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Abstract
Background: Ankle orthotics decreases the maximal vertical jump height. It is essential to maximize jump
height and minimize ground contact time during athletic performance. However, the effect of ankle
orthotics on athletic performance has not been reported. We aimed to investigate the effect of ankle
orthotics on squat jump (SJ), countermovement jump (CMJ), and repetitive rebound jump (RJ)
performance and the relationship between jump performance and restriction in sagittal ankle range of
motion.

Methods: Twenty healthy volunteers performed SJ, CMJ, repetitive RJ under no-orthosis and two orthotic
conditions (orthosis 1 and orthosis 2). During SJ and CMJ, we measured the vertical ground reaction
force and calculated the following parameters: jump height, peak vertical ground reaction force, rate of
force development, net vertical impulse, and peak power. During repetitive RJ, the jump height, contact
time, and RJ index were measured. A two-dimensional motion analysis was used to quantify the ankle
range of motion in the sagittal plane during SJ, CMJ, and repetitive RJ.

Results: Multivariate analysis of variance and the post hoc test showed a signi�cant decrease in the
vertical jump height (p = 0.003), peak power (p = 0.007), and maximum plantar�exion and dorsi�exion
angles (p <0.001) during SJ using orthosis 2 compared to those using the no-orthosis condition.
Additionally, orthosis 2 signi�cantly decreased the jump height at the end of repetitive RJ (p = 0.046),
during which a signi�cant negative correlation was found between jump height and maximum
dorsi�exion angle (r = 0.485, p = 0.030).

Conclusions: An ankle orthosis-induced restriction of dorsi�exion is associated with a reduction in jump
height during static jump and repetitive RJ performance. 

Background
Ankle orthotics is a common measure for preventing ankle sprain. Meta-analyses have shown that ankle
orthotics is effective for the primary and secondary prevention of acute ankle injuries among athletes
[1]. Nevertheless, ankle orthotics may have a negative impact on athlete performance in activities such as
sprinting [2], cutting [3], jump landing [4,5], and vertical jumping [2]. Furthermore, there is a consensus that
ankle orthotics reduces the vertical jump height [6–12]. This may be due to a decrease in the ankle range
of motion (ROM) in the sagittal plane [10,11], rectus femoris and calf muscle activity [8,9,11], or vertical
ground reaction force (VGRF) [8,12].

However, since the ankle orthosis-related decrease in jump height is small (0.013 m), it is controversial
whether ankle orthotics in�uences vertical jump performance during practice or competition. Moreover,
the in�uence of ankle orthotics on jump performance varies depending on the sport type and competition
level [10]. Most previous studies focused on the maximum jump height for static vertical jumps such
as squat jump (SJ) [8–10] or countermovement jump (CMJ) [6–8,11]; hence, some studies [6,12] pointed
out the difference between the experimental situation and the actual �eld situation. Certainly, the
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maximum jump height is an essential factor for athletic performance. Nonetheless, when a basketball
player jumps to get a rebound ball or a volleyball player jumps to block a spiked ball, they repetitively
jump vertically to maximize jump height and minimize the time taken to attain the maximum point.
Consequently, based on results obtained during the SJ and CMJ, there is a limitation in concluding the
impact of ankle orthosis use on the jumping performance. Therefore, the measurement of parameters
other than jump height during more realistic jump movements is required.

Reactive strength may be used to assess the athlete’s ability to attain maximum jump height and
minimum ground contact time during repetitive rebound jump (RJ) [13]. It also indicates an athlete’s
ability to rapidly generate force under a high eccentric load [14]. Jump height, ground contact time,
and reactive jump index (ratio of jump height and ground contact time) were used as parameters in
previous studies to evaluate jump performance in the sports �eld [15]. However, no study has investigated
whether the use of ankle orthotics decreases repetitive RJ performance. 

Therefore, we aimed to investigate the in�uence of ankle orthotics on SJ, CMJ, and repetitive RJ
performance, and the relationship between jump performance and dorsi-plantar�exion ROM in healthy
adults.

