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Silva-Batista C, Mattos EC, Corcos DM, Wilson JM, Heckman
CJ, Kanegusuku H, Piemonte ME, Túlio de Mello M, Forjaz C,
Roschel H, Tricoli V, Ugrinowitsch C. Resistance training with
instability is more effective than resistance training in improving
spinal inhibitory mechanisms in Parkinson’s disease. J Appl Physiol
122: 1–10, 2017. First published November 10, 2016; doi:10.1152/
japplphysiol.00557.2016.—This study assessed 1) the effects of 12
wk of resistance training (RT) and resistance training with instability
(RTI) on presynaptic inhibition (PSI) and disynaptic reciprocal inhi-
bition (DRI) of patients with Parkinson’s disease (PD); 2) the effec-
tiveness of RT and RTI in moving PSI and DRI values of patients
toward values of age-matched healthy controls (HC; Z-score analy-
sis); and 3) associations between PSI and DRI changes and clinical
outcomes changes previously published. Thirteen patients in RT
group, 13 in RTI group, and 11 in a nonexercising control group
completed the trial. While RT and RTI groups performed resistance
exercises twice a week for 12 wk, only the RTI group used unstable
devices. The soleus H reflex was used to evaluate resting PSI and DRI
before and after the experimental protocol. The HC (n � 31) was
assessed at pretest only. There were significant group � time interac-
tions for PSI (P � 0.0001) and DRI (P � 0.0001). RTI was more
effective than RT in increasing the levels of PSI (P � 0.0154) and
DRI (P � 0.0001) at posttraining and in moving PSI [confidence
interval (CI) 0.1–0.5] and DRI (CI 0.6–1.1) levels to those observed
in HC. There was association between DRI and quality of life changes
(r � �0.69, P � 0.008) and a strong trend toward association be-
tween PSI and postural instability changes (r � 0.60, P � 0.051) after
RTI. RTI increased PSI and DRI levels more than RT, reaching the
average values of the HC. Thus RTI may cause plastic changes in PSI
and DRI pathways that are associated with some PD clinical out-
comes.

NEW & NOTEWORTHY Patients with Parkinson’s disease (PD)
have motor dysfunction. Spinal inhibitory mechanisms are important
for modulating both supraspinal motor commands and sensory feed-
back at the spinal level. Resistance training with instability was more
effective than resistance training in increasing the levels of presyn-
aptic inhibition and disynaptic reciprocal inhibition of lower limb at

rest of the patients with PD, reaching the average values of the healthy
controls.

motor complexity exercise; presynaptic inhibition; disynaptic recip-
rocal inhibition; descending drive; proprioception

SPINAL INHIBITORY MECHANISMS, such as presynaptic inhibition
and disynaptic reciprocal inhibition, are important for modu-
lating muscle coordination by adjusting both supraspinal motor
commands and sensory feedback at the spinal level (34). In
Parkinson’s disease (PD), a highly prevalent neurodegenera-
tive disorder characterized by disabling motor symptoms, ab-
normalities in presynaptic inhibition and disynaptic reciprocal
inhibition may contribute to PD motor signs, mobility impair-
ment, and poor quality of life. Presynaptic inhibition in the
lower limbs at rest is decreased in patients with PD compared
with age-matched healthy individuals (30, 45) and is associated
with bradykinesia and deficits in mobility (30). Disynaptic
reciprocal inhibition in the lower limb at rest is impaired in
patients with PD compared with age-matched healthy individ-
uals due to rigidity (2). Thus adjunct therapies that induce
plasticity in spinal networks may help normalize levels of
presynaptic inhibition and disynaptic reciprocal inhibition in
patients with PD, thereby contributing to motor recovery and
improvement in quality of life.

Studies have demonstrated that presynaptic inhibition and
disynaptic reciprocal inhibition of the lower limb may be
modulated with exercise in healthy individuals (15, 37). How-
ever, to the best to our knowledge, no study has assessed the
effects of exercise on presynaptic inhibition and disynaptic
reciprocal inhibition of the lower limb at rest in patients with
PD. We have previously published the results of our instability
resistance training trial in PD (IRTT-PD) comparing the effects
of 12 wk of resistance training (RT) and of resistance training
with instability (RTI) on clinical outcomes (mobility, on-
medication motor signs, cognitive impairment, and quality of
life) in patients with PD (47). Our results demonstrated that
only RTI was effective in significantly improving the clinical
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outcomes of patients (47). However, the training-induced phys-
iological advantages of RTI over RT are still unknown.

