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ABSTRACT: Introduction: Nerve conduction studies provide
information regarding the status of peripheral nerves, but rela-
tionships with sensorimotor capacities that influence mobility
have not been defined. Methods: A secondary analysis was
conducted on data from 41 older subjects (20 women and 21
men, age 69.1 6 8.3 years), including 25 with diabetic neuropa-
thy of varying severity and 16 without diabetes or neuropathy.
Measurements included routine fibular motor nerve conduction
studies and laboratory-based determination of ankle inversion/
eversion proprioceptive thresholds and ankle inversion/eversion
motor function. Results: Independent of age, fibular amplitude
correlated robustly with ankle inversion/eversion proprioceptive
thresholds (R2 ¼ 0.591, P < 0.001), moderately with ankle
inversion and eversion rates of torque generation (R2 ¼ 0.216;
P ¼ 0.004 and R2 ¼ 0.200; P ¼ 0.006, respectively), and more
strongly when fibular motor amplitude was normalized for body
mass index (R2 ¼ 0.350; P < 0.001 and R2 ¼ 0.275; P ¼
0.001). Conclusions: Fibular motor amplitude was strongly
associated with ankle sensorimotor capacities that influence lat-
eral balance and recovery from perturbations during gait. The
results suggest that nerve conduction study measures have
potential for an expanded clinical role in evaluating mobility
function in the population studied.
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Nerve conduction studies (NCS) have been used
effectively to provide clinicians and researchers
with information regarding the status of peripheral
nerves. Despite being a physiologic study, NCS
results correlate well with histologic and ultrasono-
graphic findings.1,2 However, less research has
been devoted to the ability of NCS to predict the
sensorimotor capacities of a limb. The precise rela-
tionship between lower limb nerve conduction
studies commonly used in clinical practice and
lower limb sensorimotor function that influences
mobility has not been defined clearly.

In general, prior work in the area suggests that
compound muscle action potential (CMAP) ampli-
tudes correlate with strength. For example, in 2
studies of patients with chronic inflammatory
demyelinating polyradiculopathy, CMAP amplitude

correlated with grip strength3 and overall muscle
strength, as determined by dynamometry.4 Simi-
larly, grip strength and CMAP amplitude were
related in patients with Charcot–Marie–Tooth dis-
ease.5 Significant relationships between NCS and
strength have also been found in focal peripheral
neurologic disorders. Grip strength and CMAP am-
plitude correlated with one another in rats under-
going transection and repair of the median nerve,6

and strength of the first dorsal interosseous muscle
was related to percentage of conduction block in
subjects with ulnar neuropathy at the elbow.7 How-
ever, no studies have defined the relationship
between a routine lower limb nerve conduction
study and ankle sensory or motor function in
humans.

It is well recognized that patients with diabetes
mellitus undergo a decrement in muscle strength.
This decrement is more marked in the lower
limbs,8 seems to affect those with symptomatic neu-
ropathy most severely,9 and is responsible for a dia-
betes-related decline in function with aging.10 This
point is underscored by studies that confirm a
markedly increased rate of injurious falls in older
persons with neuropathy.11,12 Lateral falls are most
likely to cause injury,13 and it is increasingly recog-
nized that a decrement in lateral (or frontal plane)
control leads to fall-related injury.14 As a result,
the relationships between routine NCS and ankle
sensorimotor function relevant to frontal plane
control are of clinical importance. Therefore, the
objective of this study was to identify relationships
between NCS of the fibular nerve and ankle senso-
rimotor function relevant to frontal plane postural
control in a secondary analysis of data from a
group of subjects that included healthy older per-
sons and older persons with a spectrum of distal
symmetric polyneuropathy (DSPN) due to diabetes
mellitus. It was hypothesized that increasing fibular
motor amplitude (FMAmp) and conduction velocity
(FMCV) would correlate with smaller (more precise)
ankle proprioceptive thresholds (H1) and greater
ankle strength (H2). The effect of age and ankle
flexibility, both of which could potentially confound
the relationships between NCS measures and ankle
sensorimotor capacities, were also evaluated. It was
hypothesized NCS measures would predict ankle
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sensorimotor capacities independent of the effect of
age (H3a) and ankle flexibility (H3b).

