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ABSTRACT

SHIELDS, J. E., C. M. SMITH, S. M. REESE, M. L. DOS SANTOS, M. PARODI, and J. M. DEFREITAS. An Exercise Intervention May

Counteract the Degradation of Nerve Conduction from Age-Related Disuse.Med. Sci. Sports Exerc., Vol. 57, No. 10, pp. 2101-2107, 2025.

The natural progression of age can result in motor neuron degeneration. Consequently, this leads to slowing of nerve conduction, denervation, and

reduced motor function. Slower neural conduction can negatively alter an individual’s response time, which could increase the risk of falls. Further

investigation is needed to determine the potential role exercise interventions may afford in mitigating age-related nerve deterioration. Purpose:

The purposewas twofold: first, to determine the effects of resistance training on nerve conduction velocity (NCV), and second, to determine if changes

in NCV are dependent on age.We hypothesized that training would result in faster nerve conduction in both young and older adults, albeit to a lesser

extent in older adults.Methods: Forty-eight subjects (18–84 yr) completed this study (training: n = 14 younger, 14 older; control: n = 12 younger, 8

older).MedianmotorNCV andmaximal strengthwere recorded before and after 4wk of handgrip training in both limbs. Trainingwas conducted 3×/

wkwith the use of a grip training kit.Results:Mixed-factorial ANOVA revealed significant increases inNCV for both the young (P< 0.001, Cohen’s

d = 0.749) and older training groups (P < 0.001, Cohen’s d = 0.679), but neither in control groups (young: P = 0.353, Cohen’s d = 0.326; older:

P = 0.108, Cohen’s d = −0.184). Conclusions: The results of this study suggest that resistance training may be a viable method to counteract age-
related nerve deterioration. These outcomes have the potential to improve quality of life and generate greater independence for our older populations.
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Aging is a multidimensional process characterized by
physiological and morphological changes that affect
one’s quality of life,with declines inmotor ability evident
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as early as the fourth decade (1,2). Evidence supports the belief that
functional ability, especially after the age of 60, is substantially
less, and deterioration of the peripheral nervous system (PNS)
may be one of the primary causes (3–5). Unfortunately, although
there is substantial sarcopenia-related research focusing on preserv-
ingmuscle mass and function, the collective research into counter-
measures to protect peripheral nerve function is minimal.

Deterioration of the peripheral nerves is reflected by fewer
functioning motor neuron axons and/or degradation of the mo-
tor axons. These outcomes result in the slower transmission of
a nerve impulse supplying a target effector muscle and can
have functional consequences such as slowermovements or re-
duced mobility, all of which may lead to a diminished quality
of life (6,7). Additionally, older adults exhibit varying degrees
of loss in strength and muscle mass as a result of these effects
andmay becomemore susceptible to the development of sarco-
penia (e.g., age-related reduction in muscle mass) (8–10).

Commonly recognized in individuals with nerve injury or dis-
ease, declining PNS function often leads to neuromuscular dys-
function, such as neurodegenerative diseases (amyotrophic lat-
eral sclerosis) and peripheral neuropathies (diabetic neuropathy,
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TABLE 1. Subject characteristics.

Group
Young
Training

Young
Control

Older
Training

Older
Control P Value

Age (yr) 22.9 ± 7.3 21.1 ± 2.0 69.7 ± 7.5 69.7 ± 8.5 0.045*
Height (cm2) 172.9 ± 9.8 167.6 ± 8.5 168.5 ± 8.1 149.3 ± 46.1 ≤0.001*
Body Mass (kg) 78.8 ± 18.2 73.2 ± 23.3 68.7 ± 14.6 111.1 ± 41.8 0.003*
Sample Size (n) 14 12 14 8
Males (n) 6 2 5 5
Females (n) 8 10 9 3

Data are presented as mean ± SD. P value = 2 × 2 between-group interaction.
* Significant difference at the 0.05 level.
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Guillain-Barré syndrome, etc.). However, age-related slowing of
healthy motor nerves has been found in both humans and ro-
dents (11–13). Previous research identifies a negative linear re-
lationship between a slowing in nerve speed and age (≥60 yr) in
those who are free of neuromuscular disease (14). Although the
support for an age-related slowing of nerves exists, there is
much still to be understood regarding interventions that could
facilitate positive adaptations within the PNS.