Methods
Participants

Twenty recreationally active volunteers (15 men and 5 women) agreed to participate in the study (mean ±
standard deviation [SD] of age, body height, weight, and body mass index: 23.9 ± 2.5 years, 168.4 ± 8.41
cm, 61.8 ± 12.5 kg, and 21.6 ± 3.1 kg/m2, respectively) after being informed about this study protocol.
The study protocol was approved by the Ethics Committee for epidemiology of XXX University (approval
number: E-2268). All subjects provided informed consent for their participation in the
study. “Recreationally active” was de�ned as participation in at least 150 min of moderate activity per
week for at least 6 months prior to the study [16]. Participants were experienced in athletics, basketball,
baseball, classical ballet, badminton, football, tennis, swimming, or volleyball. We excluded participants
with lower extremity injury and symptoms, previous lower extremity surgery prior to the study, vestibular
disease, or neurological impairments.

Study design and procedures

This study used a laboratory-based and repeated-measures test design. To determine the in�uence of
ankle orthotics on jump performance and dorsi-plantar�exion ROM, we used the following experimental
protocol with participants in a barefoot condition (no-orthosis) and two orthotics conditions (orthosis 1
and orthosis 2) with different restrictions on dorsi-plantar�exion. Filmista (Nippon Sigmax, Japan) and
A1 (Nippon Sigmax, Japan) orthotics were used for orthosis 1 and 2 conditions, respectively. Participants
wore correctly sized orthotics on both ankles. A certi�ed orthotist instructed participants on how to wear
the orthotics using demonstrations. Figure 1 shows the composition of the orthotics used in this study.
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Orthosis 1 consists of three thin layers (Figure 1A). It has two surfaces made of soft and hard urethane
�lms with different elasticities. The hard �lm is found in the middle layer and is designed to limit
excessive ankle inversion without restricting the ROM of the ankle joint in the sagittal plane. Orthosis 2
consists of three different straps on the fabric, covering the ankle joint with medial and lateral stays
(Figure 1B). Stirrup, biceps, and distal tibio�bular joint straps are applied to prevent excessive ankle
inversion, based on the medical taping concept. These ankle orthotics were made by the same
manufacturer; however, orthosis 1 had less restriction on ankle inversion than orthosis 2. Participants
successively repeated the same jump exercises under the three abovementioned conditions following
a randomized order. A jump session was de�ned as a period during which a participant performed static
jumps and RJ under one of the above conditions. All parameters were measured over a 3-day period for
each participant. Participants completed a jump session under one condition per day, with a minimum of
24 h of rest between each jump session.

Vertical jump performance tests

Participants performed a 5-min warm-up exercise before undergoing the vertical jump performance tests.
They received explanations on how to perform SJ, CMJ, and RJ and practiced these vertical jumps. To
perform the SJ, they started by folding their hands and squatting with their hips and knees �exed to
approximately 45  and their feet placed a shoulder width apart on a force plate (Technology Service,
Nagano, Japan). After 1–2 s, the examiner instructed the participants to jump vertically and forcefully. To
perform the CMJ, they began by folding their hands and standing upright with their feet placed
approximately a shoulder width apart on the force plate. After 1–2 s, they rapidly descended into a
45  semi-squat position and jumped vertically with maximum effort. Five sets, each of SJ and CMJ, were
performed. Participants took as many breaks as needed between each set to avoid fatigue.

The repetitive RJ performance was assessed using the OptojumpTM system (Microgate, Bolzano, Italy),
consisting of two infrared photocell bars with one bar acting as a transmitter unit containing 96 light-
emitting diodes positioned 3 mm above the ground, and the other bar acting as a receiver unit.
Participants were instructed to keep their hands on their hips to avoid upper-body interference, jump, and
land on the same spot, with legs extended then �exed, while looking ahead. They were also instructed to
maximize the jump height and minimize the ground contact time. In a previous study, this method of RJ
assessment achieved interday reliability [17]. When a participant performed the repetitive RJ within a
parallel bar con�guration, the light from the light-emitting diode was interrupted by the participant’s foot
during the jump, triggering the timer in the unit and recording the interruption with a sampling frequency
of 1000 Hz. Two sets of seven repetitive RJs were performed with intermittent 5-min resting periods.

