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ABSTRACT

Background: Elastic ankle supports can eff

ant recurrent ankle sprains but little is known about how

habitual running characteristics such

healthy controls.
Methods: Three-minute s of 20 individuals with CAI and 20 healthy controls were recorded

with a 3D motion ¢ . video cameras. Foot strike patterns were classified as non-rear foot strikes and

nical stability provided by the ankle support might be responsible for changes in foot strike patterns.
yords: Bandage; Ankle sprain; Ankle brace; Orthosis; Prevention

INTRODUCTION overview of systematic reviews, six reviews with 46 individual

reports were unanimous in their consensus that braces and
Consistently over the last years, high incidence rates of ankle taping are effective in the treatment of acute ankle sprains for
sprains have been reported in the general population and among  self-reported function and recurrence [9]. Possible mechanisms
highly active individuals [1,2]. Up to 70% of individuals who that might be responsible for the preventive effects of ankle
sustain an acute ankle sprain continue to suffer from symptoms  supports have been studied in recent years. Depending on the
like pain, inflammation, and weakness known as Chronic Ankle  type of support, mechanical stability is provided [10-12]. Several
Instability (CAI) [1,3,4]. Additionally, to these complaints, studies showed that wearing an ankle support influences
individuals with CAI exhibit altered walking and running ankle  running ankle kinematics [7,12,13]. Especially in the sagittal

kinematics compared to healthy counterparts [58]. In an plane, a brace can reduce ankle angle range of motion during
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running, lead the ankle joint in a more neutral position during
the initial swing phase, and therefore possibly prepare the ankle
to be in a more stable position at the subsequent touchdown
[7,14]. In the frontal plane, results are less consistent and
dependent on the biomechanical foot model used [15].

Sagittal plane ankle angle at touchdown depends highly on
whether the individual strikes with the heel, mid foot, o
forefoot [16]. It is, therefore, reasonable to assume that weari
an ankle brace might also influence foot strike patterns. T
prevalence of rearfoot or non-rearfoot strikes is influenced by

the mechanical stability provided b
the lower leg and foot muscle
stabilizes foot strike foot strikes of
gm weakness or
instability could be e ankle brace
compared to those arts who have sufficient
musculoskeletal e joint complex [22].

Therefore, thij

controls. Results could help to
ence of external ankle joint

Subjects

Twenty young adults with CAI and 20 healthy controls who
volunteered for study participation were recruited from the local
university campus. The definition, inclusion, and exclusion
criteria for CAI individuals were based on the position
statement of Gribble, et al., [23]. For inclusion in the CAI
group, the initial ankle sprain must have occurred at least 12
months and the most recent sprain must have occurred more
than 3 months before the study enrolment. The ankle sprain
had to be associated with inflammatory symptoms (pain,
swelling, and bruising) and led to an interruption of desired
physical activity for at least one day. Additionally, episodes of
“giving way” and/or “feeling of instability” had to be reported
for the injured ankle. The severity of the CAI was tested with
the “Cumberland Ankle Instability Tool” (CAIT) [24]. As
described by Gribble, et al., [23], cutoff points for the CAIT
were scores of < 24. For CAI subjects who suffered ankle sprains
on both ankles, the ankle with the weaker CAIT score was
chosen as the testing limb.

The same questionnaire was also used for the recruitment of
healthy controls. Scores above the previously mentioned cut-off
values were necessary to participate as a control subject. In the
case of equal CAIT scores for both ankles, the preferred leg for
single-leg landing was chosen as the test limb. Exclusion criteria
for both groups included a history of previous surgeries to the
musculoskeletal structures, a fracture in either lower extremity
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. Ethical approval has been obtained
s committee (Protocol number: FSV 18/09).

cumference at the malleoli were taken. The size of the
support (Tricodur TaloMotion life, BSN medical,
Hamburg, Germany) ranging from small (17 cm) to double extra-
arge (29 cm) was chosen according to the ankle circumference.
Two viscoelastic pelottes inside the fabric of the elastic ankle
support provided compression and stabilization of the ankle
[7,25]. Footstrikes were recorded with a 3D motion capture
system (Qualisys, Goteborg, Sweden). Ten infrared cameras and
two high-resolution (1080p) video cameras were directed at an
instrumented treadmill (Bertec Corporation, Columbus
U.S.A)). Measurement conditions (with vs. without ankle
support) were applied in random, counterbalanced order with a
5-minute recovery period between both running trials.

