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Injuries encountered during athletic participation. Following initial injury thers iz an
alarmingly high risk of re-injury and the development of residual symptems such as
pain, swelling and "giving way" of the ankle joint. These symptoms have been given
Lhe generic term chronic ankle instability (CAlL. Two causes of CAl reported in the
literature are mechanical instabilicy (MI) and functional instability (Fl). FI 5 a
distinct phenomenon ta Ml with many newromuscular contributing factors being
reported. The purpose of this literature review is to describe those neuromuscular
factors associated with FIl.

Functional instability

2 2007 Elsevier Ltd. All rights reserved,

Introduction

Inversion sprain of the lateral ligament complex of
the ankle joint is one of the mast common injuries
experienced during sporling participation. In an
epidemiological prospective study Hosea et al.
(2000) examined the risk of ankle injuries in
scholastic and collegiate basketball players during
a I1-year period. Eleven thousand seven hundred
and eighty athletes were recruited for the study.
During the 1-vear follow-up period there were 1052
arkle injuries. In 2 more recent study Beynnon
et al. (2005) examined the incidence of ankle
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injuries in & 4-year study between 1999 and 2003.
A total of 901 athletes were included in the study
and of those included 43 [4.8%) suffered an
inversion injury. Residual functional limitations
often complicate a large proportion of initial
injuries. It has been suggested that up to 70% of
individuals involved in basketball with an initial
ankle sprain could suffer from injury recurrence
(feung et al., 1994), Another study has shown that
following an initial ankle joint injury 55% of
subjects can still suffer from symptoms at & weeks
post injury with up to 40% reporting problems at &
months (Gerber et al., 1998). The development of
residual symptoms such as pain, swelling and
"giving way"' of the ankle joint as well as repeated
inversion injury has been termed chranic ankle

1360-8592/% - see front matter & 2007 Elzevizr Ltd. All rights reserved,

dai:10.1016./3.7bmt.2007,03.002



204

E. Delahunt

instabilizy (CAl). Two factors contributing to the
development of CAl are machanical instability (M)
and functional instability (FI) {(Hertel, 2002).

Traditionally # due to sprain of the lateral
ligament complex of the ankle has been associated
with F| {Lentell et al., 1995). However Tropp et al.
i1985) endeavoured to make a distinction between
Ml and FI, by defining Ml as joint motion that
exceads normal physiological limits due to damage
of the supporting ligamentous structures, while Fl
was defined as joint motion that did not necessarily
exceed normal chysiological limits but which was
beyand voluntary control.

Various studies have been undertaken to deter-
minge the relationship of Ml to Fl of the ankle joint.
Ryan {1994) performed an anterior drawer and talar
tilt test on 45 subjects with unilateral Fl to
determine the presence or absence of M. In this
study subjects acted as their own controls, with the
nan-injured ankle acting as the control ankle. The
presence or absence of Ml was subjectively graded
using a 5-point scale ranging from very hypomobile
to very hypermobile. The functionally unstable
ankle was considered to be mechanically unstable
if it was graded very hypermobile or if it received a
grading of at least two grades greater than the non-
injured ankle on cither instability test. On the basis
af the study’s definition of MI, there were 11 (24%)
mechanically unstable ankles amaongst 45 function-
ally unstable ankles. Lentell et al. (1920) in a study
Lo detenmine the contribution of anatomical laxity
of the ankle joint to the development of Fl
examinad the amcunt of talar tilt in the involved
and uninvolved ankles of 34 subjects with the
subjective complaint of unilateral FI. Statistical
analysis showed that 59% of the subjects had
symmetrical talar tilt values, thus indicating that
Fl may be presant in the absence of MI. Birmingham
et al. (1997) used an ankle joint stress testing
apparatus to determinz Lhe maximum inversion
range of motion at the ankle joint in 30 subjects
with unilateral Fl. The non-injured ankle acted as
the control ankle. The group mean value for
inversion range of motion did not differ between
the injured and non-injured ankles, again suggest-
ing that Fl may be a distinct entity to Ml, and both
conditions do not necessarily coexist.

The results of the above studies indicate that
patients can thus have a history of recurrent
inversion sprains with concomitant functional lim-
itations and still present clinically with mechani-
cally stable ankles, In those patients who complain
of Fl and a tendency of the foot to "give way™
but in whom cbjective measures reveal a stable
ankle, some pathological process distinct from
Ml is obviously present. Thus the purpose of this

article is to describe  those npeurcmuscular
factors which have been reported in the literature
to be associated with the development of F
iFigs. 1 and 2).