With RTI, the concomitant and progressive increase in
load/resistance and amount of instability over time introduces
greater motor complexity and postural demand compared with
RT (47), which would require greater fine modulation of both
sensory feedback and supraspinal motor commands via spinal
inhibitory mechanisms. In this sense, we hypothesized that RTI
will be more effective than RT in improving the levels of
presynaptic inhibition and disynaptic reciprocal inhibition of
the lower limb at rest and moving these levels closer to those
of an age-matched healthy control group (HC). Thus the
improvements in the levels of presynaptic inhibition and di-
synaptic reciprocal inhibition after RTI would have associa-
tions with improvement in clinical outcomes that we have
observed previously only after RTI (47).

Therefore, the present randomized controlled trial has three
aims: 1) to compare the effects of 12 wk of RT and RTI on
resting levels of presynaptic inhibition and disynaptic recipro-
cal inhibition of the lower limb of patients with PD; 2) to
determine the effectiveness of RT and RTI in moving PSI and
DRI values of patients with PD toward values of HC (Z-score
analysis); and 3) to investigate whether changes in presynaptic
inhibition and disynaptic reciprocal inhibition are associated
with changes in clinical outcomes that we have observed
previously (47).

METHODS

Participants

All of the patients were recruited from the Brazil Parkinson
Association. The diagnosis of idiopathic PD was confirmed by a
movement disorders specialist in accordance with UK Parkinson’s
Disease Society Brain Bank diagnostic criteria (16). Eligibility criteria
were as follows: 1) Hoehn and Yahr stage between 2 and 3; 2) stable
medication; 3) age between 50 and 80 yr; 4) not having engaged in
any physical training in the past 3 yr; 5) not presenting with a
neurological disorder other than PD; and 6) not having significant
arthritis, cardiovascular disease, and Mini-Mental State Examination
score �23 (14). Eligibility criteria for the HC included items 3 to 6.
The IRTT-PD was approved by the University’s Ethical Committee
(approval no. 2011/12) and was registered at the Brazilian National
Clinical Trial database (www.ensaiosclinicos.gov.br; RBR-53S3RK).
All of the participants were informed of the inherent risks and benefits
before signing an informed consent form.

Experimental Design

The IRTT-PD was a prospective, parallel group, single-center,
randomized controlled trial conducted between March 2013 and
September 2014. Presynaptic inhibition and disynaptic reciprocal
inhibition represented a subset of the outcomes tested in our IRTT-PD
trial published previously (47), which took place over a 1-day assess-
ment. Presynaptic inhibition and disynaptic reciprocal inhibition as-
sessments were conducted at baseline and following 3 mo of inter-
vention at the same order and time of day (in the morning). Patients
with PD were assessed in the clinically “on” state (fully medicated)
within 1.5 to 2 h of taking their morning dose of dopaminergic
medication. As spinal neurons are influenced by L-dopa administra-
tion, thus changing the excitability of the H reflex in PD (25), we were
extremely careful regarding the administration of medication before
testing sessions. We used medication logs to assure that all of the
patients with PD took the morning dose of L-dopa at the same time in
the pre- and posttraining assessments. Yet, after patients took the first

dosage of medication, they were asked to remain seated for 20 min,
which has been deemed as an appropriate time window for the
medication to improve their motor state (7). The clinical outcomes
were assessed on the first and second days as described previously
(47). On the third day, the soleus H reflex was used to evaluate
presynaptic inhibition (5, 13, 18, 35) and disynaptic reciprocal inhi-
bition at rest (9, 10) of the patient’s most affected leg and of the HC’s
leg preference (i.e., leg used to kick a ball). After baseline assess-
ments, patients were classified into quartiles based on their mobility
scores (timed up and go test) (47). Patients from each quartile were
randomly assigned to the nonexercising control group (C), RT group,
or RTI group. Details about power analysis have been previously
published (47).

