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Abstract

Lateral ankle sprain is a common orthopedic injury with
a very high recurrence rate in athletes. After decades
of research, it is still unclear what contributes to the
high recurrence rate of ankle sprain, and what is the
most effective intervention to reduce the incident of
initial and recurrent injuries. In addition, clinicians often
implement balance training as part of the rehabilitation
protocol in hopes of enhancing the neuromuscular
control and proprioception of the ankle joint. However,
there is no consensus on whether the neuromuscular
control and proprioception are compromised in unstable
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ankles. To reduce the prevalence of ankle sprains, the
effectiveness of engaging balance training to enhance
the neuromuscular control and proprioception of the
ankle joint is also questionable.
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Core tip: Lateral ankle sprain is a common orthopedic
injury with a high recurrence rate. However, there is
no consensus on whether neuromuscular control and
proprioception are compromised in unstable ankles,
and whether proprioception training can reduce initial
and recurrent ankle injuries. The purpose of this review
is to discuss the etiology and intervention of initial
and recurrent ankle sprains, focusing on the role of
neuromuscular control and proprioception at the ankle
joint. This review can provide clinicians the knowledge
of constructing better examination protocols and
rehabilitation programs for individuals with the unstable
ankle.

Hung Y. Neuromuscular control and rehabilitation of the unstable
ankle. World J Orthop 2015; 6(5): 434-438 Available from: URL:
http://www.wjgnet.com/2218-5836/full/v6/i5/434.htm DOI: http:/
dx.doi.org/10.5312/wjo.v6.15.434

INTRODUCTION

Ankle sprains are among the most common muscu-
loskeletal injuries with an estimated 23000 accidents
occur daily in the United States'™. Ankle sprains
constitute up to 45% in sports related injuries™,and
basketball players are more vulnerable to ankle
sprains (41.1% prevalence) than other athletes®. The
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terminology of “sprain” indicates that the structural
integrity of the ligament, which functions as a joint
stabilizer, has been compromised. For the ankle joint,
the ligaments on the lateral portion of the ankle
(especially the anterior talo-fibular ligament) are most
vulnerable to injuries. Lateral ankle sprains are likely
the result of a fast combined motion of ankle plantar
flexion and inversion, and such motion can occur
when an individual lands on an uneven surface with a
single limb™. It was reported that lateral ankle sprain
comprises up to 83% of ankle injuries™.

After the initial ankle sprain, mechanical restraints
(e.g., injured ligaments, joint capsule), muscle strength,
and/or neuromuscular control (e.g., proprioception
deficits) may be compromised at the ankle joint®*®,
As the result, 73% of the individuals who had sprained
their ankles before are likely to experience recurrent
injuries'®’. Despite decades of research on ankle
sprain, is it unclear if compromised neuromuscular
control and proprioception of the ankle joint contributes
to initial and/or recurrent ankle sprains. Moreover, it
is also unclear if neuromuscular training is effective in
reducing the incidents of initial and/or recurrent ankle
injuries.

Proprioception is an important element of the neuro-
muscular control. With proper proprioception, one may
be able to timely detect the speed and magnitude of
perturbation and react with proper muscle activation
and joint motion. It is inconclusive if subjects with
ankle instability experience proprioception deficits, and
there is no standard testing and training protocols for
ankle proprioception. The aim of this review is to discuss
neuromuscular control and proprioception of the ankle
joint, their potential deficits in unstable ankles, and the
effectiveness of incorporating neuromuscular control
training as part of the rehabilitation program.

