrombosis, fracture,
pathological tumor, heart failure, use of high-dose corticosteroids, or use of anticoagu-
lants. Participants were instructed to refrain from caffeine intake and strenuous exercise,
including resistance training for 24 h before testing. Physical characteristics were assessed
(Table 1). Body mass and body fat percentage were measured using a body composition
analyzer (InBody 770; Biospace Inc., Seoul, Korea). This study was approved by the Insti-
tutional Review Board of National Taiwan Sport University (NTSUIRB-113-014). Written
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informed consent was obtained from all participants, and this study was conducted in
accordance with the Declaration of Helsinki.

Table 1. Physical characteristics of the participants.

Physical
Characteristics CON (n = 20) FLOSS (n = 20) p-Values

Age (years) 22.00 (2.40) 21.05 (1.61) 0.150
Height (cm) 172.75 (4.71) 174.55 (4.20) 0.210

Body weight (kg) 72.2 (10.73) 75.45 (15.79) 0.452
BMI (kg/m2) 24.22 (3.59) 24.70 (4.67) 0.717
Body fat (%) 18.32 (6.68) 16.16 (6.04) 0.290

Jump height (m) 0.348 (0.05) 0.360 (0.06) 0.491
Notes. Values are presented as mean (SD). Baseline characteristics were compared between groups us-
ing independent samples t tests. BMI: body mass index; Jump height: countermovement jump height.

2.2. Study Design

Figure 1 summarizes the experimental design. Because the repeated bout effect may
influence the magnitude of muscle damage and the time course of recovery [22], a crossover
design was not used in the present study. After all participants had been recruited and com-
pleted baseline (T1) testing, pairs were formed based on CMJ height, and one investigator,
who also recruited and enrolled the participants, generated a computer-based random-
ization sequence to allocate one participant in each pair to the flossing group (FLOSS,
n = 20) and the other to the control group (CON, n = 20). The investigator concealed group
allocation until immediately before the intervention. Owing to the nature of the floss band
application, participants and the investigators conducting the measurements, including the
MyotonPRO (MyotonPRO; Myoton AS, Tallinn, Estonia) assessments, could not be blinded.
However, the force-plate data were anonymized and processed by an investigator blinded
to group allocation. Each participant received only one intervention condition. Outcome
measures included (1) CMJ braking-phase variables (primary outcomes); (2) CMJ and SJ per-
formance, and (3) passive mechanical properties. These variables were assessed at baseline
(T1), immediately after the repeated jumping exercise (T2), and after the intervention (T3).

Figure 1. Design of the experimental protocol. CMJ: countermovement jump; SJ: squat jump.
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2.3. Repeated Jumping Exercise Protocol

Participants performed repeated jumps between the floor and a 30 cm box at a ca-
dence controlled by a metronome set at 60 beats/min. Participants were required to keep
their hands on their hips throughout the protocol to minimize the influence of arm swing
on movement performance. The protocol was terminated if a participant was unable
to perform five consecutive repetitions correctly or failed to maintain the prescribed ca-
dence. No participant met the termination criteria, and all participants completed the full
100 repetitions.

2.4. Tissue Flossing Intervention

The floss band used was a Sanctband COMPRE Floss Blueberry with a size of
5 cm × 3.5 m (CompreFloss; Sanct Japan Co., Ltd., Tokyo, Japan). All floss band applica-
tions were performed by the same specialist with 2 years of experience who had completed
the Easy Tissue Flossing Instructor Course Levels 1–2. Participants were seated with the
ankle positioned at 90◦ dorsiflexion. The floss band was anchored on the dorsum of the foot
and wrapped counterclockwise with 50% overlap from the heel and ankle to approximately
two fingerbreadths below the fibular head (Figure 2B). The band was applied under tension
to approximately 1.5 times its original length; if necessary, 2 bands were connected for
wrapping [23]. Consistent with common clinical practice, elongation was estimated visu-
ally and tactilely rather than measured, and interface pressure was not assessed. Figure 2
illustrates the tissue flossing intervention procedure [14,15]. The CON group performed
the same active movements without floss band application.

