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Abstract

Efferent neural drive during strong muscle contractions is attenuated with age, even after life-long strength training. However, it is unknown 
if this deterioration may impede contralateral neural plasticity, and limit the clinical value of unilateral strength training. We assessed muscle 
force-generating capacity, evoked potentials recordings (V-wave and H-reflex normalized to M-wave; V/M-ratio and H/M-ratio) and voluntary 
activation (VA) in the plantar flexors of the contralateral limb following unilateral maximal strength training (MST) with the dominant limb 
for 3 weeks (nine sessions). Twenty-three 73 ± 4(SD) year old males were randomized to a MST group (N = 11), exercising with an intensity 
of ~90% of maximal strength, or a control group (CG, N = 12). MST improved contralateral maximal strength (107.6 ± 27.0 to 119.1 ± 34.8 
Nm; 10%) and rate of force development (197.3 ± 54.1 to 232.8 ± 77.7 Nm s−1; 18%) (both p < .05). These strength gains were associated 
with (r = 0.465–0.608) an enhanced soleus V/M-ratio (0.12 ± 0.09 to 0.21 ± 0.17) and VA (79.5 ± 5.1 to 83.3 ± 5.2%) (all p < .05). H/M-ratio 
(10% maximal strength) remained unaltered after MST, and no changes were apparent in the CG. In conclusion, cross-limb effects in older 
adults are regulated by efferent neural drive enhancement, and advocate the clinical relevance of MST to improve neuromuscular function in 
individuals with conditions that results in unilateral strength reductions.
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Skeletal muscle force-generating capacity typically declines with age 
(1–3). Recently, the role of the nervous system in this detrimental 
process has received increased attention (4,5), and a key question 
remains regarding whether neural function during maximal mus-
cle contractions performed with maximal intended velocity may 
be maintained or restored with strength training (6). Although 
strength training-induced increases in motoneuron firing frequency 
(7,8) and voluntary activation (VA) (9–11) has been documented, 
efferent neural drive plasticity still appears to be blunted with age, 
despite large gains in muscle force-generating capacity (12). Even 
in strength-trained master athletes, with superior maximal strength 
and rapid muscle force production compared to that typically seen in 

young adults, the magnitude of efferent neural drive, by experimen-
tal design assessed as V-wave normalized to maximal M-wave (V/M-
ratio), was only about half of what was observed in their younger 
counterparts (13). This implies that neural deterioration, at least in 
part, may be an inevitable part of aging. However, it is unknown 
whether the efferent neural drive attenuation may limit neural and 
functional benefits of unilateral strength training with age.

Since its discovery in the late 19th century (14), the effect of 
unilateral strength training on the contralateral limb has been 
meticulously investigated as it offers insight into training-induced 
adaptations (15), and may be clinically pertinent in individuals with 
conditions that do not allow bilateral training (16). Contralateral 
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strength gain (CSG) is documented in a range of muscle groups in 
various populations (17–21). Albeit, it is specific to homologous 
muscles (22). As CSG characteristically appears without hyper-
trophy (20,23), the effect has primarily been attributed to central 
motor pathway changes (24,25). Moreover, alterations in spinal 
reflex excitability to the contralateral limb, by experimental design 
measured as H-reflex excitability obtained during low force con-
tractions [7–18% maximal voluntary contraction (MVC)] (26) and 
during MVC (21) does not seem to appear, implying that it is of 
supraspinal origin (27–29).

Maximal strength training (MST), carried out with an intensity 
of ~90% of maximal strength, and a maximal intended velocity 
[i.e. high intentional rate of force development (RFD)] in the con-
centric phase to facilitate neural adaptations (30), has been docu-
mented to be safe, and effectively improve force-generating capacity 
in a wide range of populations (31–34). MST is tailored to target 
the central motor pathway during functional rapid muscle contrac-
tions, and strength training with maximal muscle contractions has 
previously been documented to induce structural alterations in the 
motor cortex (35–37). It is unclear how this MST-induced plasticity 
may be affected by age. Importantly, if the purpose is to investigate 
force-generating capacity, not only is it critical that the experimental 
design assembles training that alters neural factors, but also that it 
includes appropriate testing of maximal muscle strength, rapid force 
development and preferably also maximal stimulation of efferent 
neural drive.