Balance deficits

Varfous mechanoreceptors are present in joint
capsules, ligaments, muscles, and skin around the
ankle [Wyke, 1967). Mechanoreceptors provide
afferent impulses regarding joint movement and
position as well as contributing to a complex reflex
system, which acts to maintain a state of bodily
equilibrium. It has been suggested that damage to

Figure 1 Lateral ligaments of the ankle, Source: Drake,
R., Wogl, W., Mitchell, A., 2005 Gray's Anatomy for
Students, p. 564, Fig. 6.98 ABB. Elsevier, Philad=lphia.

Figure 2 Posterior ligaments of the ankle. Source: Drake,
R., Vogl, W., Mitchell, A., 2005. Gray's Anatomy for
Students, p. 564, Fig. 6.98 ARB. Elsevier, Philadsiphia.
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mechanoreceptors following ankle sprain could
interrupt the flow of these afferent impulses
into the central nervous system, thus leading to
balance deficits, and ultimately contributing to the
development of Fl (Freeman et al.,, 1965).
This observation of balance deficits in individuals
with Fl observed by Freeman et al. (1965) was
hased upon the subjective opinion of the examiners
and the patients' self-perception of balance per-
formance when standing on the affected and
unaffected legs.

Garn and Mewton (1988) undertook a study to
determine whether the one-legged standing bal-
ance test could be used to determine whether
suhjects with a histary of recurrent ankle sprain
exhibited greater balance deficits when standing on
the injured leg as compared with the uninjured leg.
They used the same test as described by Freeman
et al. [1965). A one-legged standing balance test
{eyes open and eyes closed) was used to compare
balance when the subject stocd on the uninjured
ankle and then on the injured ankle. An indepen-
dent observer was used to determine which side
demonstrated impaired balance performance or
whether balance performance appeared Lo be the
same on both legs. There was a higher incidence of
balance performance deficits noted while subjects
stoed on their injured les, A similar testing protocol
has been used by both Lentell et al. (1990) and
Mullay Forkin et al, (199&). In the study by Lentell
et al. (1990) 15 (45%) subjects demonstrated no
differences in balance from ane limb to the other.
However the remaining 18 (55%) subjects visually
demonstrated nctable balance performance differ-
ences from ane side to the other. In 17 of the 18
subjects the deficit was noted while standing on the
injured limb. Using & similar test protocol, Mulloy
Forkin et al. (1996) reported that 63% of gymnasts
(2 males, 9 females) with Fl tested, exhibited
halance performance deficits during eyes-closed
single-leg stance.

Tropp et al. (1985-198&) in a series of investiga-
tions were one of the first investigaters to try and
advance the idea put forward by Freeman ct al.
[19653), by using stabilometry to objectively quan-
tify the association between balance deficits and
Fl. They were concerned with the sxcursion of the
centre of pressure {COP) during single-leg standing
with the eyes open. One of their initial studies
snowed that soccer players with a history of FI
snowed significantly higher stabilometric results
when compared tc a group of soccer players
without ankle instability {Tropp et al., 1985), In a
subseqguent study Tropp (1986) reported that there
was no significant difference in stabilometric values
between the affected and unaffected legs of soccer

players with unilateral Fl. However, & comparison
of stabilometric values for both legs of the Fl group
with a healthy non-injured reference group re-
vealed significantly higher values of COP excursion.
In contrast to this result several studies have failed
to detect differences in balance performance
between Fl subjects and healthy non-injured
controls. lsakev and Mizrahi (1997) recorded the
anteroposterior and mediolateral components of
ground  reaction force (GRF)  during  single-
leg standing in a group of 8 competitive
female gymnasts. They failed to demonstrate any
differences between the injured and non-injured
limb with either eyes open or eyes closed.
Furthermore Baier and Hopf (1998) also did not
find any significant differences in balance perfor-
mance as measured by the antercposterior and
mediolateral components of the COP in a group of
22 athletes with FI when compared to a control
group of 221 non-injured athletes. Studies by
Kinsella and Harrison {1998) and Bernier et al.
{1997) have also failed to show any differences
batween Fl subjects and control subjects during
single-leg stance.