INITIAL ANKLE SPRAIN

The ankle (talocrural) joint stability is achieved by
weight loading on the bony structures (osseous con-
gruity), proper activation of active stabilizers (muscles
and their tendons), and maintaining the integrity of
passive stabilizers (ligaments and joint capsule). The
ankle joint reaches a stable position (closed packed
position) with maximal dorsiflexion, and it becomes
more unstable (subject to greater inversion) with
plantar flexion. At its most vulnerable position (plantar
flexion with inversion) for lateral ankle sprain, the
3 lateral ligaments (anterior talo-fibular ligament,
calcaneo-fibular ligament, and posterior talo-fibular
ligament) play the primary stabilization role at the ankle
joint!®®). As a passive stabilizer, one cannot voluntarily
tighten the ligament. Although ligament strength could
be enhanced through proper loading and exercise,
strength improvement in ligaments is very limited®!).
Neuromuscular control encompasses both reflexes
and voluntary muscle responses. For reflex responses,
sudden muscle length changes and the speed of
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changes would be detected by the muscle spindles
of those stretched muscles (e.g., peroneal muscles)
during a sudden ankle inversion perturbation. A short
latency/loop response (spinal reflex) would be elicited
with a result of muscle activation at the stretched
muscle. Meanwhile, information from the muscle spin-
dles would also travel up to the supraspinal center,
processed, and then the action potential would travel
back to the stretched muscles (e.g., peroneal muscles,
tibialis anterior) to elicit a long latency response.
The short latency response is typically fast enough
but not powerful enough to correct a fast and large
perturbation. In contrast, the long latency response
could be powerful enough but is too slow to prevent
injuries. The differences between short and long
latency responses was demonstrated by Konradsen
et al*®! with 10 healthy volunteers participated in
their study. Standing on a custom platform with a
secret trap door underneath the examined ankle, the
trap door was able to tilt 30° in the frontal plane and
provide a sudden ankle inversion perturbation to the
subject. They found the initial peroneal muscle reflex
response started around 54 ms post stretch (short
latency response), but the muscle activation was
too week to correct the perturbation®”. The subject
was not able to generate enough peroneal force to
evert the ankle back until 176 ms after stretch (long
latency response), which is significantly later than the
estimated time frame (less than 100 ms post stretch)
when a ligament injury would occur.

Proprioceptive information includes the position
sense and movement sense (kinesthesia) of a joint.
The ascending information from muscles (muscle
spindles), tendons (Golgi Tendon Organs), and other
mechanoreceptors located in skin, capsule, and
ligaments can be used by the central nervous system
to construct meaningful voluntary movements or to
correct perturbations®®®!. However, the reaction time of
the voluntary movement is similar or larger than the
long latency reflex!*), therefore too slow to prevent
ankle sprains. In summary, interventions (e.g., balance
training) aim to enhance neuromuscular control and
proprioception of an intact ankle may not reduce the
incidents of future ankle injuries.

RECURRENT ANKLE SPRAIN

Because lateral ligaments (especially the anterior talo-
fibular ligament) of the ankle joint play the primary
role in ankle stability™®, compromised ligaments
integrity after the initial injury (e.g., ligament sprain,
tear) can contribute to recurrent injuries. After the
initial injury, the reparative phase may last for 3-6
wk and the remodel phase may last for more than a
year after the injury. Moreover, only 50% to 85% of
subjects with a prior ankle sprain reported full recovery
3 years after the initial injury®®¥. If an individual
returns to the same activity level or sports prior to
a full recovery, recurrent ankle sprains are almost
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inevitable.

It is suggested that altered neuromuscular control
due to peripheral proprioception changes of the ankle
joint may contribute to the high recurrence rate of
lateral ankle sprain®®'"'*'*18% - After the initial injury,
overstretched/loosened ligaments and joint capsule
may hamper the function of those mechanorecep-
tors in those structures. Some researchers reported
prolonged peroneal muscle reflex latency in injured
ankles®, and others reported ankle position sense
deficits in passive testing™'>?*** and active testing
protocols!*>*>**1, Moreover, it is indicated that the result
of position sense testing (active matching of passive
positioning) can be used to predict future ankle
injuriest*>Y.

Despite the previously described evidence that
indicates proprioception changes in unstable ankles,
there are also many studies that contradict those
findings. No peroneal reflex latency difference®>%, no
position sense difference™®>"!, and no movement sense
(kinesthesia) difference™® was found between healthy
and unstable ankles. In addition, some studies indicate
that the condition of ankle position sense is not a
good predictor for future ankle sprains™*®*, Moreover,
Witchalls et al®” used the Active Movement Extent
Discrimination Apparatus (AMEDA) to compare ankle
position sense and its improvement potential between
healthy subjects and individuals with chronic ankle
instability. With the AMEDA, their subjects were tested
in a standing position with normal weight bearing and
active control of their ankle joints, therefore with a
better clinical and functional significance. They found
no position sense difference between the two groups
at their initial testing, but the individuals with ankle
instability improved their scores less than healthy
controls after repeated testing. Although it is unclear
if subjects with unstable ankles exhibit position sense
or movement sense deficits after the initial injury, as
discussion in the prior section, the integrity of ankle
proprioception may not play an important role in ankle
stability against large and fast perturbations. Even with
intact ankle proprioception, the short latency response
(stretch reflex) would be too weak and the long
latency reflex and voluntary muscle activation would
be too slow to combat large and fast perturbations.