Figure 2. Intervention with the tissue flossing band. (A) Direction of floss band application. (B) The
band was wrapped proximally to a point approximately two fingerbreadths below the fibular head.
(C) After wrapping was completed, participants remained still for 1 min. Participants then performed
20 repetitions of ankle plantarflexion and dorsiflexion. After band removal, they rested for 1 min,
and the same procedure was repeated twice more. Each treatment bout lasted 3 min and 20 s, with
3 bouts completed in total (approximately 10 min).

2.5. Measurement of Passive Muscle–Tendon Mechanical Properties

Passive mechanical properties were assessed in a relaxed state using a handheld
myotonometer (MyotonPRO; Myoton AS, Tallinn, Estonia), which has generally shown
high reliability within and between raters across different muscles [24]. The tibialis anterior,
medial gastrocnemius, lateral gastrocnemius, and Achilles tendon of the dominant limb
were evaluated. The dominant limb was defined as the leg each participant preferred to
use to kick a ball. To standardize measurements of the posterior structures, participants lay
prone with their feet hanging freely over the edge of the examination table. Measurement
sites were identified by palpation and marked with a skin-safe marker [9]. The tibialis
anterior site was defined as the proximal one-third of the line between the fibular head
and the medial malleolus, positioned 2 cm lateral to the tibial crest in the transverse plane.
The Achilles tendon site was located 4 cm proximally to the tendon insertion. The lateral
gastrocnemius site was marked at 30% of the distance from the fibular head to the heel, and
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the medial gastrocnemius site at 30% of the distance from the popliteal fossa to the lateral
malleolus [9]. Three consecutive measurements were obtained at each site, and the mean
value was used for analysis. According to the manufacturer’s protocol, the myotonometer
applied a pre-load of 0.18 N followed by a brief mechanical impulse of 0.4 N for 15 ms, and
tissue oscillations were recorded to derive natural oscillation frequency (F, Hz), reflecting
muscle tone, and dynamic stiffness (S, N/m) [25].

2.6. Countermovement Jump Test

All participants were familiarized with the CMJ and SJ procedures before data col-
lection. CMJ performance was assessed using a force plate (9260AA; Kistler Instrumente
AG, Winterthur, Switzerland). Participants stood upright with their hands on their hips
and remained motionless for at least 3 s before initiating the jump. They were instructed
to perform a rapid countermovement and jump as high as possible. Trials in which the
hands left the hips were discarded. Each participant completed three CMJs, recorded at
1000 Hz, and the best trial (highest jump height) was used for analysis. All braking-phase
force–time variables were extracted from the same selected trial. Raw (unfiltered) vertical
force data were used for all analyses. Force–time data were processed using a custom script
in MATLAB (R2017b; MathWorks, Natick, MA, USA) according to McMahon et al. [26].
Movement onset was identified when vertical force fell below body weight by more than
5 SDs of the quiet-standing force. Center-of-mass velocity was obtained by integrating net
force (vertical force minus body weight) divided by body mass. The braking phase was
defined from peak negative velocity (end of unweighting) to zero velocity. Kinetic variables
of interest were braking phase duration, braking rate of force development (braking RFD;
change in force across the braking phase divided by its duration, normalized to body mass),
braking net impulse (area under the net force–time curve during the braking phase), and
peak braking force. Take-off was defined as the moment when vertical force fell below a
threshold equal to 5 SDs of the flight-phase force (calculated over a 300 ms portion of the
flight phase), and touchdown was defined as the moment when force rose above the same
threshold; flight time was defined as the interval between these two events. Jump height
was calculated as 0.5 × g × (flight time/2)2 [10,26].