METHODS

The subjects and methods for determining frontal
plane ankle sensorimotor functions have been
described previously.15

Subjects. Subjects were recruited from the Uni-
versity of Michigan Orthotics and Prosthetics
Clinic, the Endocrinology Clinic, and the Older
Americans Independence Center Human Subjects
Core. The research protocol was approved by the
institutional review board of the University of
Michigan, and all participants provided written
informed consent. Eligible subjects were between
the ages of 50 and 85 years, weighed �136 kg, had
not fallen within the month prior to participation,
and were free of central neurologic disease, vestib-
ular disorders, symptomatic coronary artery dis-
ease, plantar skin sores or joint replacement within
the previous year, symptomatic postural hypoten-
sion, severe musculoskeletal deformity (e.g., ampu-
tation or Charcot changes), lower extremity or
back pain that limited standing to <10 minutes,
were able to walk 1 block or more, and had greater
than anti-gravity ankle strength (grade �3 by man-
ual muscle testing). Subjects with DSPN had a his-
tory of type 2 diabetes mellitus confirmed by
review of records and the ongoing use of oral
hypoglycemic agents or insulin. The presence of a
distal symmetric peripheral neuropathy (DSPN)
was confirmed by: (a) symptoms (subject reported
altered sensation in the distal lower limbs); (b)
signs (Michigan Diabetes Neuropathy Score;
MDNS) �1016; and (c) bilaterally abnormal fibular
motor NCS (recording over the extensor digito-
rum brevis, defined as amplitude <2.0 mV, latency
>6.2 ms, and/or conduction velocity <41.0 m/s,
using Nicolet Viking 4). Subjects without DSPN
had no history of diabetes mellitus, no symptoms
or signs of DSPN (MDNS <10), and normal fibular
NCS. Subjects were excluded if they reported a fall
within 1 month of testing. As part of the initial ex-
amination, ankle range of motion was determined
for dorsiflexion, inversion, and eversion using
standard goniometric techniques.17

Nerve Conduction Studies. Fibular motor NCS pa-
rameters served as independent variables. The
limbs were warmed to 32.0�C as is standard, and
temperatures were re-evaluated at the end of the
studies and recorded. The recording electrode was
placed over the extensor digitorum brevis muscle
with the reference electrode distally over the ex-
tensor tendon. The fibular nerve was stimulated 9
cm proximally and then, assuming a CMAP was

obtained, just distal to the fibular head. Fibular
CMAP amplitude (FMAmp) was measured from
baseline to negative peak, and latencies and con-
duction velocities were determined in the usual
fashion. Studies were all performed by the first in-
vestigator (J.K.R.) approximately 7–14 days prior to
measurement of ankle sensorimotor functions.

Ankle Sensory Function. Frontal plane ankle pro-
prioceptive threshold was determined while the
subjects were standing, with the test foot in a 40 �
25 cm cradle, which was rotated by a servomotor
(Aerotech 1000) equipped with an 8000-line rotary
encoder. After an audible warning, a single ankle
inversion or eversion rotation of 0.1�–3� was ran-
domly presented at 5�/s. The subject then tilted a
joystick handle in the perceived direction of foot
rotation. Four blocks of 25 trials (randomly, 10
eversion, 10 inversion, and 5 neutral, or dummy)
were presented interspersed with 2–5-min rest peri-
ods. The outcome measure was the ankle proprio-
ceptive threshold, defined as the smallest rota-
tional displacement of the ankle that a subject
could detect reliably with 100% accuracy.