Recognizing the putative clinical value of contralateral neural 
adaptations associated with CSG, it appears to the best of our know-
ledge, somewhat surprising, that no study to date has investigated 
strength training-induced effects on contralateral efferent neural 
drive in older adults. Not only may this be relevant for several condi-
tions preventing bilateral strength training, since they typically occur 
more frequently with age, it may also be of interest for mechanistic 
insight into age-related behavior of neural adaptations. Considering 
indications of compromised central motor pathway plasticity at old 
age, it remains elusive whether CSG will manifest itself as increased 
efferent neural drive to the contralateral limb following unilateral 
strength training. Therefore, the current study aimed to investigate 
effects of unilateral MST in the lower extremities, applying an ex-
perimental design which combines strong muscle contractions and 
maximal muscle activation to unveil contralateral efferent neural 
drive adaptations in a functionally relevant situation. Specifically, we 
hypothesized that unilateral MST would induce increases in effer-
ent neural drive to the contralateral limb during maximal muscle 
contractions.

Methods

Subjects
Twenty-four older male subjects volunteered to participate in the 
study, and were randomized to a MST group or a control group 
(CG). The subjects were recruited from local senior societies in 
Trondheim, Norway. They reported moderate to high levels of rec-
reational physical activity, which was retrospectively confirmed by 
administering the International Physical Activity Questionnaire 
(IPAQ). None of the subjects reported regular participation in 
strength training. Exclusion criteria were incidents of cardiovas-
cular, pulmonary, musculoskeletal (e.g. osteoarthritis) and/or neuro-
logical disease in the two years leading up to the study. No residual 
impairments were reported. Persons with inserted pacemaker were 

also excluded, in addition to failure to carry out any of the train-
ing or testing procedures. One subject in the MST group withdrew 
from the study because of Achilles tendon discomfort, likely associ-
ated with the training, leaving 11 participants in the MST group 
(75 ± 5 years, 88.3 ± 11.8 kg, 181 ± 6 cm), and 12 participants in 
the CG (72 ± 3 years, 85.8 ± 10.4 kg, 178 ± 5 cm). The study was 
approved by a regional ethical committee, and was conducted in 
conformity with the Declaration of Helsinki. All subjects gave their 
written informed consent prior to participation.

Study Design and Experimental Procedure
All subjects completed a standardized 2-day test procedure before 
and after the training period. On day 1, body mass and stature was 
measured using a digital weight scale (SECA 877, Seca GmbH & 
Co, KG, Hamburg, Germany) and a manual device for stature meas-
urement. The subjects were then familiarized with the evoked reflex 
recordings, before VA was measured. On day 2, isometric plantar 
flexion MVC and RFD were obtained, along with evoked reflex 
recordings. All measurements were obtained from the non-dominant 
limb. MVC and RFD was also obtained from the dominant limb. 
On the first test day, a total of six MVCs were collected from the 
untrained limb for calculation of VA. On the second test day, four 
MVCs (two in the dominant and two in the non-dominant limb) 
were carried out for measurements of maximal torque and RFD. 
Finally, after a 20-minute rest period, the participants performed 
eight MVCs to elicit maximal V-waves. Criteria used for determin-
ation of a true MVC included practice before the MVC trials, stand-
ardized verbal encouragement provided throughout each trial by the 
researchers, and visual feedback of the trial (38). The MST group 
underwent supervised strength training of the dominant limb three 
times a week for 3 weeks (nine sessions in total). The CG received 
no training and served as a reference group at baseline and a time 
control from pre- to post-test.