2.7. Squat Jump Test

Squat jump performance was assessed using a force plate (9260AA; Kistler Instrumente
AG, Winterthur, Switzerland) sampled at 1000 Hz. Participants stood with their feet
shoulder width apart and with their hands on their hips, assuming a standardized semi
squat position with 90◦ knee flexion which was verified with a goniometer before each trial
and performed a maximal vertical jump on verbal command. Countermovement and arm
movement were not permitted. The absence of a countermovement was verified by visual
inspection of the force–time curve; any trial showing a decrease in vertical force below
body weight before the propulsive phase was discarded and repeated. Three valid trials
were completed and the trial with the highest jump height was analyzed. Jump height was
calculated from flight time using the same take-off and touchdown criteria and equation as
for the CMJ, and the eccentric utilization ratio (EUR) was calculated as CMJ height divided
by SJ height (EUR = CMJ/SJ) [10,26].

2.8. Statistical Analysis

Sample size was estimated a priori using G*Power (version 3.1.9, Düsseldorf, Ger-
many) for a repeated-measures ANOVA with a within–between interaction. Assuming
2 groups, 3 measurements, an effect size (f) of 0.25, an alpha level of 0.05, and a power of
0.80, the required minimum size was 28 participants. The data are presented as mean values
(standard deviation, SD). Statistical analyses were performed using SPSS (version 22.0; IBM,
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Armonk, NY, USA), with statistical significance set at α = 0.05. Normality was examined
using Q-Q plots and the Shapiro–Wilk test. A 2 (group: CON vs. FLOSS) × 3 (time: T1, T2,
and T3) mixed-design ANOVA was used to examine interaction effects for each dependent
variable. If Mauchly’s test of sphericity was violated, Greenhouse–Geisser or Huynh–Feldt
corrections were applied. To control for multiple comparisons, p-values associated with the
group by time interaction effects were adjusted using the Holm–Bonferroni correction sepa-
rately within each outcome family (primary braking-phase variables: 4; jump performance:
3; passive mechanical properties: 8) [27]. Bonferroni-adjusted post hoc comparisons were
performed only for outcomes with a significant Holm-adjusted interaction. Within-group
changes and between-group differences in change (∆FLOSS–∆CON) from T2 to T3 were
expressed as mean differences with 95% confidence intervals. Partial eta squared (η2

p) val-
ues were computed as effect size estimates and were defined as small (η2

p = 0.01), medium
(η2

p = 0.06), or large (η2
p = 0.14) [28]. As a sensitivity analysis for the primary outcomes, an

ANCOVA was performed with T3 values as the dependent variable, group as the fixed
factor, and T2 values as the covariate (Supplementary Table S1).

3. Results
All 40 participants completed the study. No significant baseline differences were

observed between groups in participant characteristics or CMJ height (Table 1).

3.1. CMJ Force–Time Variables and Jump Performance

For the primary outcomes regarding CMJ force–time variables, significant group-by-
time interactions were observed for braking phase duration (F = 5.588, p = 0.005, Holm-
adjusted p = 0.015, and η2

p = 0.128) and braking RFD (F = 6.436, p = 0.003, Holm-adjusted
p = 0.012, and η2

p = 0.145; Table 2; Figure 3), and both remained significant after Holm
adjustment. Post hoc within-group comparisons revealed that, from T2 to T3, the FLOSS
group showed significantly decreased braking phase duration (∆ = −0.02 s, p = 0.009)
and increased braking RFD (∆ = 16.1 N·kg−1·s−1, p = 0.004), whereas the CON group
showed no significant changes (all p ≥ 0.409). The between-group differences in change
(∆FLOSS–∆CON) were −0.02 s [95% CI: −0.03, −0.007] for braking phase duration and
23.2 N·kg−1·s−1 [95% CI: 9.9, 36.6] for braking RFD. No significant interactions were
observed for braking net impulse or peak braking force (all Holm-adjusted p > 0.05), nor for
the secondary jump performance outcomes, including CMJ height, SJ height, and EUR (all
Holm-adjusted p > 0.05; Table 2; Figure 4). In the ANCOVA sensitivity analysis adjusting
for T2 values, the between-group differences in braking phase duration (p = 0.577) and
braking RFD (p = 0.070) were not statistically significant (Supplementary Table S1).

Table 2. Changes in countermovement jump and squat jump variables at T1, T2, and T3 in the CON
(n = 20) and FLOSS (n = 20) groups.