Ankle Motor Function. Ankle motor function was
evaluated to determine maximal voluntary contrac-
tion (MVC) and rate of torque development
(RTD). During MVC testing, subjects stood on a
force platform touching the hand rails on both
sides as needed. Subjects were then asked to lift
one leg, shift their center of gravity as far lateral
under their foot as they could, and lift their hands
from the rails for 3 s. After a practice trial to con-
firm that the subject understood directions, the
test was repeated 3 times for the lateral, and then
likewise repeated for the medial margin of the
foot. During testing of ankle frontal plane RTD,
subjects stood on the test foot on a force plate
(OR-6; Advanced Mechanical Technology, Inc.)
and moved the center of ground support reaction
from the lateral margin of the foot (by ankle inver-
sion) to the medial margin (by ankle eversion) as
quickly as possible, then again to the lateral mar-
gin, as described in prior work. Subjects were pro-
vided with real-time visual feedback of the location
of the center of ground reaction to inform their
efforts. After a practice trial to confirm that the
subject understood directions, 3 trials, each with 5
medial–lateral movements, were performed. Sub-
jects were allowed to touch a horizontal railing to
keep their balance (Fig. 1).

Data Processing. Signals were amplified to volt lev-
els before being acquired using a 12-bit analog-to-
digital converter, which sampled at 100 HZ. The
MVC efforts at the ankle, as well as the maximal
RTD, were normalized by individual body size,
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defined as body height multiplied by weight (units
of N�m). Strength data were processed using a sec-
ond-order least-squares polynomial fit (LabVIEW)
to determine the peak value. The mean peak value
obtained from the 3 trials for each test was used
for the statistical analyses. To determine each pro-
prioceptive threshold, the mean threshold per-
ceived with 100% accuracy from the 4 blocks of 25
trials in each test direction was calculated. An over-
all measure of ankle proprioception was found
from the sum of the inversion and eversion pro-
prioception thresholds.

Statistical Analyses. SPSS (version 19.0) for Win-
dows was used for all analyses (SPSS, Inc., Chicago,
Illinois). FMAmp and FMCV were independent
variables, whereas age and ankle range of motion
were considered as covariates. Dependent variables
included ankle proprioceptive threshold (the sum
of inversion and eversion thresholds), ankle inver-
sion and eversion MVC, and ankle inversion and
eversion RTD. The data were evaluated for normal-
ity via measures of skewness and kurtosis, and the

presence of outliers by visual inspection; no data
points were excluded. Descriptive statistics were
calculated for all variables. Pearson product corre-
lation coefficients were determined and used to
identify relationships between the independent
and dependent variables and between the covari-
ates age and range of motion and the dependent
variables. When the independent variable and a
covariate both demonstrated significant relation-
ships with a dependent variable, multiple regres-
sion was used to establish the independence and
relative strength of those relationships.

RESULTS

Subjects. Ninety-one subjects were considered for
study. Of these, 21 failed telephone screening, and
18 declined participation. Of the 52 remaining
subjects, 3 had scheduling conflicts, and 5 failed
the screen. Of the 44 remaining subjects, 1 was
lost to follow-up, and 2 discontinued participation
due to medical concerns. Thus, 41 subjects were
evaluated fully. Technical difficulties led to ab-
sence of data for 1 subject. Mean and standard
deviation for age, body mass index (BMI), and
MDNS, together with the participant fibular NCS
values, are shown in Table 1. Of the 25 subjects
with diabetes, the subjects’ report of disease dura-
tion was 19 6 13.2 years, and duration of insulin
use among the 13 subjects requiring it was 13.5 6

16.5 years. Subjects reported common symptoms
ranging from numbness in the forefeet to numb-
ness distal to the knees, and 11 subjects reported
neuropathic pain or burning.

H1: Fibular NCS Measures and Ankle Proprioceptive

Thresholds. Proprioceptive nerve conduction ve-
locity (PNCV) demonstrated a significant negative
relationship with ankle proprioceptive thresholds
(i.e., increased conduction velocity was associated
with smaller, or more precise, proprioceptive thresh-
olds) with the former explaining about 25% of the
latter (Table 2). FMAmp demonstrated a robust
relationship with ankle proprioceptive thresholds,
explaining almost 60% of its variability (Fig. 2).

FIGURE 1. Device for measuring ankle inversion/eversion pro-

prioceptive thresholds.

Table 1. Demographic information and fibular nerve conduction study measures of the study subjects (mean 6 SD).