To build a lower body model, 26 passive reflective markers were
attached to specific anatomic landmarks (anterior and posterior
superior iliac spine, lateral side of the greater trochanter, femur
lateral and medial epicondyle, proximal tip of the head of the
fibula, most anterior border of the tibial tuberosity, lateral
prominence of the lateral malleolus, medial prominence of the
medial malleolus, distal aspect of the Achilles tendon insertion
on the calcaneus, dorsal margin of the first, second and fifth
metatarsal head) of the lower extremity according to Leardini, et
al.,, [26]. A onesegment foot model was applied since the
participants were running in their habitual running shoes and
cutting holes for marker placement was not performed. An L-
frame and a calibration wand (length 601.3 mm) were used to
establish the origin of the coordinate system and the recording
volume, respectively. Static calibration was executed during the
still standing of the participant. After familiarization with the
two belted treadmill surface participants walked at a comfortable
walking speed for about one minute. Thereafter the treadmill
speed was gradually increased until the running speed of (2.78
m/s) was reached. Each running trial lasted 180 s.

Data acquisition and statistical analysis

Foot strike patterns were analyzed with Qualisys Track Manager
(version 4.3.0.0 Qualisys, Goteborg, Sweden). Since a pure
forefoot strike is less common among runners [17,27] and is not
always easy to distinguish from a mid-foot strike, both strike
types were classified as a non-rearfoot strike [16]. Some of the
participants changed their strike patterns multiple times per
trial. Therefore, each foot strike of the tested foot was
individually classified by analyzing the foot position at
touchdown with the lower body model of Qualisys Track
Manager and video material and opted against computing an
algorithm that automatically classifies the strike patterns
according to the marker position, ankle angle or force plate data.
Foot strikes in which the heel of the foot contacted the ground
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first were classified as rearfoot strikes. When simultaneous
landing of forefoot and rearfoot was apparent or the forefoot
contacted the ground first the foot strike was classified as a non-
rearfoot strike [16]. One trained member of the research team
classified the foot strikes and in cases where foot strikes were
uncertain, a second trained team member classified the foot
strike and a consensus was established. With a recording
frequency of 200 Hz foot strikes could be analysed at 0.005 s
intervals. Statistical analyses were performed with JASP (JASP
Team 2020, version 0.14.1) and R (R Core Team, 2020; version
4.1.3). Means and standard deviations are reported in t
descriptive data. Group differences were analysed wi
Student’s ttest. In case equal variance was violated Wel
was applied. The effects of group (CAI vs. controls) an

of rearfoot striking were analyzed with a multi
(random intercepts, multiple foot strikes nested

RESULTS

Table 1 shows descriptive data
healthy controls. The CAI
males (Age: 23.3 + 3.3 ye

+ 8.9 cm, Mass: 68.4
antrol group consisted
nrs, Height: 176.3 +

Control group P

(n=20)
Age (3 23333 25.5+3.4 0.04
Sex (m, f) 8m, 12 f 15m,5f 0.025
Height (cm) 173.3+ 8.9 176.3 + 7.7 0.263
Mass (kg) 68.4 % 11.6 73.8£9.6 0.12
BMI (kg/m2)  22.7+3.0 23.7+23 0.25
CAIT score 16.4 +3.7 288+ 18 <0.001

Table 1: Characteristics of individuals with CAI and healthy
controls (mean + SD). Between-group differences are presented
with p-values.