When considering the results observed above
one must be aware that the one-legged balance
test is 3 relatively static task. It has been suggasted
that as mast joint receptors are only active near
the end range of maotion, a more dynamic method
may be necessary for neural discharge of joint
mechanoreceptors (Wilkersan and Nitz, 1994). Thus
when the supporting surface beneath the foot is
level, the cumulative effect of gravity, momentum,
GRFs, and muscle forces on ankle motion will not
be eguivalent to that produced on an unstable
surface.

Various authors have endeavoured to address this
issue, Olmsted et al, (2002) used the Star Excursion
Balance Test (SEBT), a wvalid and reliable tocl
(Kinzey and Armstrong, 1998; Hertel et al., 2000)
1o detect deficits in subjects with ankle instability,
They found that ankle instability subjects demon-
strated significantly decreased reach while balan-
cing on the injured side compared to the matched
side of the non-injurad group, and when compared
with their own uninjured side. The authors con-
cluded that static single-leg balance tests may not
be sensitive enough to detect motor-control defi-
cits related to balance performance, and that
dynamic test such as the SEBT provide a means of
identifying functional deficits related to balance
performance in subjects with functional ankle
instability (FAl). Gribble et al. (2004] have subse-
quently advanced the work of Olmsted et al. [2002)
by also gquantifying maximal ankle-dorsiflexion,
knze-flexion and hip-flexion angles during the
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performance of the SEBT. The results of this study
showed that the injured limb of the ankle instabil-
ity group exhibited smaller reach distance values,
knee-flexion and hip-flexion angles for all direc-
Lions tested compared to their nen-injured limb
and the matched limb of the control group. Hiller
et al. (2004) examined the ability of highly trained
ballet dancers to regain their balance after an
external unexpected perturbation in both a foot
flat and a demi-pointe position. In the foot flat
position, the time taken to regain baseline oscilla-
tion after a sudden unexpected perturbation of 15°
of inversion was significantly longer for the FI
subjects when compared to the control group.
There was no difference between the groups for
the demi-pcinte position. A recent study by Ross
et al. (2005) has shown that subjects with Fl exhibit
a longer time to stabilization while performing a
single-leg jurnp landing compared to a non-injured
control group. The authors concluded that subjects
with Fl do suffer from deficiencies in dynamic
stabilization, and that measures of time to stahi-
lization following a jump landing technique could
be used in the clinical setting as an outcome
measure to guide return to physical activity in
subjects with Fl. Hertel and Olmsted-Kramer (2007)
have also shown that subjects with FI suffer from
postural control deficits. In this study the authors
examined time-to-boundary measures of postural
control and consistently found that subjects with Fl
had lower scores compared Lo a non-injured control
group, thus indicating that this measure of postural
contral may be more capable than Lraditional
measures of postural contral, such as the excursion
of the COP in delecting balance deficits in subjects
with Fl.

It has been suagestad that static conditions such
as single-leg balance tests may fail to elicit postural
control deficiencies due to the ease of the testing
procedure (Riemann et al., 1999). Consequently,
their value in assessing patients in the clinieal
sefting must be questioned. More dynamic testing
procedures may thus be necessary to detect
balance performance deficits in subjects with FI,
Furthermore static balance exercises for the
rehabilitation of balance performance may not be
an adequate challenge for the fine tuning of the
postural control systern, and thus more challenging
exercises such as the SEBT and jump landing
stabilization drills may be more valuable rehabili-
tation tools. A recent study by Ross and Guskiewicz
(2006) has shown that dynamic coordination train-
ing performed on unstable surfaces (foam and
wobble board) can enhance dynamic postural
stability as measured by the time-to-stabilization
in subjects with Fl.

Strength deficits

A potential cause of Fl, historically cited involves
weakness of the peroneal museulature (Bosien
et al., 1955; Staples, 1972). The peronel act as
the primary evertors of the ankle and hence
weakness of this muscle group may impair the
ability to dynamically control inversion stresscs,
thus rendering the ankie vulnerable to inversion
sprain. However, some of the evidence supporting
weakness of the peronei is based on manual muscle
testing which is a crude and subjective form of
muscle strength evaluation (Munn et al., 2003).
Strength training of the peronei forms a central
compenent of treatment programs for F1 {Caulfield,
2000), thus indicating that evertor weakness is
regarded by many clinicians as a significant factor
in the development of functional problems fallow-
ing lateral ligament complex ankle sprains.