Maximal Strength and Rate of Force Development
Seated with the knee angle fixed to a 90° angle and the ankle joint 
20° dorsiflexed (13), in a custom-made plantar flexion apparatus 
(12,13), each subject performed two plantar flexion MVCs with 2 
minutes of rest between trials. The participants were instructed to 
contract as forcefully and rapidly as possible in each trial, and hold 
the contraction for ~2–3 seconds. The force was obtained through a 
force transducer (model 620-1000M-F, Vishay Tedea-Huntleigh load 
cell, Israel) attached to the end of the lever arm of the plantar flexion 
apparatus, and the highest force recorded in each trial was multi-
plied by the lever arm length to obtain peak torque. RFD was cal-
culated as Δtorque/Δtime between 10–90% of peak torque (39,40).

Evoked Spinal Potentials
Evoked spinal motor potentials were obtained from the m.  soleus 
(SOL) of the non-dominant limb in the same custom-built plantar 
flexion apparatus as used for collection of MVC and RFD. EMG 
data was collected via self-adhesive pairs of bipolar AG/AgCI elec-
trodes (Ambu, M-00-S/50, Ballerup, Denmark) (interelectrode dis-
tance 25  mm), through ME6000 Biomonitor (Mega Electronics 
LTD, Kuopio, Finland) at 2  kHz, common mode rejection ratio 
(CMRR) of 110 dB. The signals were amplified and band-pass fil-
tered (8–500 Hz). After the skin had been shaved, abraded (Nuprep, 
Weaver and company, Aurora, CO), and wiped clean with alcohol to 
ensure minimal resistance in the skin (maximal interelectrode imped-
ance was 5 kΩ), the electrodes were placed on SOL in accordance 
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with SENIAM (41). Anatomical landmarks, measuring tape, and 
muscle architecture were used to ensure correct placement, and pic-
tures were taken to ensure identical placement from pre- to post-test.

A current stimulator (DS7AH, Digitimer, Welwyn Garden City, 
UK) and bipolar felt pad electrodes (Digitimer) were used to deliver 
a 1-ms square wave stimulus to the tibial nerve. The participant was 
instructed to focus his eyes on a fixed point to ensure similar eye 
and head movement during testing. First, the position that elicited 
the largest H-reflex with the concomitant smallest M-wave was 
located, after which the current intensity was gradually increased by 
2–5 mA to identify the maximal H-reflex amplitude (Hmax) during 
10% MVC. Stimulation intensities at Hmax were carefully monitored, 
ensuring similar M-wave responses during Hmax from pre- to post-
test. Interstimulus intensity for evoking H-reflexes was 5 seconds. 
Mmax during 10% MVC was then obtained by gradually increasing 
the current intensity until no further increase in M-wave amplitude 
was detected. Confirmation of a true Mmax was ensured by increas-
ing the current intensity to 150% of the intensity needed to evoke 
Mmax (42). Hmax responses were normalized to the Mmax. Further, to 
determine V-wave amplitude (Vsup), the participant was instructed to 
contract maximally, and a supramaximal stimulus was applied dur-
ing MVC (Figure 1). The stimulus was delivered when there was a 
distinct plateau in force. A total of eight recordings were made. Vsup 
was normalized to the maximal M-wave during MVC (Msup). To be 
included in analysis, the M-wave amplitude had to be ≥95% of Msup, 
and the plantarflexor force had to be ≥90% MVC (13,42).

Voluntary Activation
Plantar flexion VA was obtained using the interpolated twitch tech-
nique (ITT; Figure 2), with the ankle ~20° dorsiflexed and the leg 
rigidly mounted with a firm pad (13). A single 1-ms square-wave 
supramaximal stimulus of the magnitude required to evoke 150% 
maximal M-wave (Mmax) was delivered to the tibial nerve located 
in the popliteal fossa during plantar flexion MVC to determine 
superimposed twitch (T). Consecutively, 3 seconds after the MVC 
a new supramaximal stimulus was applied to determine the control 
twitch, or resting twitch (RT). Each subject performed six MVCs 
with a 2-minute rest period between trials. Force data was recorded 
at 800 Hz through a force plate (model 9286 AA; Kistler, Winterthur, 

Switzerland), and VA was calculated as 1 100− 











×T
RT

 (43).