The number of analyzed foot strikes was nearly identical at both
running conditions (245 + 12 strikes with and 245 + 12 strikes
without ankle support) and in both groups (245 + 13 strikes in
CAI and controls). Out of the 20 CAI patients, n=16 showed
exclusively rearfoot strikes and n=4 exclusively forefoot strikes
during the three-minute running trail without the external ankle
support. Two rearfoot striking CAI patients changed foot strike
patterns while wearing the external joint support towards a more
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t Value Pr (>|z|)
6.836 <0.001
1.662 0.097
0.093 4.502 <0.001
CAl group” -5.846 0.888 -6.583 <0.001
with ankle
support

Table 2: Results of the multilevel-logit regression. Test group,
running condition and their interaction were chosen as the
predicting variables and probability of rearfoot strikes as the
depending variable.

Table 2 shows the results of the multilevel-logit model. The
prevalence of rearfoot striking was higher in the CAI group
compared to the control group but the effect was not significant
(p=0.097). Secondly, the prevalence of rearfoot striking was
higher when subjects were running with ankle support
(p<0.001). The group by ankle support interaction for foot
strikes was also significant (<0.001) indicating that the
prevalence of rearfoot striking increased significantly for the
control group but decreased for the CAI group.

DISCUSSION

The goal of the study was to examine the influence of an elastic
ankle support on foot strike patterns in individuals with CAI
and healthy counterparts. Our results show that wearing an
ankle support overall increased the probability of rearfoot
striking. The interaction effect between both predictors (group
and ankle support condition) was significant indicating that the
probability of rearfoot striking increased significantly for the
control group but decreased for the CAI group. To our
knowledge, this is the first study that examined the effect of
ankle support on foot strike patterns. Previous reports for
running demonstrated the effect of ankle support on ankle
kinematics in healthy controls and specifically in the sagittal
plane in individuals with CAI . We hypothesized this effect may
be, at least partially, a result of a change in foot strike patterns.
Although our primary hypothesis was partially confirmed by our
results the mechanisms for this phenomenon are not fully
understood. Ankle kinematics are commonly presented as
angles throughout the gait cycle while foot strike patterns have a
different data pattern. Previous examinations are inconsistent at
which part of the gait cycle individuals with CAI differ in
sagittal ankle angles from healthy controls. This leads to
uncertainty about which of these phases is crucial for the effect
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of the joint support . Tamura, et al., and Stotz, et al., both
showed decreased sagittal ankle angles at the toe-off phase when
the ankle is at maximal plantar flexion during running.
However, in theory, ankle sprains occur during the touchdown
when ground reaction forces get applied on the unstable ankle .
In this phase, both authors reported no significant differences.
Previous results about the effect of ankle support on ankle
kinematics in CAI and healthy populations cannot be directly
compared with our results for foot strike patterns. For instance,
out of the six control group subjects who changed their foot
strike patterns when wearing elastic ankle support, three subjects
increased, and three subjects reduced the amount of rearfo
strikes. The associated increments and decrements in sagi

ankle angles might balance each other and therefore no chan!
in ankle angles of the six subjects would be detectab
Nevertheless, we assume that changes in foot strikg

like the changes in ankle kinematics are the res
mechanical instability through a range of motio
provided by the ankle support .

effect on joint position

participants with recur,

ile ankle support did not improve
ar excursion balance test or the hopping

improveq@rticipants' perceptions of confidence, stability, and
reassurance®nd also decreased anxiety for injury or re injury .
Further research using e.g., placebo tapes is needed to examine
whether psychological factors of ankle support can influence

foot strike patterns.