Resistance training has long been prescribed to older adults
as a means to long-term vitality. Individuals who remain active
throughout their life have been known to have improved mobil-
ity, more independence, and greater life expectancy (15). Liter-
ature has shown that resistance training may be a counteractive
modality to nerve loss in previously injured nerves (16). How-
ever, it remains unclear if resistance training can alter nerve
function in healthy, noninjured adults. Moreover, resistance
training has also been used in the prevention and management
of sarcopenia (17,18). Although little is known about the effects
of resistance training and nerve speed in healthy untrained indi-
viduals, chronically trained athletes have shown to exhibit faster
nerve conduction velocity (NCV) (19). Because of the benefits
resistance training provides, it is plausible to consider resistance
training as a method to counteract losses in nerve function.

Although previous studies have investigated training and
nerve conduction speed in adults (20–22), few studies have fo-
cused on interventions that mitigate nerve speed loss and pos-
sible adaptations training may have. Additionally, our under-
standing of nerve function in untrained healthy individuals is
still unclear. Further investigation is needed to determine the
age-related changes in nerve speed function and the potential
role exercise-based interventions may afford in resisting nerve
deterioration. Therefore, the purpose of this study was 1) to
quantify the effects of resistance training on NCV and 2) to de-
termine if age affects nerve plasticity in response to training.
We hypothesized that resistance training would improve mo-
tor conduction velocity of the median nerve in both young
and older adults in response to a handgrip resistance training
program. Second, because it has been shown that older adults
may have less capacity to adapt to training (23), we also hy-
pothesized that the magnitude of adaptation was going to be
significantly less in older adults.
METHODS

Participants. Forty-eight participants (mean ± SD
age = 43.9 ± 24.9 yr) volunteered for this study (see Table 1
for subject characteristics). Participants completed a written
informed consent and health history questionnaire before be-
ginning the study. All participants were apparently healthy
and reported having no neuromuscular disease or neurological
disorders. Further, all participants reported either having no
upper body resistance training within the past 6 months or lim-
ited training (≤2× per week). This study was approved by
Oklahoma State University’s Institutional Review Board be-
fore data collection (IRB-22-270) and was registered as a clin-
ical trial (NCT06614556).
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Research design. This study consisted of four groups,
first separated by age based on our target ranges
(young = 18–35 yr old, and older ≥60 yr old) and then
pseudorandomly assigned to either the intervention group or
control group. This resulted in a young training group (YT,
n = 14), a young control group (YC, n = 12), an older training
group (OT, n = 14), and an older control group (OC, n = 8).
Testing sessions were performed before (PRE) and after
(POST) 4 wk of the study. Most participants’ testing sessions
(PRE and POST) were conducted at the same time of day;
however, two participants’ testing sessions were performed
at different times of day due to availability. Motor nerve con-
duction and maximal handgrip strength testing were con-
ducted during each testing session. Participants were asked
to maintain normal daily activities throughout the study.

Motor nerve function assessments. Motor NCV was
collected using the incremental method (24,25). This method ap-
plies low-intensity stimulation to the nerve and gradually in-
creases stimulation intensity in small increments (5 mA) to re-
cruit additional motor units. Using this procedure quantifies
NCV by obtaining the latency of themaximalM-wave response,
also referred to as the compound muscle action potential, at dif-
ferent segments along the median nerve and divides them by the
distance between segments. The formula is shown in Figure 1.