Lentell et al. (1990) used an isckinetic dynam-
ometer to investigate Lhe peak torque of the ankle
invertors and evertors al the speeds of 30°/s and
07/s in the injured and uninjured legs of subjects
with unilateral Fi. They failed to show a difference
either isemetrically or isokinetically between sides.
However, the authors did acknowledge the poten-
tial limitations of their study, conceding that,
during activity most ankle sprains occur in a closed
kinetic chain at velocities above 30°/s, Therefore
there may be difficulty with extrapolating the
results to the conditions under which the majority
of ankle sprains occur. The issue of velocity was
addressed by Lentell et al. {199%) in another study
where the testing velocities utilized were 30°/s,
90°/s, 150°/s and 210°/s. The results of this study
also indicated that evertor strength deficits were
nat prevalent in subjects with Fl, which is further
supported by Lthe wark of Bernier et al. (1997) and
McKnight and Armstrong (1997). Ryan (1994) also
failed to show the presence of evertor strength
deficits in & group of subjects with unilateral Fl.
Interestingly, however, there was a decrease in the
peak torgue of the ankle invertors on the injured
side compared to the non-injured side, The
presence of invertor strength deficits in 1 subjects
has also been noted by Wilkerson et al. (1997), who
demanstrated significantly greater invertor deficits
than evertor deficits for both peak torgue and
average power using isokinetic dynamometry test-
ing at speeds of 30°/s and 120°/s. The idea of the
presence of evertor strength deficits in subjects
with Fl was refuted by Kaminski et al. (1999) who
found no significant differences in concentric,
eccentric or isometric eversion ankle strength in a
group of subjects with FAl, when compared Lo a
non-injured control group. Munn et al. (2003)



5

/s,

idy
sre
ner
nd
il50
gth

the
red
The
acts
who
icits
and

the
ecrs
whi
tric,
ina
to a
003)

Meuromuscular contributions to functional instability of the ankle joint 207

investigated concentric and eccentric ankle
strength using isokinetic dynamometry at speeds
of 60°/s and 120°/s to determine whether eccentric
strength deficits may contribute to the develop-
ment of Fl. They like Ryan (1934) and Wilkerson
et al. {1997) found significant deficits in eccentric
invertor strength.

The literature seems to suggest that evertor
strength deficits do not form a significant factor in
the development of functional problems following
lateral ligament complex ankle sprains and thus
traditional strength training of the ankle joint
evertors following an ankle sprain with resistance
elastic may be of little clinical and functional
importance. However ,it may be interesting in the
future to investigate the nature of evertor muscu-
lature endurance as the evertors may undergo
fatigue with extended periods of activity, thus
leading to loss of dynamic support and thus a
predisposition L inversion sprain. Perhaps of more
importance than evertor strength is the timing of
evertor muscle activity during functional activities
in subjects with Fl. Studies by CaulReld et al.
{2004} and Delahunt et al. {2006a, b) have shown
that subjects with Fl have decreased pre-initial
contact peroneus longus integral muscle activity
during jumping. Furthermore the study by Delahunt
el al. (2006a. b) has also shown that during a jump
landing procedure, subjects with Fl also concomi-
tantly exhibit an increased inverted position of the
ankle joint which leaves the ankle joint vulnerable
to an unexpected initial contact (i.e. landing on an
opponents foot or landing on an uneven surface)
and subsequent inversion sprain, Another study by
Delahunt et al. (2006a, b} has shown that during
treadmill walking subjects with Fl exhibit an
increased inverted position of the ankle joint prior
to, at, and immediately following heel-strike.
Howewver, during this study the subjects with FI
were shown to have increased post heel-strike
peraneus longus integral muscle activity. The
authors concluded that this increase in peroneus
longus muscle activity post heel-strike may be the
results of changes in feed-forward neuromuscular
control in an effort to protect the ankle joint
against the increased invertad position observed at
the ankle joint. The difference between the
peroneus longus muscle activity observed in the
aforementioned studies may be the result of
differences in ankle joint loading rates. Walking is
an everyday activity and the number of steps taken
each day may be sufficient to train feed-forward
protective and corrective mechanisms to counter-
act the potentially injurious inverted position of
the ankle joint; while jump landing is rot an
2veryday occurrence and consequently protective

mechanisms may not be reinforced to counteract
the inverted position of the ankle joint noted in
subjects with Fl during this activity.

