










calcaneal nerves (34). Although sural and tibial nerve inju-
ries can occur in conjunction with ankle sprains (14), it is
unlikely that direct nerve trauma is the source of the so-
matosensory alterations in this investigation because deficits
were only demonstrated at the lower test frequencies. Defi-
cits at the 10- to 50-Hz frequencies would indicate that the
involved mechanoreceptors include Ruffini organs, Merkel
disks, and Meissner corpuscles (37). Pacinian corpuscles are
stimulated at much higher frequencies (200 Hz) and seemed
to behave similarly in both groups based on the thresholds
attained from higher test frequencies (125 and 250 Hz),
which were explored in the early stages of data collec-
tion and later abandoned. This is further supported by a
linear trend in P values and ES exhibited across the 10-Hz
(P G 0.0001, average ES = 2.10), 25-Hz (P = 0.03, average
ES = 0.93), and 50-Hz (P = 0.04, average ES = 0.85) test
frequencies. This suggests that the lower plantar cutaneous
sensitivity exhibited by the CAI group is contextually de-
pendent on the frequency of the stimulus rather than loca-
tion. These changes in sensation may be associated with
alterations in spinal or cortical levels of the central nervous
system after joint injury, which may influence the behavior
of peripheral afferent receptors. This is supported by recent
studies (31,32), which identified deficits in cutaneous vi-
bratory detection threshold in individuals with hip and knee
osteoarthritis at multiple sites on the lower extremity as well
as the radial tuberosity on the upper extremity. This indi-
cates that lower extremity pathologic abnormalities may be
associated with global changes in cutaneous sensation in
response to joint trauma. Because this study is limited to
detection thresholds on the plantar surface, future research
should examine if the higher detection thresholds associated
with CAI are local or global in nature.

Examining the extent to which sensory alterations occur
may also elucidate the underlying mechanism of these sen-
sory deficits. Unlike the causes for desensitization of plantar
cutaneous mechanoreceptors associated with neurodegener-
ative health conditions or normal aging (30), the underlying
mechanism for decreased plantar cutaneous vibratory acuity
in people with CAI is unclear. However, it can be speculated
that these sensory alterations may be the result of presyn-
aptic inhibition of cutaneous mechanoreceptors from de-
scending pathways of the central nervous system to reduce
the large amount of sensory information coming from these
receptors (33). This would allow the sensorimotor system to
focus on critical events requiring immediate attention to
maintain gait and posture; however, it may have deleterious
implications on the overall quality of the motor output,
which may contribute to ongoing recurrent sprains and/or
episodes of giving way that people with CAI often experi-
ence. It may be that the behavior observed in this study is
capturing a unique impairment or sensorimotor adaptation
associated with CAI. Although no direct connection can be
made between sensorimotor function and plantar cutaneous
detection thresholds in this investigation, those with CAI
reported reduced functional capacity during the previous

week on the FAAM and the FAAM Sport self-reported
function scales.

Lower vibrotactile sensitivity at frequencies ranging from
10 to 50 Hz may provide insight into functional impairments
in gait and postural control because these inputs closely
correspond with the spectral bandwidth of frequencies as-
sociated with these tasks (10). Recent meta-analyses have
concluded that both dynamic and static postural control is
decreased in individuals with CAI (3,39). In addition, stud-
ies investigating gait initiation and termination have identi-
fied alterations in feed-forward and feedback neuromuscular
control (11,38). Although several impairments may con-
tribute to these previous findings, the results of this current
investigation suggest that these deficiencies could be linked
to altered plantar cutaneous somatosensation. Future re-
search should systematically evaluate the relationship be-
tween altered plantar cutaneous sensitivity and sensorimotor
system impairments in people with CAI.

Changes in cutaneous afferent input may also have a role
in regulating >-motoneuron pool excitability in the lower
extremity (29). There is a clear relationship between plantar
cutaneous mechanoreceptors and soleus >-motoneuron pool
excitability (29). Increased stimulation to the plantar recep-
tors of the heel produced a significant facilitation in the so-
leus motoneuron pool excitability of healthy adults (29).
It has been established that people with CAI exhibit soleus
>-motoneuron pool inhibition (20). Soleus muscle inhibition
associated with CAI had been purported to be related to
ankle joint trauma (20); however, the inhibition may be
arising from a loss of essential noise from the plantar cuta-
neous receptors. In this study, we found that subjects with
CAI had significantly reduced detection sensitivity, specifi-
cally around the heel. Alterations in >-motoneuron pool
excitability and concurrent changes in cutaneous sensation
have not been investigated after ankle injury. Coexisting
changes in neuromuscular function and sensory input could
contribute to a decreased ability to create both local and
global defense mechanisms in the presence of unexpected
inversion or supination (9). Future exploration in this area is
warranted because establishing the relationship between
sensory alterations and sensorimotor function may facilitate
the development of new interventions to address the func-
tional impairments exhibited by CAI.

This study was not without limitations. Based on the ret-
rospective design, we are unable to establish a causal rela-
tionship between CAI and decreased plantar cutaneous
sensitivity. Future studies should prospectively investigate
changes in plantar cutaneous sensation after ankle sprains.
Because detection threshold was the only dependent mea-
sure in this investigation, we are unable to directly link the
findings of this investigation with previously identified
decreases in postural control or alterations in gait. In addi-
tion, detection threshold assessment is based on perceptual
responses and although achieving the detection threshold is
based on multiple responses using the adapted staircase
method of introducing vibrotactile inputs, it is unknown if
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any additional confounders were present, which may affect
the results. Also, this study did not measure vibrotactile
acuity in the uninvolved limb. A bilateral, within-subject
comparison was not collected in this study because of its
exploratory nature and because several subjects demonstrated
bilateral CAI. As previously mentioned, future studies should
determine whether these changes are localized to the involved
limb or if alterations in cutaneous sensation occur globally.

Finally, the sample included in this study was relatively
small. Although an a priori power analysis was not con-
ducted, post hoc power analyses determined we had ample
observed power to detect group effects (OPs = 0.57–0.99);
however, for our nonsignificant interactions, the observed
power was very low (OPs = 0.05–0.26). This indicates that if
the ES were to remain constant, the number of subjects re-
quired to detect group differences at individual stimulation
sites would require a very large sample size (G200 per
group), which would be unrealistic for psychometric testing
if these differences were to exist. We believe that the addi-
tion of the ES and 95% CI strengthen our findings by
highlighting the magnitude of difference between groups
and also the similarity in behavior exhibited across stimu-
lation sites in each group for each respective frequency. In

some cases, the 95% CI narrowly encompassed zero, which
may be remedied by increasing sample size. However, when
cumulatively examining the ES in this study, there was an
obvious trend toward the strong group effects.

In conclusion, the results of this study indicate that
individuals with CAI demonstrate higher plantar cutane-
ous vibrotactile detection thresholds or decreased sensi-
tivity on the plantar surface when compared with adults
with no history of ankle sprain. These findings were as-
sociated with test frequencies ranging from 10 to 50 Hz,
which may shed insight into the common functional im-
pairments previously identified in those with CAI. Future
research is needed to determine the role of altered plantar
cutaneous somatosensation in the development and reha-
bilitation of CAI.
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