Before electrode placement, the skin over the specified sites
was shaved, abraded, and cleaned with alcohol to promote opti-
mal signal quality. Using a clinical electrodiagnostic system
(Cadwell Sierra Summit, Cadwell Industries, Inc., Kennewick,
WA), motor nerve conduction was assessed for the left and right
median nerve. Disposable recording electrodes (20 × 27 mm,
Cadwell Industries Inc., Kennewick, WA) were placed on the
belly of the flexor digitorum superficialis muscle as verified by
ultrasonography. The reference and the ground electrodes were
placed on the flexor carpi radialis tendon and the dorsum of hand,
respectively. Maximal M-waves were obtained at the axilla re-
gion and below the elbow of each arm.

For assessment of the optimal stimulation site of the axilla
region, the arm was palpated by having the participants flex
their biceps. The optimal stimulation site for the elbow was lo-
cated at the antecubital fossa near the biceps tendon. Partici-
pants were seated in a chair upright with their forearms in a su-
pinated position on a table. In a cathode–anode arrangement, a
single stimulus (single square wave impulse) was applied
using the incremental method starting at 5 mA. Each stimulus
thereafter was increased by 5mAuntil no increases inM-wave
amplitude were detected.
http://www.acsm-msse.org
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FIGURE 1—A. A visual depiction of our nerve stimulation methodology. This shows the simulation sites (axilla and antecubital fossa) and electrode place-
ment for a nerve conduction assessment of the median nerve. B. A figure illustrating the calculation of NCV (m·s−1) from proximal latency (ms), distal la-
tency (ms), and the distance between the stimulation sites (mm). Created in BioRender.com.
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After the assessment of maximal M-wave, NCV was ob-
tained. A temperature probe was secured to the participant’s
wrist to ensure consistent temperature (approximately 30°C)
throughout testing (Med-Linket, Ltd., Shenzhen, Guangdong,
China). A single supramaximal (e.g., 120% of maximal M-
wave) stimulation was applied to each proximal and distal site
(axilla and below the elbow) on both arms. The latency (ms) of
each stimulation was stored and recorded for later use in the
determination of NCV. Additionally, the distance (mm) from
the proximal stimulation site to the distal stimulation site was
verified using a standard flexible tape measure. NCV was de-
rived by the software included in the clinical electrodiagnostic
system using the equation provided in Figure 1.

Maximal voluntary contractions. Participants were
asked to hold a hand dynamometer by their side and perform
two maximal handgrip contractions per arm (Jamar, Sammons
Preston Inc., Bolingbrook, IL). Instructions were followed
based on the recommendations provided in the hydraulic hand
dynamometer manual. Before the contractions, participants
performed two to three warm-up contractions at half their max-
imal effort. Upon directions, participants were asked to raise
the dynamometer to a 90° angle and contract maximally while
exhaling each breath. Each contraction lasted 4–5 s with strong
verbal encouragement given by the research team and 1 min of
rest given between each trial. The highest value (kg) was con-
sidered the participant’s maximal handgrip strength (MVC).

At-home resistance training intervention. Partici-
pants in the training groups performed handgrip resistance
training on both limbs three times per week for 4 wk using a
specialized handgrip kit provided to them (NONJISPT,
Shenzhen, Guangdong, China). Each kit contained an adjust-
able hand gripper, stress ball, grip ring, grip master, and finger
stretcher resistance band. Additional grip rings (10–50 lb;
EXERCISE MAY OFFSET DECLINES IN NERVE SPEED
Refluxe, Shenzhen, Guangdong, China) and finger stretcher
resistance bands (8–21 lb; Portholic, Shenzhen, Guangdong,
China) were used to induce a progressive overload in resis-
tance for 4 wk. Participants were provided with pictures and
instructions for each exercise upon completion of the initial
testing (PRE) session (see Supplemental Digital Content,
http://links.lww.com/MSS/D250). They were asked to per-
form 12 training sessions (approximately 30–45 mins) over
the 4 wk according to their schedule. Each participant was
asked to keep a training log to assist with accountability. The
PI also conducted weekly check-ins (via phone call or text)
with each subject to ensure compliance to the protocol and an-
swer any potential questions. Subjects were excluded from the
study if they noted three or more missed training sessions.
Upon completion of the training, participants revisited the
lab for a (POST) testing session, and all previous measures
were assessed. Those in the control group still received a hand-
grip training kit after completion of the study, along with in-
structions on how to conduct the training.