Testing Procedures

H-reflex assessment. All of the individuals were seated on a 45-cm
high straight back chair without armrests in a position which allowed
their hip, knees, and ankles to be flexed at 120, 135, and 110°,
respectively. They were instructed to sit relaxed with hands resting on
the thighs and to not alter their posture during the test (21). The soleus
H reflex was used to evaluate presynaptic inhibition (5, 13, 18, 35) and
disynaptic reciprocal inhibition at rest (9, 10). The soleus H reflex was
induced by stimulating the posterior tibial nerve through a monopolar
stimulating electrode (1-ms rectangular pulse) in the popliteal fossa
using a constant-current stimulator (Nicolet Viking Quest portable
EMG apparatus; CareFusion). The anode was placed proximal to the
patella. Reflexes were recorded using two self-adhesive surface disk
electrodes (1-cm diameter) placed below the insertion of the gastroc-
nemius muscles with an interelectrode distance of 3–4 cm. Reflex
responses were measured as the peak-to-peak amplitude of the H
reflex. H reflexes were evoked at an interval of 10 s. Stimulus
intensities were increased in steps of 0.05 mA, starting below the
H-reflex threshold and increasing up to supramaximal intensity to
measure the maximal motor response (Mmax). The sensitivity of the H
reflex to inhibitory and facilitatory effects depends critically on its
size (11). The H reflex was adjusted to 15–25% of Mmax in all
experiments (10). The value of Mmax was obtained when there was no
further increase in the peak-to-peak amplitude of the M response with
increasing stimulation intensity. The location of the stimulation and
recording electrodes was marked in the skin with semipermanent ink
in the pretraining assessment. Then, the electrode location was re-
marked throughout the experimental protocol, assuring the same
electrode placement in the pre- and posttraining assessments.

Conditioning stimulation. Presynaptic inhibition and disynaptic
reciprocal inhibition of the soleus H reflex was evoked by condition-
ing stimulation (1-ms rectangular pulses) of the common peroneal
nerve through bipolar surface electrodes (diameter: 0.5 cm) placed
1–3 cm distal to the neck of the fibula. Motor responses were recorded
using two self-adhesive surface disk electrodes (1-cm diameter)
placed on the tibialis anterior muscle. Care was taken to ensure that
the conditioning stimulus was applied at a position where the thresh-
old for an M response [motor threshold (MT)] in the tibialis muscle
was lower than the motor threshold in the peroneal muscle
(1.1 � MT) so as not to cause vigorous contractions in the tibialis
anterior muscle, which could be monitored throughout the experi-
ments. The specificity of this stimulation was checked several times
during the experiments. A stimulation intensity of 1.1 � MT is
submaximal for activation of all inhibitory interneurons and thus
permits that both facilitatory and inhibitory effects may be demon-
strated (5, 15, 35, 40). Thus to measure presynaptic inhibition and
disynaptic reciprocal inhibition, the H reflex was obtained in two
conditions: 1) control, just stimulating the posterior tibial nerve; and
2) conditioned, when stimulation of the common peroneal nerve (i.e.,
conditioning stimulus) was applied before stimulating the posterior
tibial nerve (i.e., test stimulus) with conditioning: control intervals of
100 ms and 2–3 ms to activate presynaptic inhibition and disynaptic
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reciprocal inhibition, respectively. At a conditioning-control interval
of 100 ms (i.e., latency), stimulation of the common peroneal nerve
evokes an inhibition that is attributed to presynaptic inhibition on the
terminals of Ia afferents to soleus motor neurons (5, 13, 18, 35). It has
been shown that long latencies (100 – 120 ms) strongly inhibited
soleus H reflex, indicating that a significant portion of the inhibition
occurs at a premotoneuronal level, likely via presynaptic inhibition
(see more details in Ref. 5). It is accepted that different subsets of
interneurons transmit presynaptic inhibition to Ia terminals projecting
to several motoneurons pools (see more details in Ref. 21). On the
other hand, conditioning-test intervals of �100 ms are likely to
involve postsynaptic mechanisms, decreasing the ability to assess pre-
synaptic influences (49). At short latency, conditioning-control interval of
2–3 ms, stimulation of the common peroneal nerve produces significant
depression of the soleus H reflex. This depression seems to be mediated
by the disynaptic Ia inhibitory pathway (9, 10). It was also calculated that
the central delay of the inhibition was ~1 ms (see more details in Ref. 10).
Thus it is possible to suggest that only an interneurone is interposed in the
pathway, allowing the conclusion that the short-latency inhibition is
mediated via the disynaptic reciprocal Ia inhibitory pathway, similar to
the pathway described in cats (19).