Analysis of the vertical jump performance

SJ and CMJ performances were analyzed using the VGRF, recorded by a force plate with a sampling
frequency of 1000 Hz. Based on previous studies [18], jump height [cm], rate of force development (RFD)
[N/s], vertical impulse [Ns], peak power [W], and maximum VGRF (VGRFmax) [N] were calculated using
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MATLAB (R2020b, Math Works GK, Tokyo, Japan). The jump height was estimated as follows: jump
height = (1/2 × Tair × g)2 × (2g)-1. Tair represents the �ight time [s] from the force record on the force
plate, and g the acceleration due to gravity (9.81 m/s2). The RFD was calculated as: RFD = (VGRFmax –
minimum VGRF [VGRFmin]) / Δt1, where Δt1 indicates the change in time [s] between 20% and 80% of
the total time from the VGRFmin to the VGRFmax. VGRFmin was de�ned as the lowest value of the VGRF
during the contact phase before increasing to VGRFmax. VGRFmax was de�ned as the peak of the VGRF
occurring for the �rst time if two peaks were applicable. The net vertical impulse was calculated as VGRF
× Δt2 – body weight ×Δt2, where Δ2 indicates the change in time [s] from the point at which the VGRF
equated with the body weight to the point at which VGRF fell below the body weight. Peak mechanical
power was calculated from the vertical jump height and body weight as (60.7 × jump height [cm]) + (45.3
× body height [cm]). The RFD and VGRFmax were normalized using the body weight [kg] to calculate the
relative RFD and relative VGRFmax.

OptojumpTM proprietary software (OptojumpTM Next software, version 1.9.9.0, Bolzano, Italy) was used to
automatically calculate RJ performance variables (jump height [cm], contact time [s], and RJ index (RJ
index) [m/s]). The RJ index was estimated as: RJ index = 1/8 × g × Tair2 / contact time. Of the seven
repetitive jumps in the second set, the second, third, fourth, and �fth jumps were included in the analysis.
The individual performance variables per RJ (second, third, fourth, �fth, and sixth jumps) and their means
were used for further statistical analysis.

Analysis of the sagittal ankle joint motion

Two-dimensional motion analysis for sagittal ankle joint motion was performed simultaneously with the
vertical performance test parameters (SJ, CMJ, and RJ). Three re�ective markers were placed on the
dominant leg on the lateral aspect of the tibial plateau, lateral malleolus, and lateral aspect of the base of
the �fth metatarsal [10]. The markers were applied by the same examiner. A video camera was positioned
at a distance of 1.5 m perpendicular to the edge of the force plate or OptoJumpTM device to capture the
trajectory of the marker from the sagittal plane with a sampling frequency of 240 Hz. ImageJ software
(National Institutes of Health, Maryland, USA) was used for the analysis. The maximum dorsi�exion
angle, plantar�exion angle at toe-off, and dorsi-plantar�exion ROM were calculated by connecting three
points [10], as shown in Figure 2. The ROM was de�ned as the difference between the plantar�exion
angle at toe-off and the maximum dorsi�exion angle. For each joint angle, the mean angle from the �ve
jumps was used as the representative value. Additionally, the individual angle of the second set of RJ
was used for further analysis. 

Statistical analysis

A one-factor (type of orthosis: no-orthosis, orthosis 1, orthosis 2) repeated-measures multivariate analysis
of variance (MANOVA) was used to determine the in�uence of ankle orthotics on the variables of jump
performance and ankle ROM. MANOVA was conducted for each type of jump (SJ, CMJ, RJ). A univariate
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analysis of variance (ANOVA) and Tukey method for pairwise comparisons were conducted on any
signi�cant �ndings.