Non-diabetic subjects Diabetic subjects

Parameter All (n ¼ 16) Men (n ¼ 6) Women (n ¼ 10) All (n ¼ 25) Men (n ¼ 15) Women (n ¼ 10)

Age (y) 67.8 6 9.0 67.8 6 11.0 67.8 6 8.0 70.0 6 8.2 71.5 6 7.2 67.8 6 9.4
BMI* (kg/m2) 28.4 6 7.2 26.2 6 3.3 29.6 6 8.7 32.4 6 6.4 30.3 6 5.4 35.7 6 6.8
MDNS (0–46) 1.7 6 3.8 2.5 6 7.1 1.2 6 1.5 13.6 6 6.0 14.1 6 6.5 12.7 6 5.5
FMCV† (m/s) 44.9 6 5.3 41.6 6 6.6 46.5 6 4.1 37.2 6 5.6 37.2 6 4.5 37.5 6 7.6
FMAmp (mV) 4.7 6 1.6 4.7 6 2.1 4.7 6 1.5 2.4 6 2.1 2.0 6 1.7 2.8 6 2.6
FMAmpBMI (mV/BMI) 17.7 6 8.4 18.7 6 10.6 17.1 6 7.7 7.5 6 7.1 6.5 6 5.4 8.8 6 9.0

BMI, body mass index; FMAmp, fibular motor amplitude; FMCV, fibular motor conduction velocity; MDNS, Michigan Diabetes Neuropathy Score.
*Mean BMI ¼ 31.0 6 6.9 kg.
†Diabetic group vs. non-diabetic group differences in FMCV, FMAmp, and FMAmpBMI were all significant (P < 0.001).

Ankle Sensorimotor Capacities MUSCLE & NERVE April 2013 499



H2: Fibular NCS Measures and Ankle Motor

Function. FMCV demonstrated no significant rela-
tionship with ankle inversion or eversion MVC.
FMAmp demonstrated statistically significant, but
weak, relationships with these same motor func-
tions. Similarly, FMCV showed significant, but
weak, relationships with ankle inversion and ever-
sion RTD. However FMAmp correlated significantly
with ankle inversion and eversion RTD. When
FMAmp was normalized for BMI (fibular ampli-
tude / BMI � 100; FAmpBMI), the correlations
became stronger and explained over one-third of
the ankle inversion and eversion RTD.

H3a: Ankle Sensorimotor Function and Age. There
were no significant relationships between age and
any of the ankle sensorimotor functions except for
ankle inversion RTD. In that instance the 2 variables
showed a significant negative correlation of 0.331 (P
¼ 0.039). When age was introduced into a regres-
sion equation with FMAmp and FMAmpBMI, the sig-
nificance of these measures remained (P < 0.001
and 0.006, respectively), but that of age did not (P
¼ 0.051 and 0.060, respectively).

H3b: Ankle Sensorimotor Function and Ankle Range of

Motion. Dorsiflexion range of motion demon-
strated significant correlations with proprioceptive

threshold (�0.363/0.018), inversion RTD (0.435/
0.006), and eversion RTD (0.331/0.040). However,
all became insignificant when entered into a regres-
sion model, including FMAmp or FMAmpBMI. No
significant relationships between any of the ankle
sensorimotor function measures and ankle inver-
sion or eversion range of motion were identified.

Post Hoc Analysis: Considering Subjects with and

without DSPN Separately. Although this study was
not designed or planned for the purpose of analyz-
ing fibular NCS and ankle sensorimotor functions
within the more narrow ranges of peripheral neu-
rologic health offered by the subjects with and
without DSPN, such an analysis is of interest to
clinicians. Therefore, a post hoc analysis was per-
formed to determine whether relationships
between NCS and ankle sensorimotor function
remained when subjects with and without diabetic
DSPN were considered separately. Among subjects
with DSPN (n ¼ 25), ankle proprioceptive threshold
and FMAmp were strongly correlated (�0.660/0.000).
However, the relationships between ankle inversion
RTD and FMAmp and FMAmpBMI were not signifi-
cant (0.205/0.326 and 0.273/0.186, respectively).