Statistical analyses. A priori power analysis (G*Power,
Version 3.1.9, Universitat Kiel, Germany) was performedwith
a power level was set at 0.95, an alpha level set at 0.05, with an
effect size of 0.8 (“large”) to determine the most meaningful
sample size for this study (n = 47). All statistical analyses were
performed using SPSS Version 26 (IBM, Armonk, NY). To
assess normality, the Shapiro–Wilk test and visual inspection
of histograms were used. Homogeneity of variance was deter-
mined using Levene’s test. Both assumptions were met. Two
four-way mixed-factorial ANOVA model’s (age [young vs
old]–group [training vs control]–time [pre vs post]–limb [left
vs right]) were conducted to determine changes in NCV and
MVC strength. Partial eta squared (ηp

2) effect sizes are pro-
vided where appropriate. ANOVA’s that were statistically
Medicine & Science in Sports & Exercise® 2103



FIGURE 2—Results for NCV before and after the 4-wk training intervention for both the young (A) and the older (B) adults. The gray bars represent group
means, and the data points are individual subjects. Significant differences (P ≤ 0.05) are bolded and denoted (*), with Cohen’s d effect sizes below each P
value. The right panel depicts individual change scores in NCV.
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significant were followed with t-tests. Cohen’s d effect sizes
were interpreted as small (0.2), medium (0.5), and large
(0.8). An alpha level of 0.05 was used for all comparisons, ex-
cept for the post hoc paired sample t-tests, which were
Bonferroni corrected (four tests: pre vs post within each of
the four groups, so α = 0.0125).
RESULTS

The results from the mixed-factorial ANOVA showed no
significant (age–group–time–limb) interaction for motor
NCV (F3, 44 = 0.006, P = 0.937, ηp

2 < 0.000). However, a sig-
nificant group–time interaction was identified (F3, 44 = 26.140,
P ≤ 0.001, ηp

2 = 0.373). None of the two- or three-way models
that included age or limb as a factor were significant (P values
ranged from 0.216 to 0.987). Subsequent t-tests showed that
both training groups had significant changes in NCV after
training (YT: t13 = −5.733, P < 0.001; OT: t13 = −4.694,
P < 0.001). The effect size values based on Cohen’s d for each
of these groups were 0.749and 0.679, respectively, indicating
a medium effect. Significant between-group (YT × YC)
(OT × OC) changes in NCV (t24 = 3.451, P = 0.002;
t20 = 4.213, P < 0.001) were also identified. Both training
groups accounted for a 5.6% increase in NCV pre- to postin-
tervention. There were no significant findings for either con-
trol groups (young: P = 0.353, Cohen’s d = 0.326; older:
P = 0.108, Cohen’s d = −0.184). The individual subject results
are shown in Figure 2.
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No significant (age–group–time–limb) interaction was ob-
served forMVC strength (F3, 44 = 0.001,P= 0.970, ηp

2 < 0.000).
However, significant interactions for time–limb (F

3, 44
= 6.207,

P = 0.018, ηp
2 = 0.120) and group–time (F3, 44 = 5.942,

P = 0.019, ηp
2 = 0.119) were found. The YT group demon-

strated significant changes in MVC strength of both limbs
pre- to postintervention (left: t13 = −4.020, P = 0.001; right:
t13 = −3.481, P = 0.004). A small effect for both limbs was
found based on Cohen’s d (left: 0.343; right: 0.232). No other
significant changes were found among limbs or groups. The in-
dividual subject results are shown in Figure 3.
DISCUSSION

