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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), coun-
termovement jump (CMJ), and repetitive rebound jump (RJ) performance.

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 fol-
lowing 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 orthosis 2 significantly decreased in the verti-
cal jump height (p=0.003), peak power (p=0.007), and maximum plantarflexion and dorsiflexion angles (p <0.001)
during SJ Ankle orthoses 1 and 2 did not influence to the RJ performance compared to those using the no-orthosis
condition. Additionally, orthosis 2 significantly decreased the jump height at the end of repetitive RJ (p =0.046).

Conclusions: These results suggest that ankle orthosis do not affect average RJ performance but should be consid-

ered when performing repetitive jumps frequently.
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Background

Ankle orthotics is a common measure for prevent-
ing ankle sprain. Meta-analyses have shown that ankle
orthotics is effective for the primary and secondary pre-
vention of acute ankle injuries among athletes [1]. Nev-
ertheless, 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 orthot-
ics reduces the vertical jump height [6-12]. Also, the
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features of ankle orthoses should be considered as they
affect jumping performance [8]. Ankle orthoses are bio-
mechanically designed using a wide variety of materials
to control, limit, and immobilize the motion for ankle
joint. This effect of jump performance may be due to a
decrease in the ankle range of motion (ROM) in the sag-
ittal plane [10, 11], rectus femoris and calf muscle activ-
ity [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) [10], it is controversial
whether ankle orthotics influences vertical jump perfor-
mance during practice or competition. Most previous
studies focused on the maximum jump height for static
vertical jumps such as squat jump (SJ) [8—10] or coun-
termovement jump (CM]J) [6—8, 11] not for repetitive
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rebound jump. 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 (R]) [13]. It also indicates an athlete’s ability to rap-
idly 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 per-
formance in the sports field [15]. However, no study has
investigated whether the use of ankle orthotics decreases
repetitive R] performance.

Therefore, we aimed to investigate the influence of
ankle orthotics on SJ, CMJ, and repetitive R] perfor-
mance, and the relationship between jump performance
and dorsi-plantarflexion ROM in healthy adults by using
different type of ankle orthosis. We hypothesized that 1)
ankle orthoses decrease SJ and CM] performance (as in
previous studies [6-11]), while do not affect R] perfor-
mance, but 2) the effect on jumping performance more
pronounced as the degree of plantar dorsiflexion range-
of-motion restriction increases.

Methods

Participants

Twenty recreationally active volunteers (15 men and 5
women) agreed to participate in the study (mean % stand-
ard 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 21.643.1 kg/m? respectively) after
being informed about this study protocol. The study
protocol was approved by the Ethics Committee for epi-
demiology of Hiroshima University (approval number:
E-2268). All subjects provided informed consent for
their participation in the study. “Recreationally active”
was defined as participation in at least 150 min of mod-
erate activity per week for at least 6 months prior to the
study [16]. Participants were experienced in athletics,
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basketball, baseball, classical ballet, badminton, football,
tennis, swimming, or volleyball. We excluded partici-
pants with lower extremity injury and symptoms, previ-
ous lower extremity surgery prior to the study, vestibular
disease, or neurological impairments.

Study design and procedures

This study used a laboratory-based and repeated-meas-
ures test design. To determine the influence of ankle
orthotics on jump performance and dorsi-plantarflex-
ion 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-plantarflexion. Film-
ista (Nippon Sigmax, Japan) and Al (Nippon Sigmax,
Japan) orthotics were used for orthosis 1 and 2 condi-
tions, respectively. Participants wore correctly sized
orthotics on both ankles. A certified orthotist instructed
participants on how to wear the orthotics using demon-
strations. Figure 1 shows the composition of the orthotics
used in this study. Orthosis 1 consists of three thin lay-
ers (Fig. 1A). It has two surfaces made of soft and hard
urethane films with different elasticities. The hard film is
found in the middle layer and is designed to limit exces-
sive ankle inversion with softly 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 (Fig. 1B). Stirrup,
biceps, and distal tibiofibular joint straps are applied to
prevent excessive ankle inversion, based on the medical
taping concept. These ankle orthoses were made by the
same manufacturer; however, orthosis 1 had less restric-
tion on ankle inversion than orthosis 2. Participants
successively repeated the same jump exercises under
the three abovementioned conditions following a ran-
domized order. A jump session was defined as a period
during which a participant performed static jumps and

A: orthosis | (Filmista Ankle)

the strap for distal tibiofibular joints

Fig. 1 Ankle orthotics used in this study. A: The long-dotted line indicates the hard film in the surface layer. The short-dotted line indicates the soft
film 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

B: orthosis 2 (A1)
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R] 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 con-
dition 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, CM]J, and
RJ and practiced these vertical jumps. To perform the
SJ, they started by folding their hands and squatting with
their hips and knees flexed 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 S] and CM]J, were performed. Partici-
pants took as many breaks as needed between each set to
avoid fatigue.