REHABILITATION FOR ANKLE SPRAIN

After decades of research, it is still unclear on what
training technique/rehabilitation protocol is most
effective in reducing the incidents of initial ankle
sprains and recurrent injuries. Because proper pro-
prioceptive information is an important part of the
overall neuromuscular control, one might consider
restoring the compromised proprioception may
improve ankle stability. In order to improve ankle
proprioception, it is essential to increase the sensitivity
of mechanoreceptors by tightening up ligaments and
joint capsules (enhance joint proprioceptors) and/or
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increase muscle activation (enhance muscle spindles).
Without surgically tightening up the stretched/loo-
sened ligaments and joint capsule, increasing muscle
activation to sensitize muscle spindles through alpha-
gamma co-activation could be a reasonable approach.
However, even with better/intact proprioception at the
ankle joint, one still cannot generate enough muscle
strength that is fast enough to combat large and fast
perturbations such as landing on an uneven surface.

The impact of muscle strength on ankle stability
is unclear. Muscle weakness was reported in pero-
neal muscles™™***!! ankle dorsiflexors®®, and hip
abductors™® in individuals with ankle instability.
However, other studies found no association between
muscle weakness and ankle instability!*37>*4,
Although larger muscle activation can enhance the
sensitivity of muscle spindles, strength training is not
likely to reduce the incidents of initial and recurrent
ankle sprains through enhancing neuromuscular
control of the ankle joint. Instead, strength training
may restore ankle muscle balance, position the ankle
in more stable position (e.g., more dorsiflexion with
a stronger tibialis anterior), increase the strength
of ligaments, and a larger/stronger muscle can also
provide additional passive restraints to the ankle joint.
Further research is needed to examine the impact of
strength training on ankle stability.

Balance/postural training is the most commonly
employed rehabilitation treatment for individuals with
ankle instability. The majority of the literature reports
positive therapeutic effects of balance training (e.g.,
single limb standing, standing on an ankle disc/wobble
board)®*****, However, there are a few studies that
disagree with its treatment effect™® "), In the “Clinical
Practice Guidelines” published in the Journal of
Orthopaedic and Sports Physical Therapy, a panel of
experts also concluded that the evidence is weak (grade
of recommendation “C”) on implementing weight-
bearing functional exercises and balance activities on
unstable surfaces®. If balance training is beneficial in
reducing the incidents of ankle sprains, it is not likely
due to enhanced neuromuscular control, but due to
enhanced strength and stiffness in both muscles and
ligaments at the ankle joint.

CONCLUSION

Initial and recurrent ankle sprains are a serious
problem for athletes. After decades of research, there
is still no consensus on the most effect intervention
to reduce the incidents of initial and recurrent ankle
sprains. Although passive ankle stabilizers such as
ligaments provide the primary stability to the ankle
joint, one cannot actively control the ligaments and
their strength increment potential is limited. On the
other hand, neuromuscular training has the potential
to improve the latency and magnitude of muscle
response of the long latency reflex and voluntary
muscle activation. Such “reactive” responses can be
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sped up slightly through neuromuscular training, but
it is very unlikely to be fast enough to prevent injuries
caused by a fast and large perturbation such as
landing on an uneven surface with a single limb.

Balance training, neuromuscular training, and
proprioception training are just a few terminologies
that clinicians often use interchangeably to describe
balance activities such as single leg standing and
standing on an uneven surface such as a wobble board.
It is important to know that improving neuromuscular
control and proprioception of an ankle joint may yield
little benefits in improving ankle stability against large
and fast perturbations. However, balance training can
also increase the strength of muscles and ligaments
around the ankle joint. Since ligaments are the primary
stabilizer of the ankle joint, treatment protocols with a
balance training component may benefit the subjects
with unstable ankles.