Outcome Group
Mean (SD) Change from T2 to T3 Group × Time Interaction

T1 T2 T3
Within-Group

∆ [95% CI]
∆FLOSS–∆CON

[95% CI] F p Holm-
Adjusted p ηp

2

Primary outcomes: CMJ braking-phase variables
Braking phase
duration CON 0.13

(0.02)
0.13

(0.02)
0.14

(0.01) 0.01 [−0.01, 0.02] −0.02 5.588 0.005 0.015 * 0.128

(s) FLOSS 0.16
(0.03)

0.18
(0.03)

0.16
(0.01) −0.02 [−0.03, −0.003] † [−0.03, −0.007]

Braking RFD CON 121.8
(27.1)

115.5
(28.5)

108.4
(21.3) −7.1 [−18.8, 4.6] 23.2 6.436 0.003 0.012 * 0.145

(N·kg−1·s−1) FLOSS 92.6
(30.6)

81.9
(31.3)

98.0
(33.1) 16.1 [4.5, 27.8] † [9.9, 36.6]

Braking net
impulse CON 93.3

(22.0)
91.4

(21.8)
90.8

(22.3) −0.6 [−5.8, 4.6] −2.4 1.411 0.250 0.500 0.036

(N·s) FLOSS 97.4
(21.0)

100.4
(22.1)

97.4
(19.4) −3.0 [−8.2, 2.2] [−8.4, 3.6]
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Table 2. Cont.

Outcome Group
Mean (SD) Change from T2 to T3 Group × Time Interaction

T1 T2 T3
Within-Group

∆ [95% CI]
∆FLOSS–∆CON

[95% CI] F p Holm-
Adjusted p ηp

2

Peak braking
force CON 1137.2

(172.1)
1112.5
(199.8)

1077.8
(160.7) −34.6 [−102.7, 33.4] 66.6 1.146 0.320 0.500 0.029

(N) FLOSS 1056.0
(223.9)

1005.3
(191.7)

1037.2
(158.4) 32.0 [−36.0, 100.0] [−11.1, 144.4]

Secondary outcomes: jump performance
CMJ height CON 0.35

(0.05)
0.35

(0.05)
0.33

(0.05) −0.02 [−0.03, 0.003] 0.01 1.758 0.182 0.364 0.044

(m) FLOSS 0.36
(0.06)

0.36
(0.06)

0.36
(0.06) −0.003 [−0.02, 0.01] [−0.002, 0.03]

SJ height CON 0.34
(0.04)

0.33
(0.04)

0.32
(0.04) −0.02 [−0.03, 0.001] −0.01 0.894 0.407 0.407 0.023

(m) FLOSS 0.35
(0.06)

0.34
(0.06)

0.32
(0.05) −0.03 [−0.04, −0.01] [−0.03, 0.007]

EUR CON 1.04
(0.14)

1.05
(0.07)

1.05
(0.09) 0.003 [−0.05, 0.06] 0.07 3.483 0.036 0.108 0.084

(a.u.) FLOSS 1.03
(0.09)

1.07
(0.07)

1.14
(0.09) 0.07 [0.01, 0.10] [0.003, 0.1]

Notes. Values are mean (SD); square brackets denote 95% confidence intervals. Within-group ∆:
change from T2 to T3 (descriptive). ∆FLOSS–∆CON: between-group difference in change from T2 to
T3. F and p: group × time interaction from the mixed-design ANOVA, testing whether the pattern
of change over time differed between groups. Holm-adjusted p: Holm-adjusted p-value within
each outcome family (primary: 4 variables; jump performance: 3 variables). The 95% CIs were not
adjusted for multiple comparisons and refer to the T2-to-T3 contrast, whereas Holm-adjusted p-values
refer to the omnibus group × time interaction across T1–T3; therefore, a CI excluding zero does not
indicate a significant adjusted interaction. Secondary outcomes are interpreted as exploratory. RFD,
rate of force development; CMJ, countermovement jump; SJ, squat jump; EUR, eccentric utilization
ratio; a.u., arbitrary units. * Significant interaction after Holm adjustment (padj < 0.05). † Significant
within-group change from T2 to T3 (Bonferroni-adjusted post hoc), reported only for outcomes with a
significant adjusted interaction.