In some patients with PD whom the presynaptic inhibition and
disynaptic reciprocal inhibition were not present (i.e., facilitation) at
pretraining [pretraining values: see Figs. 3A2 (presynaptic inhibition)
and 3B2 (disynaptic reciprocal inhibition)], the same conditioning-
control interval was kept (100 ms for presynaptic inhibition and 2–3
ms for disynaptic reciprocal inhibition) at posttraining. These patients
were not excluded from analysis because the interest of the present
study was to test if these patients would present inhibition after
exercise training. Thus all of the patients with PD that presented
inhibition and facilitation were analyzed together. All of the HC
presented presynaptic inhibition and disynaptic reciprocal inhibition.
Average values of 25 control H reflexes and 25 conditioned H reflexes
for each conditioning-control interval were considered for further
analysis. The interval between each H-reflex stimulation was 10 s.
The estimated percentage of presynaptic inhibition and disynaptic
reciprocal inhibition was calculated by using the following equation:
%inhibition � [1 � (condH/controlH)] � 100, where condH � soleus H
reflex with conditioning stimulus in each of the two different condi-
tioning-control intervals and controlH � soleus H reflex without con-
ditioning stimulus.

Training Procedures

Details of the exercise intervention have been published previously
(47). In brief, the C group did not perform any exercise training. For
the RT and RTI groups, resistance exercises were performed twice a
week for a total of 24 training sessions (12 wk) in a gym (Center for
Psychobiology and Exercise Studies). Each training session lasted for
~50 min and started with a 10 min warm-up on a cycle ergometer (20
to 40 rpm) at the same time of day (in the morning). Both RT and RTI
groups performed five resistance exercises (leg press, latissimus dorsi
pull-down, ankle plantar flexion, chest press, and half-squat). A linear
periodization in which the training load progresses from high-volume
low-intensity (2 sets and 12 repetition maximum) to low-volume
high-intensity loads (4 sets and 8 repetition maximum) over 12 wk.
This was implemented in an attempt to maximize training adaptations.
An interval of 2 min was allowed between exercises and sets. For the
RT group, the load/resistance of the exercises was progressively
increased throughout the intervention whenever patients were able to
perform two consecutive sessions with the same exercise-load. For the
RTI group, there was a progressive and concomitant increase in
load/resistance and degree of instability of the exercises during the 3
mo. Unstable devices were changed throughout the experimental
period from the least to the most unstable devices (47). Unstable
devices (i.e., balance pad, dyna disks, balance disks, BOSU, and
Swiss ball) were placed between the bases of support of the patient

(i.e., the body area responsible for sustaining most of his body weight
and/or on the point of force application) and each resistance exercise
(47, 48). Two investigators monitored all of the training sessions.