Training Intervention
The training group attended 3 weeks of supervised MST of the dom-
inant plantar flexors, where each week consisted of three training ses-
sions. The training was performed dynamically in the custom-built 
plantar flexor apparatus used for MVC/RFD testing. The range of 
motion for the ankle and hip joint was from ~20° dorsiflexion to 
~30° plantarflexion and ~90° to ~80° hip flexion. The knee joint was 
fixed at ~90°, with negligible movement (within 3°) during train-
ing. The training consisted of four sets of four repetitions, with the 
intensity set to 4RM (~90% 1RM). When the subject could lift a 
fifth repetition in the last set, the load was increased by 2.5–5 kg in 
the subsequent training session. Importantly, to maximally stimulate 
the neural system, the subject was instructed to perform the training 
with a slow eccentric phase, a short stop, before maximally contract-
ing to lift the weight, with a maximal intended velocity, in the con-
centric phase. Rest periods between sets were 3 minutes.

Statistical Analysis
Statistical analysis was performed using IBM SPSS statistics soft-
ware version 23 (Chicago, IL), and graphic illustrations made with 
GraphPad Prism 6 (San Diego, CA). Data was visually assessed for 
normality using Q–Q plots. Paired samples t-tests were used to de-
tect within group differences following training, whereas two-way 
repeated measures ANOVAs were used to detect between-group dif-
ferences, followed up by Tukey post hoc test when appropriate. The 
Pearson test for linear regression was used to assess the relation-
ship between absolute variables for both groups collapsed. A p-value  
< .05 was considered statistically significant. Data are presented as 

Figure  1. Evoked V-wave response from a representative subject. The 
vertical arrow represents time of stimulation. Msup, maximal M-wave  
amplitude during maximal voluntary contraction; Vsup, maximal V-wave 
amplitude.

Figure 2. Interpolated twitch response from a representative subject. Twitches 
were obtained during a maximal voluntary contraction (superimposed 
twitch) and after ~3 seconds of rest (resting twitch). Vertical arrows represent 
time of stimulation.
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mean ± standard deviation (SD) in tables and text and as mean ± 
standard error (SE) in figures, unless otherwise stated.

Results

Subjects
The MST group completed 7 ± 1 training sessions. All subjects com-
pleted all testing procedures and data were analysed for all tests, except 
for VA where results from one participant in the CG were not analysed 
due to difficulty with maintaining a stable MVC so a true twitch could 
not be found. Body weight remained unchanged by the MST interven-
tion (p > .05). Moreover, no within-group differences were detected 
from pre- to post-test in the CG in any of the parameters.

Maximal Muscular Strength and Rate of Force 
Development
MVC in the untrained contralateral limb increased from 
107.6 ± 27.0 to 119.1 ± 34.8 Nm (10 ± 10%; t10 = 3.292; p = .008; 
Figure  3) following unilateral MST, with a between-group differ-
ence detected (F1,10  =  9.418; p  =  .012). Similarly, RFD in the con-
tralateral limb increased from 197.3 ± 54.1 to 232.8 ± 77.7 Nm s−1 
(17 ± 13%; t10 = 3.765; p = .004; Figure 3), with a between-group 
difference detected from pre- to post-test (F1,10 = 10.599; p = .009). 
MVC and RFD in the trained limb increased from 120.6 ± 26.7 to 
142.8 ± 37.5 Nm (18 ± 13%; t10 = 4.413; p = .001) and 227.2 ± 71.7 
to 301.7 ± 80.4 Nm s−1 (35 ± 17%; t10 = 7.203; p < .001), respectively. 
Between-group differences were detected for MVC (F1,10 = 20.158; 
p = .001) and RFD (F1,10 = 50.267; p < .001) from pre- to post-test 
also in the trained limb. No between-group differences were detected 
at baseline between the MST and CG group (all p > .05). Finally, 
a correlation was detected between the absolute increase in trained 
and untrained limb for both MVC (r = 0.859; p < .001) and RFD 
(r = 0.450; p = .031).