When subjects without DSPN (n ¼ 16) were
considered separately, there were negative relation-
ships between ankle proprioceptive threshold
and FMCV (R/P ¼ �0.737/0.002) and FMAmp
(�0.494/0.061). There were also significant rela-
tionships between ankle inversion RTD and FMAmp
(0.630/0.028) and FAmpBMI (0.674/0.016).

Summary of Results. In summary, FMAmp corre-
lated more strongly with ankle sensorimotor func-
tions than did FMCV. FMAmp demonstrated a
strong inverse relationship with frontal plane ankle
proprioceptive threshold, predicting almost 60%
of the proprioceptive threshold. The indirect rela-
tionship indicates that, as FMAmp increased, the
proprioceptive threshold decreased or became
more precise. This same relationship between
FMAmp and ankle sensory function was present
when the subjects with and without DSPN were
considered separately. FMAmp also correlated sig-
nificantly with ankle motor function, but the

Table 2. Relationships between fibular nerve conduction study measures and ankle sensorimotor capacities.

Conduction velocity R/P-value/R2 Amplitude R/P-value/R2 Amplitude Nbmi R/P-value/R2

(N ¼ 35) (N ¼ 40) (N ¼ 40)

Ankle Inv/EvPropTh �0.493/0.003/0.243 �0.768/<0.001/0.591 �0.679/00.001/0.461
Ankle inversion MVC �0.063/0.736/0.004 0.310/0.070/0.096 0.367/0.030/0.135
Ankle eversion MVC 0.171/0.350/0.029 0.368/0.025/0.135 0.379/0.021/0.144
Ankle inversion RTD 0.306/00.089/0.094 0.465/0.004/0.216 0.592/<0.001/0.350
Ankle eversion RTD 0.342/0.055/0.117 0.447/0.006/0.200 0.524/0.001/0.275

Inv/EvPropTh, ankle inversion/eversion proprioceptive threshold; MVC, maximum voluntary contraction; nBMI, normalized for body mass index; RTD, rate of
torque development.

FIGURE 2. Scatterplot with a regression line depicting the rela-

tionship between fibular motor amplitudes (in millivolts) and frontal

plane ankle proprioceptive thresholds (in degrees; R2 ¼ .591).
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relationship was not as robust. More specifically,
FMAmp predicted only 10–15% of ankle inversion
or eversion MVC. However, the relationships
between FMAmp and ankle RTD were stronger;
the former predicted about 20% of the latter.
When FMAmp was normalized for BMI it then
explained approximately one-third of ankle inver-
sion and eversion RTD.

DISCUSSION

In this study of a group of older persons with a
spectrum of peripheral neurologic health and
function, FMAmp demonstrated a strong relation-
ship with frontal plane ankle proprioceptive
thresholds; a moderate relationship with frontal
plane ankle RTD; and statistically significant, but
relatively weak, relationship with ankle MVC. These
findings support the hypotheses formulated prior
to the study. The relationship between FMAmp
and ankle motor function was stronger when the
former was normalized for BMI. FMCV was signifi-
cantly and negatively correlated with ankle pro-
prioceptive threshold, but the strength of the rela-
tionship was much weaker than between FMAmp
and proprioceptive threshold. Contrary to the hy-
pothesis, FMCV did not correlate with measures of
ankle motor function, although there were trends
with regard to ankle inversion/eversion RTD.
Importantly, neither age nor ankle range of
motion significantly influenced any of the ankle
sensorimotor capacities when FMAmp or
FMAmpBMI were taken into account. Last, the find-
ings persisted to a large degree when the subjects
with and without diabetic DSPN were considered
separately.