Statistical Analysis

The Shapiro-Wilk test was used to determine normality. Non-
normal data (presynaptic inhibition and disynaptic reciprocal inhibi-
tion) were log transformed. Then, a mixed model was performed for
outcomes (presynaptic inhibition and disynaptic reciprocal inhibition),
having groups (C, RT, and RTI) and time (pre and post) as fixed
factors and patients with PD as a random factor (51). Whenever a
significant F-value was obtained, a post hoc test with a Tukey’s
adjustment was performed. Additionally, presynaptic inhibition and
disynaptic reciprocal inhibition raw values of each patient with PD in
the pre- and posttraining assessments were transformed into standard-
ized scores (i.e., Z-scores) having the means � SD values of the HC
as reference on each assessment (28, 39, 42). This analysis was
intended to determine which exercise program was more effective in
moving patients with PD in the RT and RTI groups toward the pretest
values of the HC. It is assumed that the closer Z-scores are to zero, the
more patients with PD were comparable to HC. A mixed model was
performed on the standardized scores having group (RT and RTI) and
time (pre and post) as fixed factors and patients with PD as a random
factor. Whenever a significant F-value was obtained, a post hoc test
with a Tukey’s adjustment was performed. In addition, within-group
(pre- to postchanges) and between-group (postchanges) effect sizes
(ES) were calculated using Cohen’s d (6) for each outcome. ESs were
classified as small (ES: �0.49), medium (ES: 0.50–0.79), and large
(ES: �0.80). Finally, we calculated two-tailed Pearson correlation
coefficients between the changes in presynaptic inhibition and disyn-
aptic reciprocal inhibition and the changes in the following clinical
outcomes: mobility [timed up and go test (TUG)], on-medication
motor signs [Unified Parkinson’s Disease Rating Scale motor subscale
score (UPDRS-III)], categories 22 (rigidity), 30 (postural instability),
and 31 (body bradykinesia) of the UPDRS-III, cognitive impairment
[Montreal Cognitive Assessment (MoCA)], and quality of life [Par-
kinson’s Disease Questionnaire (PDQ-39)] published previously (47).
The significance level was set at P � 0.05. Results are expressed as
means � SD. SAS 9.2 software (SAS Institute, Cary, NC) was used to
perform the statistical analyses.

RESULTS

Baseline Data

Of the 39 patients with PD enrolled in the IRTT-PD trial
published previously (47), it was possible to evoke a soleus H
reflex at baseline testing in 37 of the patients. Thus presynaptic
inhibition and disynaptic reciprocal inhibition outcomes were
analyzed on 37 patients with PD (C group � 11; RT
group � 13; RTI group � 13) and 31 HC (Fig. 1).

At baseline, there were no significant between-group differ-
ences for any demographic, anthropometrical, and clinical
characteristics (P � 0.05; Table 1). There were differences
only between the HC and the groups of patients with PD for
presynaptic inhibition (P � 0.038; Fig. 2A) and disynaptic
reciprocal inhibition (P � 0.025; Fig. 2B) in which the HC
presented with significantly higher values than the groups of
patients with PD.

Spinal Inhibitory Mechanisms

There was a significant group � time interaction for presynap-
tic inhibition [F(2,34) � 32.04, P � 0.0001]. Presynaptic inhibition
levels of the soleus muscle increased significantly in the RT group
[mean difference (MD): 12.5%; 95% confidence interval (CI): 2.0
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to 23.1; P � 0.0119; ES � 0.77] and in the RTI group (MD:
40.1%; CI: 29.5 to 50.6; P � 0.0001; ES � 1.92) after training.
The post hoc analysis revealed that the RTI group presented
greater presynaptic inhibition levels of the soleus muscle than the
C group (MD: 40.9%; CI: 16.8 to 64.9; P � 0.0002; ES � 2.63)
and the RT group (MD: 40.1%; CI: 3.6 to 49.6; P � 0.0154;
ES � 1.61) at posttraining (Fig. 3A1). The raw presynaptic inhi-
bition values (size of the conditioned H reflex as a percentage of
the control H-reflex size) from each patient are presented in Fig.

3A2, demonstrating that all of the patients showed increased
presynaptic inhibition at rest after RTI.

There was a significant group � time interaction for disyn-
aptic reciprocal inhibition [F(2,34) � 111.80, P � 0.0001].
Disynaptic reciprocal inhibition levels of soleus muscle in-
creased significantly only in the RTI group (MD: 30.8%; CI:
25.9 to 35.6; P � 0.0001; ES � 4.14) after training. The post
hoc analysis revealed that the RTI group presented greater
disynaptic reciprocal inhibition levels of soleus muscle than the
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(n = 27)

Healthy Individuals (n = 58)
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Not eligible (n = 30)
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(n = 15)

Back pain (n = 1)
Death (n = 1)

Did not want to continue
(n = 5)

Without H-reflex (n = 2)
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(n = 13)

Lost follow-up
(n = 0)

Lost follow-up
(n = 0)

HC no exercise
training (n = 31)

Fig. 1. The trial profile with schematic representation of participant recruitment and allocation. C, control; RT, resistance training; RTI, resistance training with
instability; HC, healthy control.