Figure 3. Schematic normalized illustrations of countermovement jump braking-phase force–time
characteristics in the CON and FLOSS groups. For each participant, T3 values for braking phase
duration, braking rate of force development, peak braking force, and braking net impulse were
normalized to the corresponding T2 values (T2 = 100%) and subsequently averaged within each
group. The schematic T3 curves were generated from the group-mean normalized braking duration,
braking RFD, and peak braking force, while the normalized braking net impulse is presented as
an additional descriptive outcome. The curves do not represent individual raw force–time trials or
directly averaged group waveforms. CON, control group; FLOSS, tissue flossing group; RFD, rate of
force development. * Indicates a significant Bonferroni adjusted post hoc difference between T2 and
T3 within the same group (p < 0.05).

3.2. Passive Muscle–Tendon Mechanical Properties

For the secondary passive muscle–tendon mechanical properties, tibialis anterior
muscle tone and stiffness showed nominally significant interactions before adjustment
(F = 3.308, p = 0.042, η2

p = 0.08; F = 5.186, and p = 0.008, η2
p = 0.12; Figure 4D,E), but
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these did not remain significant after adjustment (Holm-adjusted p = 0.294 and 0.064,
respectively). No significant interactions were observed for the medial gastrocnemius,
lateral gastrocnemius, or Achilles tendon (all Holm-adjusted p > 0.05; Table 3).

Figure 4. Changes in selected passive mechanical properties and jump variables in the CON and
FLOSS groups. (A) countermovement jump heigh (CMJ JH); (B) squat jump height (SJ JH); (C) ec-
centric utilization ratio (EUR); (D) Tibialis anterior (TA) muscle tonet; and (E) TA passive stiffness.
Bars represent mean ± SD. To facilitate interpretation of the magnitude of change, percentage change
from T2 to T3 was calculated for each participant as ∆% = [(T3 − T2)/T2] × 100, and group mean
percentage changes are presented above the bars.

Table 3. Changes in passive muscle–tendon mechanical properties at T1, T2, and T3 in the CON
(n = 20) and FLOSS (n = 20) groups.

Outcome Group
Mean (SD) Change from T2 to T3 Group × Time Interaction

T1 T2 T3
Within-Group

∆ [95% CI]
∆FLOSS–∆CON

[95% CI] F p Holm-
Adjusted p ηp

2

Passive mechanical properties
TA frequency CON 22.0

(2.7)
22.9
(3.0)

21.5
(2.2) −1.4 [−2.6, −0.3] 1.5 [0.2, 2.8] 3.308 0.042 0.294 0.080

(Hz) FLOSS 23.5
(2.1)

24.2
(2.5)

24.2
(2.1) 0.1 [−1.1, 1.2]

TA stiffness CON 448.5
(82.7)

485.0
(104.8)

431.5
(68.4) −53.4 [−88.2, −18.8] 53.4 [13.7, 93.1] 5.186 0.008 0.064 0.120

(N/m) FLOSS 466.0
(48.0)

505.9
(73.2)

505.7
(62.3) −0.2 [−34.9, 34.6]

MG frequency CON 17.0
(2.2)

17.6
(1.8)

17.0
(1.8) −0.6 [−1.2, 0.1] 0.4 [−0.3, 1.1] 0.626 0.515 1.000 0.016

(Hz) FLOSS 17.4
(1.9)

18.1
(1.9)

17.9
(2.1) −0.2 [−0.8, 0.5]

MG stiffness CON 292.3
(32.5)

305.0
(33.3)

288.3
(26.0) −16.7 [−31.6, −1.7] 12.5 [−4.6, 29.6] 1.718 0.186 1.000 0.043

(N/m) FLOSS 290.0
(26.3)

302.4
(32.9)

298.2
(23.9) −4.2 [−19.2, 10.8]

LG frequency CON 16.9
(1.8)

17.8
(2.0)