Due to the preventive effect of ankle support on recurrent
sprains, we also expected that foot strikes of subjects with CAI
could be more influenced by the ankle brace compared to those
of healthy counterparts. However, this was not confirmed by the
results of the present study. More subjects in the control group
(n=6) changed foot strike patterns during the ankle support
conditions than the CAI groups (n=2). Previous studies already
reported a high adaptability of foot strike patterns to changing
external and internal conditions such as fatigue, running speed,
or footwear conditions . The increase in non-rearfoot strikes
when running barefoot or with minimalist shoes has often been
attributed to the lack of cushioning and shoe weight as well as a
higher flexibility of the foot . The elastic ankle support we used
for the current study did not change ankle range of motion John
t al. and the shoes were the same in both running conditions.
Thus, we regarding the
mechanisms responsible for the higher prevalence of rearfoot

can only speculate underlying

strikes when using ankle support. One reason might be a change
in ankle stiffness and knee stiffness that has already been
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al. Another possibility §
support leading t

A few limitations need to be addressed in the context our
unning trials were relatively short and therefore our
not provide further information on how the ankle
influences strike patterns in long-distance running or
cued states. We assume that the effect may be even stronger
because runners tend to switch their foot strikes with increased
distance and it has been shown that changes in ankle kinematics
persist through 25-30 min of exercise . The running speed was
set at a fixed speed for all trials. It has been shown that running
speed influences foot strikes and forefoot strikes are more
prevalent with higher speeds . Therefore, it is unknown how
faster or slower running speeds would interact with the ankle
support. We did not analyze the effect of the elastic ankle
support on the contralateral leg. In some CAI subjects, one
ankle was affected, and others had ankle sprains in both ankles.
Therefore, analyses of heterogeneous ankles seemed inadequate.
Lastly, the difference in age and sex distribution between groups
might have influenced our results. Although they are not
specific predictors for foot strike patterns they generally

results.
study

influence components like muscles, tendons and bones around
the ankle joint .

CONCLUSION

Foot strike patterns of individuals with CAI and healthy
controls were influenced by an elastic ankle support. Further, an
interaction effect was apparent indicating a group-specific effect
of the ankle support. The mechanical stability provided by the
ankle support might be responsible for the changes in foot strike
patterns. Although further research is necessary on whether the
effect of the ankle support on running patterns is related to the
preventive effect against recurrence sprains the usage of an ankle
support is recommended during the rehabilitation process. Also,
further research with longer running durations or other running
speeds is necessary to further examine the effect of ankle
SUppOrts on running patterns.

AUTHOR CONTRIBUTION

Astrid Zech, Andreas Stotz, Anna Lina Rahlf and Danial
Hamacher planned and designed the study. Andreas Stotz,
Cornelius John, Julian Gmachowski, and Ralf Schwenksbier
performed data collection. Andreas Stotz wrote the manuscript.
Daniel Hamacher and Andreas Stotz performed statistical
analysis and data interpretation. Astrid Zech, Karsten
Hollander, Anna Lina Rahlf and Daniel Hamacher revised and
edited the manuscript.



Stotz MA A, et al.

ACKNOWLEDGEMENT

The authors thank the participants for their time and effort.

FUNDING

We thank BSN medical GmbH for providing the elastic ankl
supports for this study.

CONFLICT OF INTEREST

The authors declare that they have no competing interd

REFERENCES

1. Herzog MM, Kerr ZY, Marshall
of ankle sprains and chronig
2019;54(2):603-610.

2.  Waterman BR, Owens

The epidemiology of

3 2.
4.

23.
5,

24,
6.

Deviations in gait metrics in patients with chronic ankle instability: A
case control study. ] Foot Ankle Surg. 2015;8(2):1-4.

7. Stotz A, John C, Gmachowski ], Rahlf AL, Hamacher D,
Hollander KT, et al. Effects of elastic ankle support on running ankle
kinematics in individuals with chronic ankle instability and healthy
controls. Gait & posture. 2021;87(2):149-155.

8. Chinn L, Dicharry J, Hertel ]J. Ankle kinematics of individuals with
chronic ankle instability while walking and jogging on a treadmill in
shoes. Physical Therapy in Sport. 2013;14(2):232-23.

9. Doherty C, Bleakley C, Delahunt E, Holden S. Treatment and

prevention of acute and recurrent ankle sprain: an overview of

systematic reviews with meta-analysis. BJISM. 2017;51(3):113-125.