Table 1. Characteristics of the patients with Parkinson’s disease by group and healthy control group.

Characteristics C RT RTI HC

Demographic
Men/women (n) 9/2 10/3 10/3 13/18
Age, yr 65.4 � 8.0 64.1 � 9.1 64.2 � 10.6 65.5 � 8.2

Anthropometrical
Body mass, kg 70.3 � 12.0 70.8 � 10.1 71.3 � 8.2 68.3 � 11.8
Height, cm 1.68 � 0.1 1.68 � 0.2 1.69 � 0.2 1.62 � 0.1

Clinical
Mini-Mental State Examination (score) 28.4 � 1.9 28.5 � 1.9 28.8 � 1.7 29.5 � 0.7
Years since diagnosis, yr 10.4 � 5.6 9.6 � 3.9 10.5 � 4.1
Hoehn and Yahr staging scale, AU 2.5 � 0.4 2.5 � 0.5 2.5 � 0.4
UPDRS-III (score) 45.2 � 8.1 43.7 � 13.4 45.1 � 8.2

Antiparkinsonian drug
L-dopa equivalent units, mg/day 793.9 � 163.0 835.8 � 287.0 875.9 � 223.4

Values are means � SD; n � 37 for Parkinson’s disease and n � 31 healthy control group. C, control; RT, resistance training; RTI, resistance training with
instability; HC, healthy control; UPDRS-III, Unified Parkinson’s Disease Rating Scale part III motor subscale; AU, arbitrary units.
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C group (MD: 31.6%; CI: 22.2 to 40.9; P � 0.0001;
ES � 4.05) and the RT group (MD: 30.1%; CI: 21.1 to 39.0;
P � 0.0001; ES � 6.74) at posttraining (Fig. 3B1). The raw
disynaptic reciprocal inhibition values from each patient are
presented in Fig. 3B2, demonstrating that all of the patients
increased the disynaptic reciprocal inhibition levels at rest after
RTI.

Figures 4 (presynaptic inhibition) and 5 (disynaptic recipro-
cal inhibition) show examples of control (A1, B1, and C1) and

conditioned (A1, B1, and C1) soleus H reflexes, pre- and
posttraining for the RTI group, and at baseline for the healthy
control group.

Spinal Inhibitory Mechanisms: Z-Score

There was a significant group � time interaction for presyn-
aptic inhibition Z-score [F(1, 24) � 24.73, P � 0.0001]. Presyn-
aptic inhibition Z-score values improved for RT group [MD:

Fig. 2. Means � SD are shown for the pre-
synaptic inhibition (A) and disynaptic recip-
rocal inhibition (B) at baseline for the con-
trol (C), resistance training (RT), resistance
training with instability (RTI), and healthy
control (HC) groups. *HC presented higher
presynaptic inhibition and disynaptic recip-
rocal inhibition levels in the lower limb than
the groups of patients with Parkinson’s dis-
ease (P � 0.05).

Fig. 3. A1 and B1: means � SD for the presynaptic inhibition and disynaptic reciprocal inhibition, respectively, in pre- and posttraining for the control (C),
resistance training (RT) and resistance training with instability (RTI) groups. *Different from pretraining values (P � 0.05). #Different from posttraining values
of the C (P � 0.05). &Different from posttraining values of the RT (P � 0.05). A2 and B2: individual values for presynaptic inhibition and disynaptic reciprocal
inhibition, respectively, expressed as the size of the conditioned H reflex as a percentage of the control H-reflex size in pre- and posttraining for the control (C),
resistance training (RT), and resistance training with instability (RTI) groups. As can be seen, all of the patients of the RTI group presented a large slope at
posttraining for each spinal inhibitory mechanisms, indicating that they increased the presynaptic inhibition and disynaptic reciprocal inhibition following RTI.
$Patients that presented facilitation are above the dashed line. As can be seen, in A2 at pretraining, 3 patients in the C group (109.2, 135.9, and 102.4%), 3 patients
in the RT group (106.3, 128.4, and 104.3%), and 3 patients in the RTI group (119.8, 145.2, and 102.4%) presented facilitation. Likewise, in B2 at pretraining,
the same patients presented facilitation: 3 patients in the C group (109.4, 100.3, and 103.1%), 3 patients in the RT group (109.5, 103.5, and 105.4%), and 3
patients in the RTI group (104.7, 106.7, and 102.6%).
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0.3 arbitrary units (AU); CI: 0.1 to 0.7; P � 0.0165; ES �
0.77] and RTI group (MD: 1.2 AU; CI: 0.8 to 1.5; P � 0.001;
ES � 1.92) at posttraining. The post hoc analysis revealed that
the RTI group presented greater presynaptic inhibition Z-score
values than the RT group (MD: 0.8 AU; CI: 0.1 to 1.4; P �
0.0112; ES � 1.61; Fig. 6A). Additionally, posttraining CIs of
the estimated Z-score means for the presynaptic inhibition (CI:
0.1 to 0.5) indicate that RTI improved presynaptic inhibition of
the patients up to the level of the average HC as these intervals
crossed zero (Fig. 6A).