If a healthy ankle could not resist the fast and
large perturbation during the initial injury, those
compromised structures after an ankle sprain certainly
would not be able to resist the same amount of stress
without a full recovery. Most athletes did not wait for
a year or longer (towards the end of the remodeling
phase) before returning to their prior sports/activities.
Therefore, it would be extremely difficult to reduce the
incidents of recurrent ankle sprains in athletes.

REFERENCES

1 Kannus P, Renstrom P. Treatment for acute tears of the lateral
ligaments of the ankle. Operation, cast, or early controlled
mobilization. J Bone Joint Surg Am 1991; 73: 305-312 [PMID:
1993726]

2 Farrer C, Franck N, Paillard J, Jeannerod M. The role of
proprioception in action recognition. Conscious Cogn 2003; 12:
609-619 [PMID: 14656504 DOI: 10.1016/S1053-8100(03)00047-3]

3 Waterman BR, Owens BD, Davey S, Zacchilli MA, Belmont PJ.
The epidemiology of ankle sprains in the United States. J Bone
Joint Surg Am 2010; 92: 2279-2284 [PMID: 20926721 DOI:
10.2106/JBJS.1.01537]

4 Ekstrand J, Tropp H. The incidence of ankle sprains in soccer.
Foot Ankle 1990; 11: 41-44 [PMID: 2210532 DOI: 10.1177/10711
0079001100108]

5 Fong DT, Hong Y, Chan LK, Yung PS, Chan KM. A systematic
review on ankle injury and ankle sprain in sports. Sports Med
2007; 37: 73-94 [PMID: 17190537 DOI: 10.2165/00007256-20073
7010-00006]

6 Akbari M, Karimi H, Farahini H, Faghihzadeh S. Balance
problems after unilateral lateral ankle sprains. J Rehabil Res
Dev 2006; 43: 819-824 [PMID: 17436168 DOI: 10.1682/
JRRD.2006.01.0001]

7 Arnold BL, De La Motte S, Linens S, Ross SE. Ankle instability
is associated with balance impairments: a meta-analysis. Med
Sci Sports Exerc 2009; 41: 1048-1062 [PMID: 19346982 DOI:
10.1249/MSS.0b013e318192d044]

8 Fu AS, Hui-Chan CW. Ankle joint proprioception and postural
control in basketball players with bilateral ankle sprains. Am J
Sports Med 2005; 33: 1174-1182 [PMID: 16000667 DOI: 10.1177/
0363546504271976]

9  Freeman MA, Dean MR, Hanham IW. The etiology and
prevention of functional instability of the foot. J Bone Joint Surg
Br1965; 47: 678-685 [PMID: 5846767]

10 de Noronha M, Refshauge KM, Kilbreath SL, Crosbie J.

Baishidenge ~ WJO | www.wjgnet.com

11

12

14

15

17

19

20

21

22

23

24

25

26

27

Hung Y. Neuromuscular control of the unstable ankle

Loss of proprioception or motor control is not related to
functional ankle instability: an observational study. Aust J
Physiother 2007; 53: 193-198 [PMID: 17725477 DOI: 10.1016/
S0004-9514(07)70027-2]

McKeon JM, McKeon PO. Evaluation of joint position
recognition measurement variables associated with chronic ankle
instability: a meta-analysis. J Athl Train 2012; 47: 444-456 [PMID:
22889661 DOI: 10.4085/1062-6050-47.4.15]

Munn J, Sullivan SJ, Schneiders AG. Evidence of sensorimotor
deficits in functional ankle instability: a systematic review with
meta-analysis. J Sci Med Sport 2010; 13: 2-12 [PMID: 19442581
DOLI: 10.1016/j.jsams.2009.03.004]

de Noronha M, Refshauge KM, Herbert RD, Kilbreath SL,
Hertel J. Do voluntary strength, proprioception, range of motion,
or postural sway predict occurrence of lateral ankle sprain? Br J
Sports Med 2006; 40: 824-828; discussion 828 [PMID: 16920769
DOI: 10.1136/bjsm.2006.029645]