Evoked Spinal Potentials
Following MST, V/M-ratio in the contralateral limb increased with 
73 ± 112% (t10 = 2.270; p =  .047; Table 1; Figure 4), which was 
different from the CG (F1,10 = 7.405; p = .022). The absolute change 
in V/M-ratio was associated with the absolute change in MVC 
(r = 0.608; p = .002) and RFD (r = 0.510; p = .013). No between-
group differences in SOL Hmax, Mmax, Vsup, Msup, or V/M-ratio were 
detected at baseline (all p > .05). No within-group differences were 
observed in Hmax, Mmax, or H/M-ratio in either group from pre- to 
post-test (all p > .05), although H/M-ratio was higher in the CG ir-
respective of time (F1,10 = 11.611; p = .007).

Voluntary Activation
VA in the contralateral limb increased by 5.0 ± 5.5% from pre- to 
post-MST (t10 = 2.992; p  =  .014; Table  1). VA at post-test corre-
lated with both MVC (r = 0.556; p =  .007) and RFD at post-test 
(r = 0.465; p = .029). No between-group differences were detected 
in VA (F1,9 = 0.029; p = .869), and no within-group difference was 
observed in the CG (p > .05).

Discussion

The magnitude of efferent neural drive to maximally contracting 
skeletal muscle appears to be attenuated with age even despite efforts 
of life-long strength training (13). As it is unclear if this impairment 
may blunt neural contralateral transfer following strength training, 
the current study sought to investigate whether a training-induced 
response in efferent neural drive would be evident in the contralateral 
limb following unilateral MST in old individuals. The major find-
ings were that efferent neural drive, measured as V/M-ratio and VA, 
increased in the contralateral limb, accompanied by an improvement 
in maximal muscle strength and RFD. In contrast, no changes were 
observed in peripheral reflex arc excitability (H/M-ratio) obtained 
during low-force contraction efforts (10% MVC). Taken together, 
these results document that old exhibit CNS cross-limb plasticity fol-
lowing functionally relevant strength training in the lower extremi-
ties, and suggest a clinical value of unilateral high intensity strength 
training in old individuals with an inability to train with both limbs.

MST, CSGs, and Age
As expected, maximal strength increased following unilateral MST 
in the trained limb, and about half of this improvement was mir-
rored in the untrained contralateral limb. This result is in accord-
ance with previous studies in young (15,19) and old (17,18), where 
maximal strength gains in the trained limb is typically about two-
fold greater compared to CSG. Moreover, RFD, which is argued 
to closely reflect alterations in neural factors, particularly in moto-
neuron firing frequency (44,45), increased in the contralateral limb. 
This MST-induced contralateral RFD improvement was associated 
with significant efferent neural drive enhancement. In the current 
study, RFD also increased about twofold in the trained compared to 
the untrained contralateral limb. To the best of our knowledge, no 
previous studies with old individuals have measured contralateral 
gains in RFD, but large contralateral gains have been observed fol-
lowing unilateral MST in young, with even comparable increases in 
the trained and untrained limb (20). The MST intervention applied 
in the present study was likely of importance for the large gains in 
contralateral force-generating capacity. MST is tailored to target 
neural factors and is documented to yield almost twofold the ab-
solute increase in maximal strength and RFD compared to conven-
tional strength training, which consists of more repetitions (10–12), 
lower intensity (~70–75% of 1RM), and is without emphasis on 
maximal intended velocity in the concentric phase (46). Thus, des-
pite the short duration of the present intervention (nine sessions in 
3 weeks) the CSG was substantial and likely has clinical relevance.