17.3
(1.7) −0.5 [−1.2, 0.1] −0.1 [−0.8, 0.7] 0.277 0.759 1.000 0.007

(Hz) FLOSS 18.1
(1.3)

18.7
(2.0)

18.1
(1.7) −0.6 [−1.3, 0.1]

LG stiffness CON 294.5
(35.4)

312.3
(46.1)

297.2
(30.5) −15.0 [−30.0, −0.1] 4.0 [−13.1, 21.1] 0.569 0.568 1.000 0.015

(N/m) FLOSS 319.3
(23.0)

328.4
(32.9)

317.3
(28.7) −11.1 [−26.0, 3.9]

AT frequency CON 22.9
(3.5)

23.9
(3.7)

22.8
(3.2) −1.1 [−3.0, 0.9] 0.3 [−1.9, 2.5] 1.302 0.278 1.000 0.033
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Table 3. Cont.

Outcome Group
Mean (SD) Change from T2 to T3 Group × Time Interaction

T1 T2 T3
Within-Group

∆ [95% CI]
∆FLOSS–∆CON

[95% CI] F p Holm-
Adjusted p ηp

2

(Hz) FLOSS 25.6
(3.6)

24.8
(4.2)

24.0
(3.1) −0.8 [−2.7, 1.1]

AT stiffness CON 496.2
(131.6)

523.4
(134.5)

493.9
(110.2) −29.6 [−99.4, 40.3] 21.0 [−58.9, 100.8] 0.847 0.433 1.000 0.022

(N/m) FLOSS 559.8
(116.0)

536.5
(130.3)

527.9
(115.2) −8.6 [−78.4, 61.3]

Notes. Values are mean (SD); square brackets denote 95% confidence intervals. Within-group ∆:
change from T2 to T3 (descriptive). ∆FLOSS–∆CON: between-group difference in change from T2
to T3. F and p: group × time interaction from the mixed-design ANOVA. Holm-adjusted p: Holm-
adjusted p-value within the passive mechanical property family (8 variables). The 95% CIs were not
adjusted for multiple comparisons and refer to the T2-to-T3 contrast, whereas Holm-adjusted p-values
refer to the omnibus group × time interaction across T1–T3; therefore, a CI excluding zero does not
indicate a significant adjusted interaction. Secondary outcomes are interpreted as exploratory; no
interaction remained significant after adjustment; post hoc comparisons were not performed. TA,
tibialis anterior; MG, medial gastrocnemius; LG, lateral gastrocnemius; AT, Achilles tendon.

4. Discussion
The principal finding was that calf and ankle tissue flossing may have altered the CMJ

braking strategy after repeated jumping but did not improve jump performance. Compared
with active ankle movement alone, flossing was followed by a greater decrease in braking
phase duration and a greater increase in braking RFD from T2 to T3, both of which remained
statistically significant after Holm adjustment, whereas no statistically significant change
was observed for braking net impulse. In contrast, flossing did not produce robust changes
in jump height, EUR, or passive muscle–tendon mechanical properties once multiple
comparisons were accounted for, although tibialis anterior tone and stiffness showed
nominal interactions that should be interpreted with caution. Thus, the hypothesis was
only partially supported.