The repetitive R] performance was assessed using the
Optojump’" system (Microgate, Bolzano, Italy), consist-
ing 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 flexed, 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 R] within a parallel
bar configuration, 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 inter-
ruption with a sampling frequency of 1000 Hz. Two sets
of seven repetitive RJs were performed with intermittent
5-min resting periods.

Before all protocols were performed, participants prac-
ticed three times each for S] and CM] and one set (six
repetitive jumps) for RJ.

Analysis of the vertical jump performance

SJ and CM]J performances were analyzed using the VGRE,
recorded by a force plate with a sampling frequency of
1000 Hz, using a zero-lag, fourth-order, low-pass But-
terworth filter with a cutoff frequency of 20 Hz. Based
on previous studies [18], jump height [cm], rate of force
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development (RFD) [N/s], vertical impulse [Ns], peak
power [W], and maximum VGRF (VGRFmax) [N] were
calculated using MATLAB (R2020b, Math Works GK,
Tokyo, Japan). The jump height was estimated as follows:
jump height=(1/2 x Tair x g)*> x (2 g)~'. Tair represents
the flight time [s] from the force record on the force plate,
and g the acceleration due to gravity (9.81 m/s?). The
RFD was calculated as: RFD = (VGRFmax—minimum
VGRF [VGRFmin]) / Atl, where Atl indicates the change
in time [s] between 20 and 80% of the total time from the
VGRFmin to the VGRFmax. VGRFmin was defined as
the lowest value of the VGRF during the contact phase
before increasing to VGRFmax. VGRFmax was defined
as the peak of the VGRF occurring for the first time if
two peaks were applicable. The net vertical impulse was
calculated as VGRF x At2 body weight x At2, where A2
indicates the change in time [s] from the point at which
the VGRF equated with the body weight to the point at
which VGREF fell below the body weight. Peak mechanical
power was calculated from the vertical jump height and
body weight as (60.7 x jump height [cm]) + (45.3 x body
height [cm]). The RFD and VGRFmax were normalized
using the body weight [kg] to calculate the relative RFD
and relative VGRFmax.

Optojump™ proprietary software (Optojump ™ Next
software, version 1.9.9.0, Bolzano, Italy) was used to auto-
matically calculate RJ performance variables (jump height
[cm], contact time [s], and R] index (R] index) [m/s]). The
RJ index was estimated as: RJ index=1/8 x g x Tair* /
contact time. Of the seven repetitive jumps in the sec-
ond set, the second, third, fourth, and fifth jumps were
included in the analysis. The individual performance var-
iables per R] (second, third, fourth, fifth, 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, CM]J, and R]J). Three
reflective 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 fifth metatarsal [10].
The markers were applied by the same examiner. A video
camera was positioned at a distance of 1.5 m perpendicu-
lar to the edge of the force plate or OptoJump'" device
to capture the trajectory of the marker from the sagittal
plane with a sampling frequency of 240 Hz. Image] soft-
ware (National Institutes of Health, Maryland, USA) was
used for the analysis. The maximum dorsiflexion angle,
plantarflexion angle at toe-off, and dorsi-plantarflexion
ROM were calculated by connecting three points [10],
as shown in Fig. 2. The ROM was defined as the differ-
ence between the plantarflexion angle at toe-off and the
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Range of motion

Fig. 2 Video analysis of maximum dorsiflexion angle (A), plantarflexion at toe-off (B), and dorsi-plantarflexion ROM (C). ROM, range of motion

maximum dorsiflexion angle. For each joint angle, the
mean angle from the five jumps was used as the repre-
sentative value. Additionally, the individual angle of the
second set of R] 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 influ-
ence of ankle orthotics on the variables of jump perfor-
mance and ankle ROM. MANOVA was conducted for
each type of jump (SJ, CMJ, R]). A univariate analysis of
variance (ANOVA) and Tukey method for pairwise com-
parisons were conducted on any significant findings.

To determine the difference in the effect of ankle ortho-
sis use on each RJ-related variable (jump height, con-
tact time, and RJ index) and the angle for sagittal ankle
motion by the number of RJs, a two-factor (type of ortho-
sis: no-orthosis, orthosis 1, orthosis 2 x number of RJ:
second, third, fourth, fifth, and sixth) repeated-meas-
ures MANOVA was initially conducted. As a follow-up
analysis, a two-factor ANOVA was conducted on any
significant findings. If the main or interaction effect was
observed, the Tukey method of pairwise comparisons
was also performed. Another repeated-measure analysis
of variance and pairwise comparisons was conducted to
determine the difference in the number of R] (second,
third, fourth, fifth, and sixth) regard to jump height, con-
tact time, and R] index respectively.