Efferent Neural Drive Cross-Limb Plasticity with Age
The observed 73% increase in V/M-ratio in the untrained, homolo-
gous limb was also accompanied by an increase in VA. This augmented 
the confidence with which we could interpret the data since VA is 
commonly used to assess efferent neural drive, where an incomplete 
VA suggest that motor unit recruitment and/or motoneuron firing 

Figure  3. Percentage change in maximal voluntary contraction (MVC) and 
rate of force development (RFD) in the contralateral limb following unilateral 
maximal strength training (MST). CG, control group. Data are presented as 
mean ± SE. **p < .01 within group from pre- to post-test, #p < .05, ##p < .01 
between groups from pre- to post-test. 
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frequency is reduced (47). Contralateral improvements in neural fac-
tors are an unassailable testimony of efferent neural drive plasticity in 
old since it has been documented that no hypertrophy can be expected 
in the untrained limb following unilateral strength training (20,23). 
The present short duration of strength training also minimized the 
occurrence of muscular hypertrophy (48). Thus, it is likely that neural 
adaptations were exclusively responsible for the increased RFD and 
maximal strength presently observed in the contralateral limb.

A key component when addressing cross-limb effects of maximal 
force-generating capacity is to not only apply effective strength train-
ing, but also an experimental design where explicit criteria for test-
ing of maximal voluntary force are fulfilled (25). The strength of the 
V-wave method is that it reflects the magnitude of efferent neural 
drive during maximal muscle contractions (12,13,42), ensuring 
recruitment of fast twitch fibers. Consequently, the V-wave method 
has consistently detected efferent neural drive increases following 
strength training of the trained limb (12,33,42), and was also able to 
detect similar changes in an untrained limb in the present study. The 
V-wave relies on the probability of collisions between voluntary effer-
ent action potentials and antidromic M-wave potentials to make way 
for the H-reflex volley to travel to the muscle (49). Thus, the V-wave 
peak-to-peak amplitude will be determined by the recruitment 

of motor units and their firing frequency (42), and any increase in 
motor unit recruitment and/or motoneuron firing frequency will 
increase the V-wave accordingly. To date, only one previous study 
appears to have investigated contralateral efferent neural drive using 
the V-wave method (21), with comparable results found in young 
as observed in older adults in the present study, again underpinning 
the potential of efferent neural drive plasticity with age. The V-wave 
is an electrophysiological variant of the H-reflex, though methodo-
logical considerations, such as stimulation intensity and contraction 
strength (e.g. 10% MVC in the present study) will affect the V-wave 
and H-reflex responses distinctively. Although this precludes definite 
conclusions about the potential change in spinal Ia afferent neural 
circuitry and/or motoneuron excitability during high-force condi-
tions (42,50), the V-wave has traditionally been seen in relation to the 
H-reflex as an indication of whether the adaptation is due to central 
or peripheral neural factors (42,51). Thus, the unaltered H-reflex in 
the current study suggests that the enhanced efferent neural drive to 
the untrained limb may include a significant supraspinal component.

Mechanisms Responsible for CSG
The efferent neural drive increase in the contralateral limb detected 
in the present study arise at the supraspinal level before propagating 
down the spinal cord. Despite longstanding knowledge of crossed 
effects from unilateral strength training, the hemispheric origin of 
the efferent neural drive is unclear. Established understandings of 
motor control claiming that the contralateral hemisphere governs 
unilateral motor actions may be obsolete, as there appears to be a 
contribution also from the ipsilateral hemisphere (52,53). Strong 
unilateral voluntary contractions, in particular, have been shown to 
activate both the contralateral and ipsilateral hemisphere (54,55). 
Thus, it could be speculated that activation of both hemispheres 
accompanied CSG following unilateral MST in older adults, similar 
to what has previously been documented in young (27), resulting in 
increased magnitude of efferent neural drive to the untrained muscle.

Clinical Value of Unilateral MST
Advancing age is associated with an attenuation of neural function 
during strong muscle contractions (13) and a loss/atrophy of type 
II muscle fibers (4,39). Notably, the lower extremities appear to be 
especially susceptible to a loss of neuromuscular function (56). This 
detrimental process may substantially escalate following immobili-
zation or disease, which also occurs more frequently at older age. 