There is a erowing body of research to suggest
that the presence of eccentric invertor strength
deficits may play a significant role in the develop-
ment of residual symptoms following lateral liga-
ment complex ankle sprains.

The presence of invertar strength deficits has
been suggested to occur due to selective inhibition
{Ryan, 1994}, The process of selective inhibition
was described by Swearingen and Dehne {1984),
who postulated that decreased stress tolerance of
an injured joint triggers reflexive mechanism
which, inhibit muscles that are capable of increas-
ing tensile stress on damaged ligaments. Thus the
invertors of the ankle may be inhibited due to their
ability to initiate movement in the direction of
initial injury.

Wilkerson et al, [1997) have proposed that the
invertor muscles may play a significant role in
preventing loss of postural stability over a fixed
foot. When the centre of mass is displaced over a
fixed foot with hoth its medial and lateral borders
anchored, the shank moves laterally resulling in
closed chain eversion. When the centre of mass is
displaced beyond the lateral border of the foot and
the limit of closed chain eversion is reached, the
medial border of the foot will begin to rise,
subsequently resulting in a rapid inversion of the
foot. Hence, eccentric activity of the invertor
muscles, which control lateral postural stability,
may play a significant role in the maintenance of
dynamic ankle stability. Thus, if the Invertors are
weak there may be a predisposition to inversion
sprains. The role of invertor strength deficits in the
development of FI warrants further investigation,

Proprioceptive deficits

Proprioception as defined by Rowinski (19%0) is the
cumulative neural input to the central nervous
system, from mechanoreceptors in the joint cap-
sules, ligaments, muscles, tendons and skin. The
coded proprioceptive informaticn conveyed to the
spinal cord from the mechanoreceptors passes
through multi-synaptic interneuronal connections
end eventually results in excitation or inhibition of
motor neurons (Mewtaon, 1982). Freeman et al.
{1963) have hypothesizec that because the tensile
strength of the mechanoreceptors is less than the
connective tissue within which they are embedded,
these mechanoreceptors must be disrupted when
ankle ligaments and capsules are torn or stretched,
Subsequently Freeman et al. (1565) theorized that
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disruption of these mechancreceptors results in
decreased sensory input to the CNS which may in
Lurn lead to faulty positioning and diminished reflox
responsas, thus leading to an increased incidence
of recurrent ankle sprain. The assessment of joint
proprioception can be divided into two compo-
nents, namely kinaesthesia and joint position sense
(Lephart and Henry, 1996; Lephart et al., 1998).
Kinassthesia is measured by assessing the thresh-
old-to-detection of passive motion (TTDPM], while
joint position sense is measured by assessing the
reproduction of passive and active joint positioning
(Lephart and Henry, 1995; Lephart et al., 1998).

Joint position sense

Gross (1987) undertock a study to examine the
effects of recurrent lateral ankle sprains on
subjects’ active and passive judgements of jeint
position  sense. The test procedure required
subjects to actively and passively replicate pre-
determined ankle joint positions in the inversio-
n-evarsion range of motion. The results of this
study found that ankle sprain had no significant
effect on judgements of joint position. In contrast
Jerosch and Bischof (1996) have reported that
subjects with 2 history of recurrent ankle sprains
exhibit a deficit in active replication of joint
position in the inversion range of motion; while
Boyle and Negus (1998) observed a deficit in passive
joint position replication in the planter flexion—in-
version range of motion,

Kinaesthesia

Garn and Mewton (1988} undertock a study to
determine whether subjects with a history of
recurrent ankle sprain displayed deficits in the
detecticn of passive plantar flexion in the injured
ankle joint when compared to the non-injured
ankle joint. Results of the study indicated that
subjects had significantly greater difficulty detect-
ing passive motion in the injured ankle compared to
the non-injured ankle, a finding which has been
supported by Mulloy Forkin et al. {1994). A similar
result was reported by Lentell et al. (1995) for the
inversion range of motion. In contrast to these
studies, bwa more recent investigations have shown
that the ability to detect passive plantar flexion
and dorsifiexion and inversion and eversion is not
impaired in subjects with FAl (Refshauge et al.,
2000; Hubbard and Kaminski, 2002).