Eberbach H, Gehring G, Lange T, Ovsepyan S, Gollhofer A,

Schmal H, et al. Efficacy of a semirigid ankle brace in reducing

mechanical ankle instability evaluated by 3D stresssMRI. ]J. Orthop.

Surg. Res. 2021;16(2):620-623.

11. Alawna M, Mohamed AA. Shortterm and longterm effects of ankle

joint taping and bandaging on balance. Physical Therapy in Sport.

2020;46(2):145-154.

Fuerst P, Gollhofer A, Wenning M, Gehring G. People with

10.

12.

chronic ankle instability benefit from brace application in highly 31.

dynamic change of direction movements. ] Foot Ankle Surg.

2021;14(1):13-14. 32.
13. Parsley A, Chinn L, Lee SY, Ingersoll C, Hertel J. Effect of 3

Different ankle braces on functional performance and ankle range of

motion. Athletic Training & Sports Health Care. 2013;5(2):69-75. 3

14. Tamura K, Radzak KN, Vogelpohl RE, Wisthoff BA, Oba Y,
Hetzler RK, et al. The effects of ankle braces and taping on lower
extremity running kinematics and energy expenditure in healthy, non-

injured adults. Gait & posture. 2017;58(2):108-114.

J Ergonomics, Vol.14 Iss.3 No:1000389

15.

20.

21.

25.

26.

21.

28.

29.

30.

34.

S ely available online

rghem ], Robinson M, Pataky T,
ubjects with ankle instability using a
SSE. 2013;45(3):2129-2136.

Boyer K, Silvernail JF, Hamill ]. Comparison of
thods to determine footfall pattern. Footwear
SP, Kingsley MIC. Foot strike patterns during overground
running: A systematic review and meta-analysis. Sports

nder K, Heidt C, van der BC, Braumann KM, Zech A. Long-
erm effects of habitual barefoot running and walking: A systematic
review. MSSE. 2017;4 (2):752-762.

Hollander K, Liebl D, Meining S, Mattes K, Willwacher S, Zech A.
Adaptation of running biomechanics to repeated barefoot running: A
randomized controlled study. AJSM. 2019;47(2):1975-1983.
Hollander K, Riebe D, Campe S, Braumann KM, Zech A. Effects
of footwear on treadmill running biomechanics in preadolescent
children. Gait & posture. 2014;40(4):381-385.

Hollander K, de Villiers JE, Venter R, Sehner S, Wegscheider K.
Braumann KM. Foot strike patterns differ between children and
adolescents growing up barefoot vs. shod. Int. J. Sports Med.
2018;39(8):97-103.

Fox J, Docherty CL, Schrader ], Hollander TK. de Villiers JE,
Venter R.Eccentric plantar-flexor torque deficits in participants with
functional ankle instability.]. Athl. Train..2008;43 (2): 51-54.
Gribble PA, Delahunt E, Bleakley C, Caulfield B, Docherty C,
Fourchet F, et al. Selection criteria for patients with chronic ankle
instability in controlled research: A position statement of the
International Ankle Consortium. BJSM. 2014;48(2):1014-1018.
Hiller CE, Refshauge KM, Bundy AC, Herbert RC, Kilbreath SL.
The Cumberland ankle instability tool: a report of validity and
reliability testing. Arch. Phys. M.2006; 87 (6): 1235-1241.

John C, Stotz A, Gmachowski ], Rahlf AL, Hamacher D,
Hollander K. Is an Elastic Ankle Support Effective in Improving
Jump Landing Performance, and Static and Dynamic Balance in
Young Adults With and Without Chronic Ankle Instability?. J. Sport
Rehabil .2020; 29 (2): 789-794.

Leardini A, Sawacha Z, Paolini G, Ingrosso S, Nativo R, Benedetti
MG. A new anatomically based protocol for gait analysis in children.
Gait & posture.2007; 26 (2): 560-571.