A post hoc power analysis was performed to calculate
the statistical power for primary outcome using G*Power
3.1.9.2 [19]. A significant level was set at P value of <0.05.
All statistical tests were performed using the SPSS®
software.

Results

Table 1 summarizes the mean=+SD of the measurement
variables in this study and their levels of statistical signifi-
cance. MANOVA showed a significant difference in the
vertical jump performance only during S] performance
(p=0.021) under orthotic conditions; the vertical jump
performances were not significantly different for partici-
pants who performed CMJ (p =0.118) and R] (p=0.391).
The mean jump height, peak power, and angle of sagit-
tal 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 significant 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 meas-
ured under no-orthosis conditions.

Figure 3 shows the temporal changes in jump height,
contact time, and R] index during repetitive RJ, depend-
ing on the orthosis condition. The jump height significantly
decreased only at the sixth R] under the orthosis 2 condi-
tion compared to that under the no-orthosis condition. In
non-orthosis condition, the second jump height was less



Morikawa et al. BMC Sports Science, Medicine and Rehabilitation

(2022) 14:88

Page 5 of 8

Table 1 Mean =+ standard deviation of measurement variables during squat, counter movement, and rebound jumps under three

conditions and their level of statistical significance

No-orthosis orthosis 1 orthosis 2 p-value® effect size (f) signiﬁcanceb
Squat jump
Jump height, cm 266+52 265+53 253+£55 0.003 0.594 no-orthosis, 1 vs 2
RFD, N/s 260241158 2798+ 1182 2682+ 1203 0.633 0.157
rRFD, N/kg/s 429+203 463+194 4514233 0.643 0.153
Vertical impulse, Ns 166.14+49.2 162.54+449 1684£54.6 0417 0.217
PeakPower, W 2356+ 706 2339+676 22744687 0.007 0.543 no-orthosis vs 2
VGRFmax, N 14214308 14244277 1428 +286 0939 0.055
r'VGRFmax, N/kg 23.0£22 23.1+21 232423 0.831 0.101
Maximum dorsiflexion angle, degree 120.6+5.5 1254+68 127.3+50 <0.001 0.811 no-orthosis vs 1, 2
Plantarflexion angle at toe off, degree 171.2+58 167.1£69 163.3+45 <0.001 1.077 no-orthosis vs 1 vs 2
ROM, degree 503+4.7 416+54 358+39 <0.001 2409 no-orthosis vs 1 vs 2
Countermovement jump
Jump height, cm 283+56 283+55 278+59 N/A N/A
RFD, N/s 3277 £1878 2971£1615 30621877 N/A N/A
rRFD, N/kg/s 5394292 49.2+£264 50.74+30.5 N/A N/A
Vertical impulse, Ns 15744334 1412+375 154.8+38.38 N/A N/A
PeakPower, W 24594742 2448 +705 2423£718 N/A N/A
VGRFmax, N 13914299 13564271 13784284 N/A N/A
r'VGRFmax, N/kg 225+20 220+£21 224+£26 N/A N/A
Maximum dorsiflexion angle, degree 1176476 122.7+6.7 1245+6.1 <0.001 0.703 no-orthosis vs 1, 2
Plantarflexion angle at toe off, degree 1709+63 167.3+£6.7 163.9+4.6 <0.001 0.883 no-orthosis vs 1 vs 2
ROM, degree 533+£55 445456 393+38 <0.001 1.940 no-orthosis vs 1 vs 2
Repetitive rebound jump
Jump height,cm 263166 260472 251+6.1 N/A N/A
contact time, s 0.22+£0.04 0.22+0.04 0.24+£0.08 N/A N/A
Rebound jump index, m/s 1264034 1244031 1.18+0.31 N/A N/A
Maximum dorsiflexion angle, degree 1249+84 1288+74 1314+68 <0.001 1.784 no-orthosis vs 1, 2
Plantarflexion angle at toe off, degree 170076 1659+74 163.8+4.2 <0.001 1.652 no-orthosis vs 1, 2
Range of motion, degree 449475 368+6.0 324454 <0.001 1.825 no-orthosis vs 1 vs 2

a: P-values indicate the results of the statistical analysis of pairwise comparisons. RFD Rate of force development; rRFD Relative rate of force development; VGRFmax
Maximum vertical ground reaction force; rVGRFmax Relative maximum vertical ground reaction force; ROM range of motion. b: This significance was obtained from
the multiple comparison with the Bonferroni correction and described the large and small relationships that were less than p <0.05. P-values were calculated using
multivariate analysis of variance with repeated measures (no-orthosis, orthosis 1, and orthosis 2).

than the sixth jump height. At the sixth R], as shown in
Fig. 4, the angle of maximum dorsiflexion, plantarflexion at
toe-off, and their ROMs were restricted under the orthosis
2 condition, which was a significant change compared to
that under the no-orthosis condition (p <0.001).