4.1. Jump Performance and Force–Time Variables

This study revealed that, in the mixed-design ANOVA, flossing after repeated jumping
exercise significantly increased braking RFD and reduced braking phase duration, without
a statistically significant interaction between group and time for braking net impulse.
This pattern suggests that participants in the FLOSS group adopted a more rapid and
concentrated braking strategy, in which the shorter braking phase was accompanied by
a faster rate of force development, thereby maintaining a similar braking net impulse
(Figure 3) [26]. Although the functional relevance of this response was not tested, a shorter
braking phase could be relevant to situations in which the transition from braking to
propulsion is time-limited. In many sport situations, athletes are required to repeatedly
land, decelerate, and rapidly prepare for the next jump or change in movement direction.
This interpretation is consistent with CMJ force–time research emphasizing the braking
phase as a key transition phase and with the broader literature on the RFD and stretch–
shortening cycle, highlighting the importance of rapid force development during time-
limited explosive actions [26,29,30]. From a practical perspective, these findings suggest
that ankle tissue flossing may acutely modify the CMJ braking strategy following repeated
jumping exercise; however, whether this altered braking pattern represents a functional
or recovery-related benefit remains to be determined. Previous tissue flossing studies
have reported inconsistent effects on jump performance, with some observing only small
or limited benefits [15,16,31], which may partly reflect the fact that jump height alone is
insufficient to capture changes in phase specific movement strategy [10,26]. These findings
should be interpreted considering the baseline differences between groups. Although
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participants were pair-matched on CMJ height and randomized within pairs, the FLOSS
group showed a longer braking phase duration and lower braking RFD than the CON group
at T1 and T2, indicating that matching on jump height did not ensure balance in braking-
phase strategy. When T3 values were adjusted for T2 values, the between-group differences
were attenuated and did not reach statistical significance, although the direction of the
braking RFD effect was consistent with the primary analysis (Supplementary Table S1).
Because this sensitivity analysis addresses only the T2 to T3 change, whereas the mixed-
design ANOVA evaluates the pattern across all three time points, the two analyses are
complementary; however, regression to the mean cannot be excluded. Therefore, the
present findings should be regarded as preliminary and require confirmation in studies
with balanced baseline braking characteristics.

In contrast to the changes in braking characteristics, flossing did not produce robust
changes in CMJ height, SJ height, or EUR. This is consistent with the inconsistent effects of
tissue flossing on jump performance reported in previous studies. Ankle flossing has been
reported to produce small improvements in single-leg jump performance in recreational
athletes [15], whereas only trivial or non-significant effects on CMJ performance were
observed in a follow-up study and in elite rugby players [31,32]. Other studies showed that
thigh flossing did not change jump height [16] and even reduced CMJ height in another
study [33]. Notably, lower-leg flossing preserved the reactive strength index after running-
induced fatigue [34]. However, the present study did not provide evidence that flossing
preserved SSC performance, as the EUR did not differ between groups after adjustment.
Moreover, because the EUR is a ratio of CMJ to SJ performance, any change may result from
maintained CMJ performance, reduced SJ performance, or both, and may also be associated
with poorer SJ RFD; therefore, it does not directly demonstrate enhanced stretch–shortening
cycle function [13,29]. Taken together, these findings suggest that CMJ force–time analysis
can reveal postexercise changes in movement strategy that are not captured by jump height
alone [10,26].

4.2. Changes in Passive Muscle–Tendon Mechanical Properties

In contrast to the changes in CMJ braking characteristics, passive muscle–tendon
mechanical properties did not provide robust evidence of an intervention effect. No
group-by-time interactions for the tibialis anterior, gastrocnemius, or Achilles tendon
remained significant after correction for multiple comparisons, which is broadly consistent
with previous tissue-flossing studies. Previous studies have reported that, following
ankle flossing, the range of ankle motion showed moderate-to-large effect sizes without
significant changes in tensiomyography-derived muscle parameters [17], and that calf
flossing increased the range of dorsiflexion motion without altering overall muscle and
fascial hardness [18]. Conversely, tissue flossing has been reported to reduce hamstring
stiffness, although its flexibility gains were not superior to those of dynamic stretching [35].
These findings suggest that functional and passive mechanical responses to flossing do not
necessarily occur together; however, because the direction and anatomical location of these
responses vary across studies, such results should be interpreted with caution. Several
mechanisms have been proposed, including myofascial gliding, reactive hyperemia, and
neurophysiological effects [16–18], but these mechanisms were not assessed in the present
study. Moreover, the two measurement approaches reflect different levels of function.
MyotonPRO assesses superficial tissue properties under resting conditions, whereas the
CMJ involves dynamic, high-velocity loading. Therefore, passive mechanical properties and
dynamic jump performance provide complementary information, but the direct relationship
between them remains to be established.
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Although floss band elongation and overlap were carried out following previously
reported procedures [20,23], and floss band stretch force has been shown to increase with
elongation [36], these measurements do not establish the interface pressure delivered during
wrapping. This distinction is important because the effects of flossing appear to be pressure-
dependent. Galis and Cooper [37] reported that calf flossing at 150 mmHg improved ankle
dorsiflexion range of motion and power, whereas application at 200 mmHg produced
negligible effects. Similarly, in patients with chronic ankle instability, medium-pressure
application (150 mmHg) produced longer-lasting improvements in dynamic stability and
proprioception compared with high-pressure application (200 mmHg) [38]. These findings
suggest that greater compression does not necessarily confer greater benefits. Because
pressure-measuring devices are typically unavailable in clinical and sports settings, band
tension in the present study was estimated visually and tactilely rather than measured, thus
reflecting the effects of tissue flossing under real-world conditions. However, differences
in limb circumference, tissue characteristics, and wrapping technique may have led to
variation in the pressure applied [16–18,23]. In the present study, the prescribed elongation
should therefore be interpreted as an application target rather than a quantified compression
dose. Accordingly, this study cannot determine whether the observed effects were related
to the compression pressure applied.