There was a significant group � time interaction for disyn-
aptic reciprocal inhibition Z-score [F(1,24) � 129.30, P �
0.0001]. Disynaptic reciprocal inhibition Z-score values im-
proved only for RTI group (MD: 2.0 AU; CI: 1.7 to 2.3; P �
0.0001; ES � 4.14) at posttraining. The post hoc analysis
revealed that the RTI group presented greater disynaptic recip-
rocal inhibition Z-score values than the RT group (MD: 1.9
AU; CI: 1.4 to 2.4; P � 0.0001; ES � 6.74; Fig. 6B). Addi-
tionally, posttraining CIs of the estimated Z-score means for
the disynaptic reciprocal inhibition (CI: 0.6 to 1.1) indicate that
the RTI group showed greater disynaptic reciprocal inhibition
values than the average value of the HC, as the confidence
interval is positive and does include zero (Fig. 6B).

Associations with Clinical Outcomes

We also explored correlations between changes in presynaptic
inhibition and disynaptic reciprocal inhibition and changes in
clinical outcomes known to improve following RTI (TUG score,
on-medication UPDRS-III score, rigidity score, postural instabil-
ity score, body bradykinesia score, MoCA score, and PDQ-39
score) (47). There was a significant correlation between
changes in disynaptic reciprocal inhibition and changes in
PDQ-39 score (r � �0.69, P � 0.008). There was a strong
trend toward association between changes in presynaptic inhi-
bition and changes in postural instability score (r � 0.60, P �
0.051).

Adherence and Adverse Events

Both training protocols were well tolerated by all of the
patients. Adherence to the protocol was high for the RT group
[23.6 � 0.5 sessions (98%)] and the RTI group [23.3 � 0.7
sessions (97%)]. No adverse events were reported during the
trial.

DISCUSSION

Three aims comprise the purpose of the present work: 1) to
compare the effects of RTI and RT on presynaptic inhibition

Fig. 4. Presynaptic inhibition. Examples of control
and conditioned soleus H reflexes at rest before (A1
and A2, respectively) and after (B1 and B2, respec-
tively) resistance training with instability. C1 and
C2: examples of a control and a conditioned soleus
H reflex at rest, respectively, of an age-matched
healthy control at baseline.

Fig. 5. Disynaptic reciprocal inhibition. Examples of
control and conditioned soleus H reflexes at rest
before (A1 and A2, respectively) and after (B1 and
B2, respectively) resistance training with instability.
C1 and C2: examples of a control and a conditioned
soleus H reflex at rest, respectively, of an age-
matched healthy control at baseline.
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and disynaptic reciprocal inhibition in individuals with PD; 2)
to determine the effectiveness of RT and RTI in moving PSI
and DRI values of patients toward values of age-matched
healthy controls (Z-score analyses); and 3) to test associations
between changes in PSI and DRI and changes in clinical
outcomes published elsewhere (47). Our main findings were as
follows: 1) RTI was more effective than RT in increasing
presynaptic inhibition and disynaptic reciprocal inhibition lev-
els of the lower limb at rest of patients with PD (Fig. 3); 2)
after RTI, patients showed presynaptic inhibition and disynap-
tic reciprocal inhibition values similar to and higher than the
average values of the HC, respectively (Fig. 6); and 3) there
was a significant correlation between changes in disynaptic
reciprocal inhibition and changes in quality of life and a strong
trend toward association between changes in presynaptic inhi-
bition and changes in postural instability.