To determine the difference in the effect of ankle orthosis use on each RJ-related variable (jump height,
contact time, and RJ index) and the angle for sagittal ankle motion by the number of RJs, a two-factor
(type of orthosis: no-orthosis, orthosis 1, orthosis 2 × number of RJ: second, third, fourth, �fth, and sixth)
repeated-measures MANOVA was initially conducted. As a follow-up analysis, a two-factor ANOVA was
conducted on any signi�cant �ndings. If the main or interaction effect was observed, the Tukey method
of pairwise comparisons was also performed. Additionally, to explore the relationship between the RJ-
related variables and the angle of sagittal ankle motion during RJs, a Pearson’s product moment
correlation coe�cient was computed for the variables that were signi�cant by pairwise comparisons. A
statistical signi�cance was de�ned as p < 0.05 in all statistical tests used in this study. 

Results
Table 1 summarizes the mean ± SD of the measurement variables in this study and their levels of
statistical signi�cance. MANOVA showed a signi�cant difference in the vertical jump performance only
during SJ performance (p = 0.021) under orthotic conditions; the vertical jump performances were not
signi�cantly different for participants who performed CMJ (p = 0.118) and RJ (p = 0.391). The mean
jump height, peak power, and angle of sagittal ankle motion during SJ performance systematically
decreased in the following order: no-orthosis, orthosis 1, and orthosis 2 conditions. Pairwise comparisons
after univariate analysis showed a signi�cant decrease in the vertical jump height (p = 0.003), peak power
(p = 0.007), and sagittal ankle ROM (p < 0.001) during SJ performance using orthosis 2 compared to the
same parameters measured under no-orthosis conditions.

Figure 3 shows the temporal changes in jump height, contact time, and RJ index during repetitive RJ,
depending on the orthosis condition. The jump height signi�cantly decreased only at the sixth RJ under
the orthosis 2 condition compared to that under the no-orthosis condition. At the sixth RJ, as shown in
Figure 4, the angle of maximum dorsi�exion, plantar�exion at toe-off, and their ROMs were restricted
under the orthosis 2 condition, which was a signi�cant change compared to that under the no-orthosis
condition (p < 0.001). Figure 5 presents the relationship between jump height and sagittal ankle ROM at
the sixth RJ based under the orthotics condition. A signi�cant negative correlation was found between
jump height and maximum dorsi�exion angle under the orthosis 2 condition (r = -0.485, p = 0.030).

Discussion
This study aimed to investigate the effect of ankle orthotics with different degrees of restriction of the
ankle ROM in the sagittal plane, particularly on repetitive RJ performance. A signi�cant relationship
between dorsi�exion angle and a decrease in jump height was observed only in the orthosis 2 condition,
which had the higher restriction on the ankle joint. This suggests that a large ankle orthosis-induced
restriction in the ankle ROM results in decreases in the jump height during repetitive RJ.
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The repetitive jump heights increased with the number of jumps under the no-orthosis condition, but not
under orthotic conditions; the difference in jump height was signi�cant at the end of RJ. A previous study
reported that the stretch-shortening cycle, enabling the production of high muscle forces and elastic
energy storage [19], is a key muscle ability during repetitive RJ [20] because it allows for an explosive
release of stored energy for subsequent jumps. Thus, ankle orthotics may interfere with this normal
function during repetitive RJ. The sagittal ankle ROM was signi�cantly restricted in the orthosis 2
condition during repetitive RJ. Additionally, the dorsi�exion ROM was signi�cantly correlated with jump
height only in the orthosis 2 condition. Importantly, maximum dorsi�exion occurs during the landing
phase, which coincides with the critical period of force storage and may affect the energy released for the
following jump phase. Therefore, this study indicated that the use of an ankle orthosis decreases
repetitive RJ performance due to restricted ankle ROM in the sagittal plane.