This study aimed to examine the trainability of peripheral
nerve function as well as its dependency on age.We found that
4 wk of handgrip resistance training increased both strength
(young) and median NCV (young and older) in both forearms.
The changes in strength in the young group affirm the efficacy
of the resistance training intervention. Although we hypothe-
sized that training would lead to improvements in nerve func-
tion, we did not expect the magnitude of adaptations (YT:
P < 0.001, Cohen’s d = 0.749; OT: P < 0.001, Cohen’s
d = 0.679) demonstrated in this study from such a short inter-
vention. The 4-wk duration of the intervention was chosen
more for project feasibility than it was for it representing any
sort of optimal duration. As such, we expected smaller and less
robust gains in which there would be more nonresponders
http://www.acsm-msse.org
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FIGURE 3—Results for maximal voluntary strength before and after the 4-wk training intervention for both the young (A) and the older (B) adults. The
gray bars represent group means, and the data points are individual subjects. Significant differences (P ≤ 0.05) are bolded and denoted (*), with Cohen’s d
effect sizes below each P value. The right panel depicts individual change scores in maximal strength.
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present. The lack of significant improvements in strength (left:
P = 0.273, Cohen’s d = 0.098; right: P = 0.916, Cohen’s
d = −0.010) in the older group can likely be attributed to the
intervention duration. Griffin et al. (26) showed neural adapta-
tions (reduced motor unit firing rate variability) in older adults
after 4 wk of resistance training while also not showing a sig-
nificant improvement in strength. Conversely, Patten et al.
(27) showed early nonsignificant neural and strength adapta-
tions in older adults within days, with significant adaptations
in 6 wk of training. However, the development that almost ev-
ery participant in the 2 intervention groups showed improve-
ment in NCV was unexpected and requires follow-up studies
that examine potential underlyingmechanisms to better under-
stand this. A few studies have investigated various exercise
prescriptions and their subsequent effects on conduction ve-
locity. In a study on strength and sprint training, Sleivert et al.
(20) found that conduction velocity significantly increased af-
ter 14 wk in untrained young males. However, findings on
chronically trained (e.g., weightlifters and athletes) individuals
show varied results (21,22). Nonetheless, these studies were
only in young males and young male athletes and did not in-
clude women or older adults.

Adaptations dependency on age.Unexpectedly, older
adults had just as strong of an adaptation to the training as the
young adults. We anticipated that the magnitude of change
would be significantly less comparedwith younger participants
(i.e., less plasticity). For example, previous literature has found
EXERCISE MAY OFFSET DECLINES IN NERVE SPEED
smaller responses in measures of muscle size (28,29) and mus-
cle strength (30,31) after training in older adults. Based on
these findings, we incorrectly anticipated a similar pattern in
nerve function would occur.

Adaptations dependency on limb. It was also slightly
surprising that limb was not a factor in any of the statistical
models. We expected the dominant limb to be slightly more
trained than the nondominant and, as a result, hypothesized that
the dominant limb would have less gains. It is suggested (32)
that the characteristics of a training paradigm, such as task com-
plexity and subject familiarity, may influence outcomes, which
could explain limb being a nonfactor in our present study.

Associated changes in strength. Our study identified
changes in handgrip strength in our YT group (left: P < 0.001,
Cohen’s d = 0.343; right: P = 0.004, Cohen’s d = 0.232), al-
though not in other groups. One likely scenario for the out-
come of our present study is that our OT group needed a lon-
ger duration to attain such changes. Although not significant,
the OT group demonstrated increases in MVC strength (see
Fig. 3); however, nonresponders likely accounted for the lack
of a significant change. As previously referenced (26,27),
there remains considerable heterogeneity in training responses
among older adults. Additionally, it is unknown what degree
of denervation (e.g., lack of neural input to the muscle) the
OT group had at the time of this study. The denervation pro-
cess is said to significantly contribute to the development of
muscle weakness and frailty in older adults (33). Without
Medicine & Science in Sports & Exercise® 2105
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accounting for motor unit denervation, it is difficult to ascer-
tain if a lack of neural input contributed to our findings.