Kasmer ME, Liu XC, Roberts KG, Valadao JM. Footstrike pattern
and performance in a marathon. I[JSPP.2013; 8 (3): 286-292.
Cordova ML, Ingersoll CD, LeBlanc M]J. Influence of ankle support
on joint range of motion before and after exercise: a meta-analysis.
IJSPP. 2000;30 (2): 170-177.

Drewes LK, McKeon PO, Kerrigan DC, Hertel J. Dorsiflexion
deficit during jogging with chronic ankle instability. IJSPP. 2009;12
(9): 685-687.

Agres AN, Chrysanthou M, Raffalt PC. The Effect of Ankle Bracing
on Kinematics in Simulated Sprain and Drop Landings: A Double-
Blind, Placebo-Controlled Study. AJSM. 2019;47(9):1480-1487.
Hubbard TJ, Cordova M. Effect of ankle taping on mechanical laxity
in chronic ankle instability. FAL 2010;3(2):499-504.

Raymond J, Nicholson LL, Hiller CE, Refshauge KM. The effect of
ankle taping or bracing on proprioception in functional ankle
instability: a systematic review and meta-analysis. JSAMS.2012; 15 (2):
386-392.

Xue X, Ma T, Li Q, Song Y, Hua Y. Chronic ankle instability is
associated with proprioception deficits: A systematic review and meta-
analysis. JSHS. 2021;10 (2) :82-191.

Verhagen EALM, Bay K. Optimizing ankle sprain prevention: a

critical review and practical appraisal of the literature. BJSM.2010; 44
(2): 1082-1088.