The findings relating frontal plane propriocep-
tion at the ankle with FMAmp are novel and some-
what surprising, given that only motor nerve func-
tion was evaluated. The findings suggest a close
relationship between the FMAmp and large-fiber
sensory function. Similar findings were noted in
patients with chronic inflammatory demyelinating
polyneuropathy in that significant correlations
between sensory sum scores and summated CMAPs
in the lower limbs were identified.18 In addition,
FMAmp was just as effective at predicting ankle
inversion motor function as it was ankle eversion
motor function. This was found despite the former
motion being produced by the tibial-innervated
posterior tibialis muscle along with the fibular-in-
nervated anterior tibialis muscle, whereas the latter
is produced almost exclusively by the fibular-inner-
vated fibularis longus. Taken together the data sug-
gest that FMAmp is a representation of general
ankle sensorimotor function in the population
studied and is not solely a reflection of the func-
tion of the fibular motor nerve itself.

The findings relating strength and FMAmp are
consistent with other work. For example, Andersen
and Mogensen found that decreased peak velocity
of ankle dorsal and plantar flexors correlated with
neuropathy severity in a group of subjects with
longstanding diabetes mellitus.19 In other work,
FMAmp showed significant negative correlations
with nerve fiber density, a measure of collateral
sprouting, which in turn showed negative correla-
tions with ankle dorsiflexion peak torque.20 In
addition, a strong negative relationship between
foot muscle volume and a neuropathy severity
score (which included nerve conduction studies)
was identified.21 Last, in a large study of older
adults with and without diabetes mellitus, FMAmp
correlated significantly with ankle dorsiflexion
strength, and this relationship remained when
only subjects without diabetes mellitus were
included.22 In addition, the presence of a DSPN
without diabetes increased the risk of physical
decline.23 Taken together, the data suggest a
strong relationship between PMAmp and ankle
motor function, and this appears to be true regard-
less of the presence of diabetes mellitus. In con-
trast to the other work, we evaluated ankle motor
function in the frontal plane using a closed chain
technique and normalized the strength for BMI.
The fact that FMAmp remained strongly correlated
with ankle strength despite between-study differen-
ces in measurement technique suggests the finding
is robust in older persons with and without diabe-
tes mellitus.

FMCV showed weaker relationships than
FMAmp for all ankle sensorimotor capacities.
Although we are not aware of any other work relat-
ing nerve conduction studies and proprioceptive
thresholds, others have also noted that the rela-
tionship between ankle motor function and FMCV
is weaker than that between ankle motor function
and FMAmp.22,24,25 The findings are consistent
with a decreased FMAmp being a more reliable in-
dicator of axon loss, which is directly related to
loss of strength, than demyelination, which is less
strongly related to strength loss.26 Other possible
reasons for this finding include a positive relation-
ship between FMAmp and calf muscle density in
older men and women27 and an inverse relation-
ship between FMAmp and nerve fiber density, a
measure of collateral reinnervation in diabetic
DSPN.20 Therefore, FMAmp appears to be a
marker for axon loss, leg muscle density, and col-
lateral reinnervation. All 3 of these factors would
be expected to negatively impact strength and, in
the case of the latter, particularly influence rate of
torque generation given the temporal desynchroni-
zation of muscle fiber depolarization in the setting
of extensive collateral reinnervation.
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The relationships between FMAmp and
FMAmpBMI and ankle sensorimotor capacities
appear to have been confounded by neither age
nor range of motion. Although aging reduces rapid
generation of ankle torque,28 the independent
effect of FMAmp on ankle force generation is con-
sistent with prior evidence that diminished periph-
eral neurologic function independently diminished
lower limb physical function in older women.10 The
relationship between ankle range of motion and
sensorimotor function has not been explored thor-
oughly; however, the plausibility of a negative rela-
tionship between range of motion and ankle motor
function is suggested by findings of a strong rela-
tionship between diabetes mellitus, reduced ankle
range of motion, and degenerative change in ten-
dons in older individuals.29 Other factors associated
with diabetes may have influenced the findings. For
example, diabetes-associated neurocognitive factors
may have diminished attention, which could have
influenced the data, particularly the proprioceptive
threshold protocol, which requires concentration
for an extended period.

It is notable that RTD, a more dynamic mea-
sure of motor function than MVC, correlated more
strongly with PMAmp than did MVC. This finding
is consistent with other work suggesting that type
II fast-twitch fibers are preferentially lost in the set-
ting of distal denervation and aging.30,31 Given the
time-critical nature of neuromuscular responses to
loss of balance and perturbation during gait,28,32,33

the clinical relevance of the relationship between
FMAmp and ankle motor function increases.