Table 1. Absolute Amplitudes, Normalized Evoked Spinal Motor Peak-to-Peak Amplitude Potentials, and Voluntary Activation, of the Soleus 
(SOL) Muscle, Measured in the Contralateral Limb Following Unilateral Maximal Strength Training (MST)

MST CG

Pre Post Pre Post

Hmax (µV) 992 ± 769 888 ± 405 1171 ± 777 1,457 ± 1,191
Mmax (µV) 4,218 ± 2,092 3,613 ± 1,306 3,424 ± 1,622 4,076 ± 2,172
H/M ratio 0.23 ± 0.11 0.24 ± 0.07 0.33 ± 0.11# 0.32 ± 0.11#

M at Hmax (%Mmax) 32 ± 13 32 ± 11 33 ± 12 32 ± 12
Vsup (µV) 456 ± 264 637 ± 441 585 ± 574 617 ± 646
Msup (µV) 4,501 ± 2,095 3,760 ± 1,203 4,162 ± 2,324 4,622 ± 2,623
V/M ratio 0.11 ± 0.09 0.20 ± 0.17* 0.15 ± 0.10 0.13 ± 0.08
VA (%) 79.5 ± 5.1 83.3 ± 5.2* 79.0 ± 11.9 81.8 ± 9.3

Note: Data are presented as mean ± SD. CG = control group; Hmax = maximal H-reflex during 10% MVC; Mmax = maximal M-wave (muscle wave) during 10% 
MVC; M = M-wave; H/M-ratio maximal = H-reflex amplitude/maximal M-wave amplitude; Vsup = maximal V-wave amplitude; Msup = maximal M-wave amplitude 
during MVC; VA = voluntary activation.
*p < .05 within-group from pre- to post-test, #p < .05 between groups.

Figure  4. V/M-ratio measured in the contralateral limb before and after 
unilateral maximal strength training (MST). CG, control group. Data are 
presented as mean ± SE. *p < .05 within group from pre- to post-test, # p < 
.05 between groups from pre- to post-test. 

Journals of Gerontology: BIOLOGICAL SCIENCES, 2017, Vol. 00, No. 00 5

Downloaded from https://academic.oup.com/biomedgerontology/advance-article-abstract/doi/10.1093/gerona/glx218/4591669
by Goteborgs Universitet user
on 12 January 2018



Consequently, it is critical to maintain neuromuscular function in 
periods of inactivity. In fact, older adults are even documented to 
exhibit a more pronounced loss of neuronal motor function during 
immobilization, and to have a subsequent reduced training response, 
compared to young (10). This implies that contralateral efferent 
neural drive transfer has clinical relevance in itself, since a neural 
deterioration may be difficult or even impossible to restore at a later 
stage. Unilateral MST, as carried out in the current study, aims to 
maximally innervate the central motor pathway resulting in a poten-
tial to increase the force output to fast twitch fibers in both limbs, 
and may be a strategy of great value to counteract the neuromuscu-
lar impairment associated with inactivity in older adults. Fractures 
and neurological damage, such as hemiplegia or hemiparesis post-
stroke, predominantly affects one side of the body, making it pos-
sible to apply MST on the contralateral side (57,58). Because of the 
slow eccentric phase, MST is also considered to be safe to carry out 
(34), and has been applied to several sedentary patient populations 
(31,32,59,60), including patients with neurologic diseases charac-
terized by a reduction in efferent neural drive in the affected side 
(33,61,62). Maintenance, or even improvement, of efferent neural 
drive to functionally relevant lower extremity musculature has the 
potential to preserve force-generating capacity during critical peri-
ods of immobilization at older age, and thereby contribute to main-
tained physical function and performance, and ultimately, improving 
quality of life.

Conclusions

The current study provides evidence that strength training-induced 
efferent neural drive plasticity persists with age, and results in cross-
limb transfer of V/M-ratio and VA during strong muscle contrac-
tions in functionally relevant lower extremity musculature. These 
findings are highly relevant in situations where bilateral strength 
training is deemed challenging or non-optimal in older individuals. 
Specifically, our data highlight that MST, tailored to target efferent 
neural drive, may be advantageous, yielding a potential to maintain 
neuromuscular function and force-generating capacity during peri-
ods of unilateral limb disuse.
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