The post hoc power analysis showed the power of 92.2%
with an effect size (f) of 0.740 for the primary outcome
(RJ-index).

Discussion

This study aimed to investigate the effect of ankle orthot-
ics with different degrees of restriction of the ankle
ROM in the sagittal plane, particularly on repetitive R]

performance. Ankle orthoses did not influence on repeti-
tive R] performance (contact time, jump height, RJ index).
On the other hand, when analyzed by number of repeti-
tive RJs, we observed unusual jump performance: jump
heights were higher in the sixth than in the second in the
no-orthosis condition, but there was no significant differ-
ence between any number of jumps in both of orthosis
1 and 2 conditions. Furthermore, the sixth jump height
in the orthosis 2 condition was significantly lower than
in the no-orthosis condition. These results suggest that
ankle orthosis does not affect average R] performance but
should be considered when performing repetitive jumps
frequently.
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The repetitive jump heights increased with the num-
ber of jumps under the no-orthosis condition, but
not under orthotic conditions; the difference in jump
height was significant at the end of R]. A previous study
reported that the stretch—shortening cycle, enabling
the production of high muscle forces and elastic energy
storage [20], is a key muscle ability during repetitive R]
[21] 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.
Additionally, the sagittal ankle ROM was significantly
restricted in the orthosis 2 condition during repetitive
R]. Importantly, maximum dorsiflexion occurs dur-
ing the landing phase, which coincides with the criti-
cal period of force storage and may affect the energy
released for the following jump phase.

The jump height, peak power, and ankle ROM were
systematically decreased in SJ in the order of no-ortho-
sis, orthosis 1, and orthosis 2 conditions. Moreover, a
significant difference was recorded in these parameters
between the orthosis 2 and no-orthosis condition. Hen-
derson et al. [9] reported that two ankle orthotics with
similar restrictive functions decreased jump height and
ankle ROM in the sagittal plane during SJ; these param-
eters did not significantly change under the no-orthosis
condition in this previous study. Another study found a
decrease in peak power and jump height during SJ [22].
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 find-
ings. In contrast, the ankle orthotics did not significantly
decrease jump height in CMJ and RJ. Although ankle
orthotics tended to decrease jump height, the negative
effect of ankle orthotics may relatively decrease dur-
ing complex movements. Although additional research
including a more detailed examination of kinematics and
kinetics is warranted, it is possible that the sagittal range
of motion restriction caused by the wearing orthosis pre-
vented normal lower extremity power exertion, leading
to a more pronounced loss of jumping performance in SJ,
which requires relatively pure lower extremity function
compared to CMJ and R]J.

The present study has some limitations. First, it is dif-
ficult 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
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on repetitive R] performance. Second, we did not recruit
athletes with ankle sprains or chronic ankle instabil-
ity; thus, further studies including these athletes may
be required, although ankle orthosis is also used for the
primary prevention of ankle sprains. Third, this study
did not control for the presence or frequency of ankle
brace use, so that different results may be obtained in
athletes who require ankle braces. Fourth, the experi-
ment was conducted with socks and shoes removed,
the effect of ankle orthoses should be considered for
each sporting situation. Fifth, although the certified
orthotist fitted all participants with their ankle ortho-
sis, it was unable to objectively standardize the degree
of skin compression caused by the ankle orthosis. Sixth,
this study did not measure the ankle joint motion on
the frontal plane (inversion and eversion). Therefore,
comprehensive measurements for ankle joint motions
from the multiple planes are needed to explore findings
related to ankle sprains. Seventh, this study did not assess
the lower extremity range of motion. Therefore, it was
not possible to consider differences in lower extremity
range of motion between participants. Eighth, this study
recruited the participants regardless of a kind of sports so
that the modifying effect of a kind of sports needs to be
investigated.

Conclusions

The orthosis 2, which relatively restricted the range of
plantar-dorsiflexion motion among orthotic condition,
decreased the jumping height in SJ. However, CMJ and
repetitive R], which required more complex jumping
performance, were not influenced by any ankle orthoses
use. On the other hands, when analyzed by number of
repetitive RJs, jump height increased significantly with
each repetition in the no-orthosis condition, but did not
change in the orthosis 1 and 2 conditions. In addition, in
the sixth jump height, orthosis 2 was significantly lower
than no-orthosis. Therefore, this study indicates that
ankle orthosis does not affect average R] performance but
should be considered when performing repetitive jumps
frequently.
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