Payne KA, Berg K, Latin RW. Ankle injuries and ankle strength,
flexibility, and proprioception in college basketball players. J Athl
Train 1997, 32: 221-225 [PMID: 16558453]

Willems T, Witvrouw E, Verstuyft J, Vaes P, De Clercq D.
Proprioception and Muscle Strength in Subjects With a History
of Ankle Sprains and Chronic Instability. J Athl Train 2002; 37:
487-493 [PMID: 12937572]

Witchalls J, Waddington G, Blanch P, Adams R. Ankle instability
effects on joint position sense when stepping across the active
movement extent discrimination apparatus. J Athl Train 2012; 47:
627-634 [PMID: 23182010 DOI: 10.4085/1062-6050-47.6.12]
Refshauge KM, Kilbreath SL, Raymond J. Deficits in detection
of inversion and eversion movements among subjects with
recurrent ankle sprains. J Orthop Sports Phys Ther 2003; 33:
166-173; discussion 173-176 [PMID: 12723673 DOI: 10.2519/
jospt.2003.33.4.166]

Martin RL, Davenport TE, Paulseth S, Wukich DK, Godges JJ.
Ankle stability and movement coordination impairments: ankle
ligament sprains. J Orthop Sports Phys Ther 2013; 43: A1-40
[PMID: 24313720 DOI: 10.2519/jospt.2013.0305]

Yeung MS, Chan KM, So CH, Yuan WY. An epidemiological
survey on ankle sprain. Br J Sports Med 1994; 28: 112-116 [PMID:
7921910 DOI: 10.1136/bjsm.28.2.112]

van den Bekerom MP, Oostra RJ, Golan6 P, van Dijk CN. The
anatomy in relation to injury of the lateral collateral ligaments of
the ankle: a current concepts review. Clin Anat 2008; 21: 619-626
[PMID: 18773471 DOI: 10.1002/ca.20703]

Woo SL, Gomez MA, Sites TJ, Newton PO, Orlando CA, Akeson
WH. The biomechanical and morphological changes in the
medial collateral ligament of the rabbit after immobilization and
remobilization. J Bone Joint Surg Am 1987; 69: 1200-1211 [PMID:
3667649]

Konradsen L, Voigt M, Hejsgaard C. Ankle inversion injuries. The
role of the dynamic defense mechanism. Am J Sports Med 1997,
25: 54-58 [PMID: 9006692 DOI: 10.1177/036354659702500110]
Kandel ER. Principles of neural science. 5th ed. New York:
McGraw-Hill, 2013

van Rijn RM, van Os AG, Bernsen RM, Luijsterburg PA,
Koes BW, Bierma-Zeinstra SM. What is the clinical course
of acute ankle sprains? A systematic literature review. Am J
Med 2008; 121: 324-331.e6 [PMID: 18374692 DOI: 10.1016/
j-amjmed.2007.11.018]

Takebayashi T, Yamashita T, Minaki Y, Ishii S. Mechanosensitive
afferent units in the lateral ligament of the ankle. J Bone Joint Surg
Br 1997; 79: 490-493 [PMID: 9180335 DOI: 10.1302/0301-620X.
79B3.7285]

Konradsen L, Ravn JB. Ankle instability caused by prolonged
peroneal reaction time. Acta Orthop Scand 1990; 61: 388-390
[PMID: 2239158 DOI: 10.3109/17453679008993546]

Karlsson J, Andreasson GO. The effect of external ankle support
in chronic lateral ankle joint instability. An electromyographic
study. Am J Sports Med 1992; 20: 257-261 [PMID: 1636854 DOI:
10.1177/036354659202000304]

June 18, 2015 | Volume 6 | Issue 5 |



28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

JBaishideng®

Hung Y. Neuromuscular control of the unstable ankle

Lofvenberg R, Karrholm J, Sundelin G, Ahlgren O. Prolonged
reaction time in patients with chronic lateral instability of the
ankle. Am J Sports Med 1995; 23: 414-417 [PMID: 7573649 DOI:
10.1177/036354659502300407]