The jump height, peak power, and ankle ROM were systematically decreased in SJ in the order of no-
orthosis, orthosis 1, and orthosis 2 conditions. Moreover, a signi�cant difference was recorded in these
parameters between the orthosis 2 and no-orthosis condition. Mann et al. [10] reported that two ankle
orthotics with similar restrictive functions decreased jump height and ankle ROM in the sagittal plane
during SJ; these parameters did not signi�cantly change under the no-orthosis condition in this previous
study. Another study found a decrease in peak power and jump height during SJ [21]. These studies
indicate that restricted ankle ROM in the sagittal plane caused by ankle orthotics is associated with
reduced jump height as a result of decreased peak power; these results were corroborated by our study
�ndings. In contrast, the ankle orthotics did not signi�cantly decrease jump height in CMJ and RJ.
Although ankle orthotics tended to decrease jump height, the negative effect of ankle orthotics may
relatively decrease during complex movements. However, additional research including a more detailed
examination of kinematics and kinetics is warranted.

The present study has some limitations. First, it is di�cult to generalize our results to other types of ankle
orthotics. In addition to the soft ankle orthosis used in this study, a semi-rigid ankle orthosis may limit
joint motion by a greater degree. However, the semi-rigid ankle orthosis was not used in this study, and it
is not possible to present the effect of the type of ankle orthosis on repetitive RJ performance. Second,
we did not recruit athletes with ankle sprains or chronic ankle instability; thus, further studies including
these athletes may be required, although ankle orthosis is also used for the primary prevention of ankle
sprains.

Conclusions
This study showed that the orthosis 2 condition, restricting the ankle ROM in the sagittal plane more than
the no-orthosis and orthosis 1 conditions, decreased the vertical jump height during jump from static
positions (SJ and CMJ). Additionally, during repetitive RJ, the jump height increased with the number of
jump times in the no-orthosis condition, but not in the orthotic conditions. Moreover, the �nal jump height
signi�cantly decreased in the orthosis 2 condition compared to that in the no-orthosis condition. Finally,
under the orthosis 2 condition, a correlation was observed between the �nal jump height and maximum
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dorsi�exion angle during repetitive RJ, indicating that an ankle orthosis with a large ROM restriction may
reduce repetitive RJ performance.

Abbreviations
ANOVA, analysis of variance; CMJ, countermovement jump; MANOVA, multivariate analysis of variance;
RFD, rate of force development; RJ, rebound jump; RJ index, RJ index; ROM, range of motion; SD,
standard deviation; SJ, squat jump; VGRF, vertical ground reaction force; VGRFmax, maximum VGRF;
VGRFmin, minimum VGRF
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Figure 1

Ankle orthotics used in this study. A: The long-dotted line indicates the hard �lm in the surface layer. The
short-dotted line indicates the soft �lm in the middle layer. B: The solid line indicates the stirrup strap. The
long-dotted line indicates the biceps strap. The short-dotted line indicates the strap for distal tibio�bular
joints.

Figure 2

Video analysis of maximum dorsi�exion angle (A), plantar�exion at toe-off (B), and dorsi-plantar�exion
ROM (C). ROM, range of motion
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Figure 3

Impact of two types of ankle orthotics on repetitive rebound jump performance. Two-factor (condition:
no-orthosis, orthosis 1, orthosis 2 × number of rebound jumps: second, third, fourth, �fth, sixth) repeated-
measures multivariate analysis of variance showed signi�cant difference in repetitive rebound jump
performance (f = 7.020, p < 0.001). One-factor (condition: no-orthosis, orthosis 1, orthosis 2) repeated-
measures analysis of variance and pairwise comparisons revealed a signi�cant decrease in jump height
in orthosis 2 compared to the no-orthosis condition. † = statistically signi�cant difference (p < 0.01).

Figure 4

In�uence of two types of ankle orthotics on sagittal angle of ankle joint at the sixth rebound jump. † =
statistically signi�cant difference (p < 0.01)
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Figure 5

Relationship between rebound jump performance and the angle of sagittal ankle motion at the sixth
rebound jump in orthotic conditions.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Table1.xlsx

https://assets.researchsquare.com/files/rs-892632/v1/68a73b4d37883b44518a9d95.xlsx