When considering the results of the studies
cutlined above cne must be aware of the following
limitations. All of these studies, except that of

Boyle and MNegus (1998) investigated uniplanar
mavements. Ankle and foot motion rarely fnvolves
uniplanar meation and thus these studies may not be
accurate indicators of joint position sense during
high-speed functional activities. All of the studies
outlined above have involved assessment of the
ability to perceive open-chain passive joint position
or the ability to actively reproduce a chosen open-
chain joint position. The most prevalent mechan-
ism of injury of the lateral ligament complex of the
ankle is one of inversion, plantar flexion and
internal rotation (Garrick, 1977). This position
involves a compressive loading of the joint surfaces
in a weight-bearing position: hence the studies
outlined above have not replicated this injury
mechanism in terms of injurious range of motion,
and thus must be interpreted with caution.
Furthermore the angular velacities utilized in the
studies do not replicate the angular velocities,
which occur during functivnal activities and hence
the results of the studies must be interpreted with
caution. Actively contracting muscles provide
kinaesthetic information that is not present when
a joint s moved passively (Garm and Newton, 1988).
Thus even if an individual presents with kinaes-
thetic deficits in passive movernents, compensatory
kinaesthetic mechanisms may exist to enable the
individual to participale in functional activities
without apparent movement or balance problems.
Evidence for this compensatory mechanism has
been reported by Konradsen et al.{1993) whom
have shown that anaesthesia of the ankle and foat
complex rendered assessment of passive ankle
position impossible, fully blocking afferent input
to the CN5 frem capsular and ligamentous mechan-
oreceptors. However, active joint position sense
persisted, indicating that this sense was sub-served
by receptors in the musculature proximal to the
anaesthetized area,

The role proprioceptive deficits in the develop-
ment of Fl has yet to be fully elucidated and thus
further studies zre warranted to determine the
exact contribution of proprioceptive deficits te
functional performance deficits in subjects with FI.
A study by Eils and Rosenbaum (2001) has shown
that 2 6-week multi-station proprioceptive exercise
program enhanced joint position sense as measurad
by a passive angle reproduction test in subjects
with Fl. The same exercise program was also shown
to improve postural sway measures and muscle
response times to an inversion perturbation.
Perhaps of more interest was that a 1-year follow-
up, Fl subjects reported a reduced freguency of
ankle joint inversion injury of almost 60%. The
results of this study are further supported by a
study by Clark and Burden (2005) who have shown
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that a 4-week wobble beoard exercise program
produced a significant imprevement in Fl subjects’
perception of ankle stability when measured by
the Ankle Joint Functional Assessment Tool gues-
tionnaire as well as a reduction in the response
time of the peroneus longus muscle to inversion
perturbaticn.

Peroneal reflex stabilization deficits

Freeman et al. (1965) have proposed that the basic
mechanism of ankle instability following ankle
injury develops due to the lesion of mechanore-
ceptors in the joint capsule and ligaments sur-
rounding the ankle. This theory proposed by
Freeman et al, (1965) is known as articular deaf-
ferentation. According to this theory, dynamic
stability of the ankie joint is dependent upon the
ability of the evertors (peronei) to react quickly to
sudden inversion perturbations, to develop suffi-
cient tension to prevent injurious ranges of ankle
motion, and thus prevent sprain of the lateral
ligament complex of the ankle. Individuals with FI
could have delayed and diminished reflex responses
in the evertor muscle of their affected ankle in
reaction to an inversion stress due to altered
capsular and ligamentous afferent input. It has
been suggested that an increase in the response
time of the peronei to sudden inversion may have
highly significant consequences in terms of risk of
injury to the lateral ligament complex of the ankle
(Wilkerson and MNitz, 1994}, Numerous studies have
investigated this hypothesis, with the main focus of
the studies being the analysis of the reaction of the
peronsi to sudden unexpected inversion stresses,
lsakov et al. (1988) used a uni-axial tilting
platform to induce sudden unexpected inversion
while concomitantly recording peroneal EMG activ-
ity. The results of this study found no difference in
the peroneal reaction times when control group
profiles were compared to those of a group of
subjects with recurrent ankle sprains. Furthermore
no significant differences in mean reaction times
between the involved and uninvalved ankles in the
subjects with recurrent ankle sprains were found.
Konradsen and Ravn (1990) utilized a similar testing
method to that of Isakov et al, (1988) o examine
and compare peroneal reaction time to sudden
joint mation in 2 group of subjects with Fl and a
group of control subjects without ankle instability.
The Fi greup exhibited significantly longer peroneus
langus and peroneus brevis reaction times to the
inversion stress. Thus the authors concluded that
the increase in peroneal reaction time paints to a
reflex deficit in the peripheral reflex stabilization