Lee AJ, Lin WH. Twelve-week biomechanical ankle platform
system training on postural stability and ankle proprioception in
subjects with unilateral functional ankle instability. Clin Biomech
(Bristol, Avon) 2008; 23: 1065-1072 [PMID: 18621453 DOI:
10.1016/j.clinbiomech.2008.04.013]

Kim CY, Choi JD, Kim HD. No correlation between joint position
sense and force sense for measuring ankle proprioception in
subjects with healthy and functional ankle instability. Clin Biomech
(Bristol, Avon) 2014; 29: 977-983 [PMID: 25238686 DOI:
10.1016/j.clinbiomech.2014.08.017]

Glencross D, Thornton E. Position sense following joint injury. J
Sports Med Phys Fitness 1981; 21: 23-27 [PMID: 7278217]

Ebig M, Lephart SM, Burdett RG, Miller MC, Pincivero DM. The
effect of sudden inversion stress on EMG activity of the peroneal
and tibialis anterior muscles in the chronically unstable ankle. J
Orthop Sports Phys Ther 1997; 26: 73-77 [PMID: 9243405 DOI:
10.2519/jospt.1997.26.2.73]

Fernandes N, Allison GT, Hopper D. Peroneal latency in normal
and injured ankles at varying angles of perturbation. Clin Orthop
Relat Res 2000; (375): 193-201 [PMID: 10853169 DOI: 10.1097/0
0003086-200006000-00023]

Vaes P, Duquet W, Van Gheluwe B. Peroneal Reaction Times and
Eversion Motor Response in Healthy and Unstable Ankles. J Athl
Train 2002; 37: 475-480 [PMID: 12937570]

Holme E, Magnusson SP, Becher K, Bieler T, Aagaard P, Kjaer M.
The effect of supervised rehabilitation on strength, postural sway,
position sense and re-injury risk after acute ankle ligament sprain.
Scand J Med Sci Sports 1999; 9: 104-109 [PMID: 10220845 DOI:
10.1111/j.1600-0838.1999.tb00217.x]

Gross MT. Effects of recurrent lateral ankle sprains on active
and passive judgements of joint position. Phys Ther 1987; 67:
1505-1509 [PMID: 3659134]

Hiller CE, Nightingale EJ, Lin CW, Coughlan GF, Caulfield B,
Delahunt E. Characteristics of people with recurrent ankle sprains:
a systematic review with meta-analysis. Br J Sports Med 2011; 45:
660-672 [PMID: 21257670 DOI: 10.1136/bjsm.2010.077404]
Willems TM, Witvrouw E, Delbaere K, Philippaerts R, De
Bourdeaudhuij I, De Clercq D. Intrinsic risk factors for inversion
ankle sprains in females--a prospective study. Scand J Med Sci
Sports 2005; 15: 336-345 [PMID: 16181258 DOI: 10.1111/
j-1600-0838.2004.00428 ]

Witchalls JB, Waddington G, Adams R, Blanch P. Chronic ankle
instability affects learning rate during repeated proprioception
testing. Phys Ther Sport 2014; 15: 106-111 [PMID: 23954386
DOI: 10.1016/5.ptsp.2013.04.002]

Bosien WR, Staples OS, Russell SW. Residual disability following
acute ankle sprains. J Bone Joint Surg Am 1955; 37-A: 1237-1243
[PMID: 13271470]

Staples OS. Result study of ruptures of lateral ligaments of the
ankle. Clin Orthop Relat Res 1972; 85: 50-58 [PMID: 4624809
DOI: 10.1097/00003086-197206000-00011]

Lee SP, Powers C. Fatigue of the hip abductors results in increased
medial-lateral center of pressure excursion and altered peroneus
longus activation during a unipedal landing task. Clin Biomech
(Bristol, Avon) 2013; 28: 524-529 [PMID: 23642515 DOI:
10.1016/j.clinbiomech.2013.04.002]

Lentell G, Katzman LL, Walters MR. The Relationship between
Muscle Function and Ankle Stability. J Orthop Sports Phys

WJO | www.wjgnet.com

438

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Ther 1990; 11: 605-611 [PMID: 18787260 DOI: 10.2519/
jospt.1990.11.12.605]