The findings have potential for clinical applica-
tion. By their nature, clinical estimates of lower
limb proprioceptive function are subjective. The
objective nature of the fibular NCS allows a greater
degree of certainty regarding proprioceptive func-
tion than is likely possible using other routinely
available clinical techniques. This is particularly
true given the strength of the association between
FMAmp and proprioceptive thresholds. Although
less strong, the relationship between FMAmp and
ankle inversion/eversion RTD, particularly when
normalized for BMI, is still significant. Given the
time-critical nature of effective neuromuscular
responses to loss of balance, frontal plane ankle
RTD must be robust to reliably perform single-
limb stance and tolerate perturbations during gait
without sacrificing gait speed or efficiency.28,32–34

Given this, and the clear association between
reduced lower limb proprioception and falls,35

FMAmp appears to have potential for an expanded
clinical role, extending beyond the provision of in-
formation regarding the presence or absence of
DSPN and the health of the specific fibular nerve
tested. If so, then decreased FMAmp may be an

objective marker of patients with mild balance
impairment, a group for whom a simple home
exercise program can be helpful.36

This study has some limitations. Although the
sample size is relatively large given the highly
quantitative and technical nature of the sensorimo-
tor measurements, the subjects studied may not
accurately reflect the population of older persons
in general, resulting in sampling error. The mea-
surement of ankle motor function in a closed
chain fashion (i.e., with the subject standing) is a
more physiologic method given the role of the
ankle muscles during the stance phase of the gait
cycle; however, the technique may include some
force from frontal plane hip muscles, and full mus-
cle activation could not be confirmed. If so, it
would be anticipated that the ability of FMAmp to
predict ankle motor function would be dimin-
ished. In addition, the investigators were not
blinded to subject status, and the study coordina-
tor was often present for NCS and, 1–2 weeks later,
determination of ankle sensorimotor function. Bias
could have been introduced in this manner,
although this is not likely, given that the results of
the quantitative sensorimotor measurements were
not available until data analyses were done well af-
ter the testing was completed. Another limitation
is the decision to study lower limb capacities
involved in frontal plane control in contrast to the
typically studied muscles of sagittal plane control
(e.g., knee extensors, ankle dorsal/plantar flex-
ors). As a result, we cannot report on the relation-
ship between nerve conduction studies and ankle
dorsi-/plantarflexion proprioceptive thresholds or
motor function, and the importance of rapid ankle
plantar flexor force generation has been demon-
strated in the recovery from an anterior perturba-
tion.32,37 Only the fibular nerve was studied, as the
data represent a secondary analysis from related
research. It is possible that there are similar or
stronger relationships with other NCS measures,
such as tibial motor and sural sensory NCS.

In conclusion, our data suggest a strong nega-
tive relationship between FMAmp and ankle inver-
sion/eversion proprioceptive thresholds, and mod-
erate positive relationships between FMAmp and
ankle inversion/eversion RTD, particularly when
FMAmp is normalized for BMI. These findings
appear to be independent of age, ankle range of
motion, and the presence of diabetic neuropathy.
Future work should confirm these findings and
evaluate the utility of other routine lower limb
NCS in predicting quantified sensorimotor func-
tion. If these results are confirmed in future stud-
ies, then older patients with low FMAmp responses
can be assumed to have impairments in frontal
plane ankle sensorimotor function that impact
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lateral balance. Recent research suggests that
strengthening frontal plane muscles at the hip
(adductor/abductor) may allow compensation for
such distal impairments.15

A portion of the material in this study was presented at the annual
meeting of the Association of Academic Physiatrists, March 2012,
Las Vegas, Nevada, USA. The authors thank Dr. James A. Albers
for expert opinion and manuscript review. This study was sup-
ported by grants from the National Institutes of Health (RO1
AG026569-01), the Public Health Service (P30AG024824), and the
Swiss National Foundation (IZK Z3_133925).
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