4.3. Practical Implications and Limitations

The main practical implication of this study is that calf and ankle flossing may be
more relevant for acutely modulating CMJ braking-phase force–time characteristics than
for improving jump height or explosive propulsive capacity. Accordingly, flossing should
not be regarded as an established performance-enhancing or recovery strategy. Whether
these acute changes in braking-phase force–time characteristics translate into meaningful
improvements in subsequent performance or recovery requires further investigation. In
addition, CMJ force–time variables, rather than jump height alone, may be useful for
monitoring acute responses to such interventions.

This study has several limitations. First, no sham wrapping condition was included,
and participants could not be blinded to group allocation; therefore, expectancy or nonspe-
cific sensory effects cannot be excluded. Second, wrapping pressure was not standardized
or monitored. Although this choice reflects applied sport practice, in which practitioners
commonly adjust band tension without pressure sensors, it limits intervention repro-
ducibility. Third, MyotonPRO assesses passive mechanical properties under static relaxed
conditions and cannot directly represent dynamic or functional loading, including active
muscle tension, individual subtendon tensile stiffness, or internal tendon load distribu-
tion. Fourth, the mechanistic interpretation focused primarily on the calf muscles and
Achilles tendon. Because the CMJ is a multijoint movement requiring coordinated hip,
knee, and ankle extension, the absence of measurements from major proximal muscle
groups such as the gluteus maximus and quadriceps limited assessment of whole-limb
kinetic adjustments. In addition, the lack of physiological or perceptual fatigue markers
limited verification of the neuromuscular fatigue induced by the repeated jumping protocol.
Finally, because the sample consisted of healthy male college students rather than elite
athletes, the findings may not generalize to other sexes, athletic backgrounds, sports, or
high-level competitive settings. In addition, despite pair matching on CMJ height, the
groups differed in braking-phase variables at T1 and T2, and the primary findings were not
robust to ANCOVA adjustment for T2 values; therefore, regression to the mean cannot be
excluded, and these findings should be regarded as preliminary.
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5. Conclusions
This study showed that a brief calf and ankle tissue flossing intervention was asso-

ciated with a greater decrease in braking phase duration and a greater increase in the
braking rate of force development, from immediately postexercise to postintervention in
the countermovement jump after repeated jumping exercises, without changes in jump
height, eccentric utilization ratio, or passive muscle–tendon mechanical properties. How-
ever, these findings were not confirmed by the ANCOVA sensitivity analysis and should
be interpreted cautiously given the baseline differences between groups. These findings
suggest a possible acute modification of the countermovement jump braking strategy
rather than an improvement in jump performance, providing preliminary evidence of acute
changes in selected CMJ force–time variables. Therefore, incorporating countermovement
jump force–time analysis, passive muscle mechanical properties, and related performance
variables may provide a more detailed assessment of acute postexercise responses and
movement strategy modulation.
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//www.mdpi.com/article/10.3390/app162010411/s1, Table S1: ANCOVA sensitivity analysis of the
primary outcomes with significant group × time interactions (T3 adjusted for T2) in the CON (n = 20)
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