Beynnon BD, Renstrom PA, Alosa DM, Baumhauer JF, Vacek PM.
Ankle ligament injury risk factors: a prospective study of college
athletes. J Orthop Res 2001; 19: 213-220 [PMID: 11347693 DOI:
10.1016/S0736-0266(00)90004-4]

McGuine TA, Keene JS. The effect of a balance training program
on the risk of ankle sprains in high school athletes. 4m J Sports
Med 2006; 34: 1103-1111 [PMID: 16476915 DOI: 10.1177/036354
6505284191]

Mohammadi F. Comparison of 3 preventive methods to reduce
the recurrence of ankle inversion sprains in male soccer players.
Am J Sports Med 2007; 35: 922-926 [PMID: 17379918 DOI:
10.1177/0363546507299259]

Rozzi SL, Lephart SM, Sterner R, Kuligowski L. Balance training
for persons with functionally unstable ankles. J Orthop Sports
Phys Ther 1999; 29: 478-486 [PMID: 10444738 DOI: 10.2519/
jospt.1999.29.8.478]

Verhagen E, van der Beek A, Twisk J, Bouter L, Bahr R, van
Mechelen W. The effect of a proprioceptive balance board
training program for the prevention of ankle sprains: a prospective
controlled trial. Am J Sports Med 2004; 32: 1385-1393 [PMID:
15310562 DOI: 10.1177/0363546503262177]

Kidgell DJ, Horvath DM, Jackson BM, Seymour PJ. Effect of
six weeks of dura disc and mini-trampoline balance training
on postural sway in athletes with functional ankle instability. J
Strength Cond Res 2007; 21: 466-469 [PMID: 17530947 DOI:
10.1519/R-18945.1]

McKeon PO, Ingersoll CD, Kerrigan DC, Saliba E, Bennett
BC, Hertel J. Balance training improves function and postural
control in those with chronic ankle instability. Med Sci Sports
Exerc 2008; 40: 1810-1819 [PMID: 18799992 DOI: 10.1249/
MSS.0b013e31817¢0192]

Han K, Ricard MD, Fellingham GW. Effects of a 4-week exercise
program on balance using elastic tubing as a perturbation force
for individuals with a history of ankle sprains. J Orthop Sports
Phys Ther 2009; 39: 246-255 [PMID: 19346625 DOI: 10.2519/
jospt.2009.2958]

Webster KA, Gribble PA. Functional rehabilitation interventions
for chronic ankle instability: a systematic review. J Sport Rehabil
2010; 19: 98-114 [PMID: 20231748]

Schaefer JL, Sandrey MA. Effects of a 4-week dynamic-balance-
training program supplemented with Graston instrument-assisted
soft-tissue mobilization for chronic ankle instability. J Sport
Rehabil 2012; 21: 313-326 [PMID: 23118072]

Tropp H, Askling C, Gillquist J. Prevention of ankle sprains. Am J
Sports Med 1985; 13: 259-262 [PMID: 3927758 DOI: 10.1177/036
354658501300408]

Bahr R, Lian O, Bahr IA. A twofold reduction in the incidence
of acute ankle sprains in volleyball after the introduction of an
injury prevention program: a prospective cohort study. Scand J
Med Sci Sports 1997; 7: 172-177 [PMID: 9200322 DOI: 10.1111/
j-1600-0838.1997.tb00135 x]

de Vries JS, Krips R, Sierevelt IN, Blankevoort L. Interventions
for treating chronic ankle instability. Cochrane Database Syst Rev
2006; (4): CD004124 [PMID: 17054198 DOI: 10.1002/14651858.
CD004124.pub2]

van der Wees PJ, Lenssen AF, Hendriks EJ, Stomp DJ, Dekker
J, de Bie RA. Effectiveness of exercise therapy and manual
mobilisation in ankle sprain and functional instability: a systematic
review. Aust J Physiother 2006; 52: 27-37 [PMID: 16515420 DOI:
10.1016/50004-9514(06)70059-9]

P- Reviewer: Erdil M, Seijas R, Yamakado K S- Editor: Tian YL
L- Editor: A E- Editor: Zhang DN

June 18, 2015 | Volume 6 | Issue 5 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2015 Baishideng Publishing Group Inc. All rights reserved.