https://jfootankleres.biomedcentral.com/articles/10.1186/s13047-021-00480-w
https://jfootankleres.biomedcentral.com/articles/10.1186/s13047-021-00480-w
https://journals.lww.com/jbjsjournal/abstract/2010/10060/the_epidemiology_of_ankle_sprains_in_the_united.3.aspx
https://bjsm.bmj.com/content/39/3/e14
https://bjsm.bmj.com/content/39/3/e14
https://www.clinbiomech.com/article/S0268-0033(13)00178-2/abstract
https://www.clinbiomech.com/article/S0268-0033(13)00178-2/abstract
https://www.clinbiomech.com/article/S0268-0033(13)00178-2/abstract
https://www.sciencedirect.com/science/article/abs/pii/S0268003316000371?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0268003316000371?via%3Dihub
https://jfootankleres.biomedcentral.com/articles/10.1186/s13047-014-0058-1
https://jfootankleres.biomedcentral.com/articles/10.1186/s13047-014-0058-1
https://www.sciencedirect.com/science/article/abs/pii/S0966636221001685?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0966636221001685?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0966636221001685?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1466853X12001149?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1466853X12001149?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1466853X12001149?via%3Dihub
https://bjsm.bmj.com/content/51/2/113
https://bjsm.bmj.com/content/51/2/113
https://bjsm.bmj.com/content/51/2/113
https://josr-online.biomedcentral.com/articles/10.1186/s13018-021-02750-6
https://josr-online.biomedcentral.com/articles/10.1186/s13018-021-02750-6
https://www.sciencedirect.com/science/article/abs/pii/S1466853X20305228?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1466853X20305228?via%3Dihub
https://jfootankleres.biomedcentral.com/articles/10.1186/s13047-021-00452-0
https://jfootankleres.biomedcentral.com/articles/10.1186/s13047-021-00452-0
https://jfootankleres.biomedcentral.com/articles/10.1186/s13047-021-00452-0
https://journals.healio.com/doi/10.3928/19425864-20130213-02
https://journals.healio.com/doi/10.3928/19425864-20130213-02
https://journals.healio.com/doi/10.3928/19425864-20130213-02
https://www.sciencedirect.com/science/article/abs/pii/S0966636217307440?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0966636217307440?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0966636217307440?via%3Dihub
https://journals.lww.com/acsm-msse/fulltext/2013/11000/gait_kinematics_of_subjects_with_ankle_instability.14.aspx
https://journals.lww.com/acsm-msse/fulltext/2013/11000/gait_kinematics_of_subjects_with_ankle_instability.14.aspx
https://www.tandfonline.com/doi/full/10.1080/19424280.2013.799583
https://www.tandfonline.com/doi/full/10.1080/19424280.2013.799583
https://sportsmedicine-open.springeropen.com/articles/10.1186/s40798-021-00369-9
https://sportsmedicine-open.springeropen.com/articles/10.1186/s40798-021-00369-9
https://journals.lww.com/acsm-msse/fulltext/2017/04000/long_term_effects_of_habitual_barefoot_running_and.17.aspx
https://journals.lww.com/acsm-msse/fulltext/2017/04000/long_term_effects_of_habitual_barefoot_running_and.17.aspx
https://journals.lww.com/acsm-msse/fulltext/2017/04000/long_term_effects_of_habitual_barefoot_running_and.17.aspx
https://journals.sagepub.com/doi/10.1177/0363546519849920
https://journals.sagepub.com/doi/10.1177/0363546519849920
https://www.sciencedirect.com/science/article/abs/pii/S0966636214005256?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0966636214005256?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0966636214005256?via%3Dihub
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-0043-120344
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-0043-120344
file:///C:/Users/omics/Downloads/Eccentric%20plantar-flexor%20torque%20deficits%20in%20participants%20with%20functional%20ankle%20instability
file:///C:/Users/omics/Downloads/Eccentric%20plantar-flexor%20torque%20deficits%20in%20participants%20with%20functional%20ankle%20instability
https://www.jospt.org/doi/10.2519/jospt.2013.0303
https://www.jospt.org/doi/10.2519/jospt.2013.0303
https://www.jospt.org/doi/10.2519/jospt.2013.0303
https://www.sciencedirect.com/science/article/abs/pii/S0003999306005193
https://www.sciencedirect.com/science/article/abs/pii/S0003999306005193
https://journals.humankinetics.com/view/journals/jsr/29/6/article-p789.xml
https://journals.humankinetics.com/view/journals/jsr/29/6/article-p789.xml
https://journals.humankinetics.com/view/journals/jsr/29/6/article-p789.xml
https://www.sciencedirect.com/science/article/abs/pii/S0966636207000124?via%3Dihub
https://journals.humankinetics.com/view/journals/ijspp/8/3/article-p286.xml
https://journals.humankinetics.com/view/journals/ijspp/8/3/article-p286.xml
https://www.jospt.org/doi/10.2519/jospt.2000.30.4.170
https://www.jospt.org/doi/10.2519/jospt.2000.30.4.170
https://www.jsams.org/article/S1440-2440(08)00150-3/abstract
https://www.jsams.org/article/S1440-2440(08)00150-3/abstract
https://journals.sagepub.com/doi/10.1177/0363546519837695
https://journals.sagepub.com/doi/10.1177/0363546519837695
https://journals.sagepub.com/doi/10.1177/0363546519837695
https://journals.sagepub.com/doi/10.3113/FAI.2010.0499
https://journals.sagepub.com/doi/10.3113/FAI.2010.0499
https://www.sciencedirect.com/science/article/abs/pii/S1440244012000369
https://www.sciencedirect.com/science/article/abs/pii/S1440244012000369
https://www.sciencedirect.com/science/article/abs/pii/S1440244012000369
https://www.sciencedirect.com/science/article/pii/S2095254620301332?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2095254620301332?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2095254620301332?via%3Dihub
https://bjsm.bmj.com/content/44/15/1082
https://bjsm.bmj.com/content/44/15/1082

Stotz MA A, et al.

35.

36.

37.

38.

39.

40.

Bain KA, Hoch MC, Kosik KB, Gribble PA, Hoch JM.
Psychological impairments in individuals with history of ankle sprain:
a systematic review. Physiother. Theory Pract. 2021.