of the ankle. Hence the results of this study
substantiate the theory of a proprioceptive deaf-
ferentation being responsible for Fl as proposed by
Freeman et al. (1965). Karlsson and Andreasson
{1992) when comparing the reaction times of the
peronei to sudden inversion found that the involved
limbs of individuals with unilateral CAl demon-
strated significantly longer peroneus longus and
peroneus brevis reaction times when compared to
the uninvolved limb, thus supporting the results of
Konradsen and Ravn (1990). Ebig et al. {1997)
examined the EMG response time of the peroneal
and tibialis anterior muscles in response to sudden
plantar flexion/inversion stress in a group of
subjects with Fl—subjects acted as their own
controls. The results of this study indicated no
significant differences between the stable and
unstable ankles for the peroneal and tibialis
anterior muscles. The authors concluded that the
results of the study suggest that the self-reported
functional ankle instability may not result in a
diminished reflex response time of the peronsal
and tibialis anterior muscles to sudden plantar
flexion/inversion stress.

The studies of Konradsen and Ravn (1990) and
Karlsson and Andreasson (1992) support the theary
of articular deafferentation put forward by Free-
man et al. {1965), while the studies by Isakov el al.
{1986) and Ebig et al, {1997) refute this theory.
Thus there appears to be little agreement in the
literature as to whether there is really a2 delayad
peroncal response time to swdden. nnexnected.
inversion stress.

More recent studies suggest that Freemanetal.'s
(1963) theory of articular deafferentation may nat
be the main physiological mechanism underlying
Liwe development of FAlL Konradsen et al, (1993)
investigated the peroneal reflex reaction time to
sudden ankle inversion before and after regional
block of the ankle and foot with local anaesthetic.
Anaesthesia of the ankle totally blocked the
afferent input from mechanoreceptors in the
ligaments and capsule of the ankle. The peroneal
reaction time to sudden ankle inversion was not
altered. Articular deafferentation made no diffar-
ence to response time. The authors concluded that
afferent input from the active calf musculature is
responsible for dynamic ankle protection against
sudden ankle inversion.

The ability of the peroneal musculature to
provide dynamic ankle protection against sudden
unanticipated ankle inversion has been guestioned
{Ashton-Miller et al., 19956; Konradsen et al., 1997).
After the delay due to newral latencies, which
typically range from 85 to 90ms until mycelectric
activity is first observed, there is an additional
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delay because muscle contractile mechanics dic-
tate that a further 90 ms is required by a muscle to
develop contractile force to even half-maximal
levels (Ottaviani et al., 1995). Konradsen et al.
{1997} has shown that unlimited subtalar inversion
from a standing position would put the lateral
ligament complex at risk of sprain after approxi-
mately 100ms. Thus Konradsen et al. (1997) have
concluded that the ankle musculature cannct react
fast enough to protect an ankle from injury in the
case of sudden unanticipated inversion stress. It
therefore seems that Fl is not simply the result of a
disorder of peripheral reflex control of ankle
stability. In the case that ankle inversion occurs in
less than 100ms, it is clear from the bwo con-
secutive time delays aforementioned (85 and
90ms) that the evertor musculature must be
activated prior to the onset of the external forces
during ground contact to provide dynamic ankle
stahility, thus indicating that a higher level of
motar control exists to afford dynamic ankle joint
stability.

Altered arthrokinematics and
arthrokinetics during dynamic activity

It has been suggested that inappropriate position-
ing of the foot and ankle joint complex could be a
potential contributing factor to the development of
inversion sprain of the lateral ligament complex of
the ankle joint (Tropp, 2002). Garrick (1977} has
suggested that the most common mechanism of
sustaining an inversion injury involves a compres-
sive loading of the foot/ankle complox in a position
of inversion, plantar flexion and internal rotation.
Using a muscle madel driven computer simulation
Wright et al. (2000) have shown that an increased
touchdown plantar flexed position of the ankle
joint increases the susceptibility of inversion
sprain. However, the limitation of this study lies
in the fact that it was a computer simulation model
and extrapolation to in vivo conditions s purely
conjecture. Caulfield and Garrett (2002) examined
the lower limb sagittal plane movement during a
single-leg drop jump in a group of non-injured
control subjects and a group of subjects with FI.
Results of this study showed that Fl subjects had a
greater time averaged dorsiflexed position of the
ankle joint during the time period from 10 ms pre
landing to 20ms post landing. F1subjects also had a
greater time averaged knee flexion than controls
during the time period from 20ms pre landing to
B0ms post landing. Based on the timing of the
differences noted the authors concluded that the
observed differences noted in the Fl group were