Potential mechanisms. The findings shown in the pres-
ent study lead to a particularly intriguing follow-up question;
what are the potential mechanisms underlying this improve-
ment in NCV? It has been well established for nearly a century
that there is a strong positive relationship between the diameter
of an axon and its conduction velocity (34,35). Therefore, one
possible mechanism for the neurons to get faster is for them to
also get larger (wider axonal diameter). There is substantial re-
search into the training-induced hypertrophy of skeletal mus-
cle fibers, but it is relatively unknown as to whether neurons
are also capable of hypertrophy in response to training. The
opposing result of nerve atrophy has been investigated in
depth and does demonstrate a continued marriage between ax-
onal size and conduction velocity (i.e., as one goes down, so
does the other) (36). Therefore, although speculative, it is at
least plausible that the two variables may continue to be paired
for improved adaptations as well. Future studies examining re-
sistance training interventions should include both a measure
of NCV as well as a measure of axonal size (or at least an es-
timate, such as nerve size). Structural changes in myelin can
occur with aging, resulting in thinning of the sheaths and seg-
mental demyelination, which is believed to impair conduction
(4,37). However, the degree of remyelination may be less effi-
cient for older adults because of the severity of damage or under-
lying diseases. Further investigation and more precise imaging
techniques should be performed to determine remyelination’s
potential contribution to NCV changes. Another possibility for
the nerve includes potential changes in axonal excitability (38).
However, because our measure of NCV requires a compound
muscle action potential (M-wave), downstream mechanisms,
such as increased efficiency of transmission across the neuro-
muscular junction or faster conduction velocity in the muscle
fibers, cannot be ruled out.

Limitations and future directions. Although our study
presents new and potentially impactful findings, there are
some conceivable limitations to this study design: first, the
level to which our participants were “untrained.” Although in-
clusion criteria allowed participants to exercise (≤2× per
week), this may have contributed to our findings. Several older
2106 Official Journal of the American College of Sports Medicine
adults reported being active, and a few participated in racket
sports, which may have influenced the changes observed. Sec-
ond, it is possible that compliance may have been a factor. Al-
though participants were asked to track their training, one can
never entirely ensure participant compliance with the training
program. Third, it is possible that our intervention was too short
(only 4 wk), and future studies with longer intervention dura-
tions may provide stronger evidence as to the plasticity of nerve
conduction. Additionally, if a future studywere to perform a lon-
ger duration training program that induced significant changes to
MVC, then additional analyses, such as the correlation between
changes in NCV andMVC, would be possible. Last, most of the
participants were female, so a gender bias may have inadver-
tently occurred. A more significantly powered study design
would have allowed for a thorough comparison between the
sexes and should be considered in the future.

More thorough investigations are needed to determine the
underlyingmechanisms of this study’s findings. Additional re-
search should explore the functional properties of the spinal
and supraspinal systems and their contributions to peripheral
nerve transmission. Moreover, it is important to identify po-
tential interventions and optimal prescriptions that may sup-
port the neural consequences of aging.

CONCLUSIONS

These findings support our hypothesis that handgrip training
improves motor conduction velocity in young and older adults.
This suggests that resistance training may be a robust method
to counteract NCV deficits in the short term, although more re-
search is still needed. The results of this study could aid clinicians
in exercise prescription for individuals needing to improve nerve
conduction and motor function. The significance of this research
line has the potential to improve the quality of life and generate
greater independence for our older populations.

This project was funded in part by a Doctoral Research Grant
awarded to J.E.S. through the Central States chapter of the American
College of Sports Medicine (CSACSM). No conflicts of interest, finan-
cial or otherwise, are declared by the authors. The results of the study
are presented clearly, honestly, and without fabrication, falsification,
or inappropriate data manipulation. The results of this study do not
constitute endorsement by the American College of Sports Medicine.
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