Delahunt E, McGrath A, Doran N, Coughlan GF. Effect of taping
on actual and perceived dynamic postural stability in persons with
chronic ankle instability. Arch. Phys. M. 2010; 91 (2): 1383-1389.
Sawkins K, Refshauge S. Kilbreath ]. The placebo effect of ankle
taping in ankle instability. MSSE. 2007;39 (1): 781-787.

Hunt E, Short S. Collegiate Athletes’ Perceptions of Adhesive Ankle
Taping: A Qualitative Analysis. J. Sport Rehabil. 2006;15(1) :280-
298.

Larson P, Higgins E, Kaminski ], Decker T, Preble J, Lyons D. Foot
strike patterns of recreational and sub-elite runners in a long-distance
road race. J. Sports Sci.2011; 29 (2): 1665-1673.

Hollander K, Argubi-Wollesen A, Reer R, Zech A. Comparison of

minimalist footwear strategies for simulating barefoot running: a

randomized crossover study. PloS one.2015 10 (2): ¢0125880.

J Ergonomics, Vol.14 Iss.3 No:1000389

41.

. Steib S, Rahlf AL, Pfeifer K,

OPEN a ACCESS Freely available online

Megalaa T, Hiller CE, Ferreira GE, Beckenkamp PR, Pappas E.

The effect of ankle supports on lower limb biomechanics during
functional tasks: A systematic review with meta-analysis. JSAMS.2022;
25 (2): 615-630.

elmont PJ, Cameron KL, Svoboda SJ, Alitz CJ,
tors for syndesmotic and medial ankle sprain: role

of sex, sport, and 1&vel of competition. AJSM. 2011; 39 (2): 992-998.


https://www.tandfonline.com/doi/full/10.1080/09593985.2021.1920079
https://www.tandfonline.com/doi/full/10.1080/09593985.2021.1920079
https://www.sciencedirect.com/science/article/abs/pii/S0003999310003606
https://www.sciencedirect.com/science/article/abs/pii/S0003999310003606
https://www.sciencedirect.com/science/article/abs/pii/S0003999310003606
https://journals.lww.com/acsm-msse/fulltext/2007/05000/the_placebo_effect_of_ankle_taping_in_ankle.4.aspx
https://journals.lww.com/acsm-msse/fulltext/2007/05000/the_placebo_effect_of_ankle_taping_in_ankle.4.aspx
https://journals.humankinetics.com/view/journals/jsr/15/4/article-p280.xml
https://journals.humankinetics.com/view/journals/jsr/15/4/article-p280.xml
https://www.tandfonline.com/doi/abs/10.1080/02640414.2011.610347
https://www.tandfonline.com/doi/abs/10.1080/02640414.2011.610347
https://www.tandfonline.com/doi/abs/10.1080/02640414.2011.610347
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0125880
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0125880
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0125880
https://www.sciencedirect.com/science/article/abs/pii/S1440244022000421
https://www.sciencedirect.com/science/article/abs/pii/S1440244022000421
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2017.00920/full
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2017.00920/full
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2017.00920/full
https://journals.lww.com/acsm-msse/fulltext/2010/03000/neuromuscular_training_for_sports_injury.1.aspx
https://journals.lww.com/acsm-msse/fulltext/2010/03000/neuromuscular_training_for_sports_injury.1.aspx
https://www.tandfonline.com/doi/full/10.1080/14763141.2016.1226381
https://www.tandfonline.com/doi/full/10.1080/14763141.2016.1226381
https://journals.sagepub.com/doi/10.1177/0363546510391462
https://journals.sagepub.com/doi/10.1177/0363546510391462

	Contents
	Evaluating The Effect of Elastic Ankle Support On Running Foot Strike Patterns: A Comparison of Chronic Ankle Instability Patients with Healthy Controls
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Subjects
	Testing procedure
	Data acquisition and statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	AUTHOR CONTRIBUTION
	ACKNOWLEDGEMENT
	FUNDING
	CONFLICT OF INTEREST
	REFERENCES