likely to be the result of changes in central
patterning rather than reflex control. In a later
study the same authors investigated patterns
of GRF in subjects with FI compared to a nen-
injured control group during a single-leg drop jump
(Caulfield and Garrett, 2004). F1 subjects differad
from control subjects in terms of peak lateral and
anterior GRF components as well as time averagead
vertical, frontal and sagittal components of GRE
The obscrved differences were manifasted imme-
diately post landing and too early for reflex
correction to take place. Thus the authors con-
cluded that the ohserved differences in the variaus
components of GRF could lead to abnormal stress
being applied to the ankla joint leading to repeated
injury to the supporting structures of the ankle
joint. From the data presented above it appears
that during jump landing procedures that subjects
with F| suffer from deficits in arthrokinematics and
arthrokinetics, which could render the functionally
unstahle ankle joint more susceptible to further
injury.

Ankle sprains do nol only ocour during landing
from a jump. It is common place for subjects with F
to experience episodes of "giving way™ of their
ankle joint during activities with slight or ng extemnal
provocation, such as during gait (Konradsen, 2002).
Using a cadaver study of simulated gait Kenradsen
and Voigt {2002) showed that if the foot is inverted
to such an extent that causes the lateral edge of the
foot to collide with the ground, the propulsive
energy of the lower extremity could force the
ankle/foot complex to rotate into 40° of inversion
40° of plantar flexion and 307 internal rotation,
resulting in a hyperinversion injury and subseguent
sprain of the lateral ligament complex of the ankle
joint. In a more recent study Monaghan et al. (2006)
have shown that subjects with Fl exhibited altered
ankle joint kinematics and kinetics during owver-
ground walking at their self-selected velocity. In this
study the subjects with Fl were found to have a mare
inverted position of the ankle joint prior to and
immediately following heel-strike compared to a
non-injured healthy control group, as well as a
concentric evertor moment, while control subjects
exhibiled an eccenlric invertor moment following
heel-strike. The observed differences in inversion
range of motion between the Fl and control group
could lezave the Fl group vulnerable to inversion
sprain, as Tropp (2002) has suggested that following
heel-strike, the line of action of the GRF is
dependent upon the position of the foot in relation
to the centre of gravity and inertia. Thus if the ankle
joint is held in a more inverted position when heel-
strike cocurs, an external inversion load is placed
upon the ankle joint, thus increasing the potential
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for & hyperinversion injury and sprain of the lateral
ligaments.

During the rehabilitation stage following an
inversion sprain, gait training may be an overlooked
component of rehabilitztion, Braces may be an
important component of rehabilitaticn protocols
following injury to the lateral igament complex of
the ankle joint if they can function to help prevent
the potentially injurious excessive inversion range
of motion noted in subjects with FI,

Conclusion

FI may occur without any objective signs of Ml of
the ankla. Dynamic balance deficits do seem to be a
consistent finding in individuals with Fl, and thus
renabilitation protocols should endeavour to in-
corporate exercites which will challenge the
pastural control system. Recent reports suggest
that dynamic postural control exercises such as
Lraining on wobble boards and uneven surfaces can
produce significant improvements in dynamic bal-
ance in subjects with Fl. The role of proprioceptive
deficits in the development of FI has yet to be fully
elucidated and thus warrants further investigation.
There seems to be no specific strength deficits in
the evertors of the ankle joint but strength deficits
are apparent in the invertor musculature. Thus
rehabilitation protocols should incorporate ec-
centric strength training of the invertor muscula-
ture. There is mounting evidence to suggest that
the timing of evertor muscle activity may be
critical in the devclopment of residual symptoms
following an inversion injury episode. Furthermaore
the physialogical mechanisms underlying these
deficits do not appear to be simply a disorder of
articular deafferentation leading to decreased
peroneal reflex stabilization, and thus the role of
changes in central motor programmes warrants
further intensive study. Rehabilitation protocols
should place emphasis of activities that can
enhance pre-programmed feed-forward synergistic
muscle activity, Activities such as training correct
timing and execution of landing technigues could
be successful in achieving this objective.
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