Previous studies have demonstrated increases in presynaptic
inhibition and disynaptic reciprocal inhibition of the lower
limb following exercise training in healthy individuals (15,
37); however, no study has addressed the effects of exercise
interventions on these inhibitions in patients with PD. The
present randomized controlled trial is the first to demonstrate
exercise-induced changes in presynaptic inhibition and disyn-
aptic reciprocal inhibition of the lower limb at rest in patients
with PD. Presynaptic inhibition at rest has been shown to
increase after training a new motor skill (37), whereas disyn-
aptic reciprocal inhibition has been shown to increase during a
functional motor task following strength training (15). Our
findings are the first to suggest that exercise (i.e., RTI) can
induce plastic changes in both presynaptic inhibition and di-
synaptic reciprocal inhibition pathways at the spinal level at
rest, while RT does not seem to produce changes of the same
magnitude in patients with PD.

Possible explanations for the effectiveness of RTI over
RT include changes in descending drive, changes in sensory
feedback, or a combination of both. The possibility that RTI
increases descending drive to the interneurons regulating
presynaptic inhibition and disynaptic reciprocal inhibition is
supported by evidence showing that the degree of difficulty
in motor skill training increases the excitability of cortico-
spinal neurons projecting to the ankle muscles compared
with nonskill training in healthy individuals (38). Thus as
RTI is a high motor complexity intervention (47), there may
be increased corticospinal drive to the interneurons that
mediate presynaptic inhibition (18, 24, 26) and disynaptic
reciprocal inhibition (17, 24).

The use of unstable devices while performing RTI also
requires greater proprioceptive demand than while performing
RT (3, 4) consequently increasing sensory feedback. For ex-
ample, performing a half-squat exercise on a BOSU device
requires high amounts of sensory feedback to maintain bal-
ance, compared with performing a half-squat on a stable
surface (3, 4). The effect of sensory feedback on motoneurons
activity may be effectively modulated at the presynaptic inhib-
itory synapses. In fact, evidence has demonstrated that selec-
tive presynaptic control of Ia afferents contributes to the
modulation of sensory inputs during acquisition of visuo-motor
skills (37). Moreover, the regulation of sensory information at
the presynaptic level may also facilitate the signaling of pro-
prioceptive information to the cortex (29). In this sense, it is
possible to suggest that while RTI was performed the observed
increase in presynaptic inhibition may have contributed to
adjust supraspinal motor commands. Another speculation
about the increase in the level of presynaptic inhibition after
RTI may be the cocontraction caused by it. RTI increases the
cocontraction to stabilize the joints (1, 4), and evidence has
demonstrated that the level of presynaptic inhibition increases
during the cocontraction of ankle muscles (33). Thus the
sensory feedback and the cocontraction caused by RTI may
increase the level of presynaptic inhibition. Regarding disyn-
aptic reciprocal inhibition, the effects of sensory input on it are
still unknown, as transmission in the disynaptic reciprocal
inhibition pathway has been shown to be influenced by activity
in sensory input in some studies (36) but not in others (50). In
addition, if cocontraction occurred at the ankle joint during
RTI as evidence demonstrated (1, 4), disynaptic reciprocal
inhibition should have decreased in the present randomized
control trial as evidence has shown that during cocontraction of
ankle muscles, the level of disynaptic reciprocal inhibition is
decreased, probably because the cocontraction leads to depres-
sion of the transmission in the disynaptic reciprocal inhibition
pathway, thus ensuring a high excitability level in the mo-
toneurones of both antagonist muscles (32). Thus further stud-
ies are necessary to test the influence of sensory feedback and
cocontraction on the level of reciprocal inhibition.

Finally, the high motor complexity involved in performing
RTI (47) may require greater sensorimotor interaction than
when performing RT. Presynaptic inhibition and disynaptic
reciprocal inhibition are required to deal with high motor
complexity (i.e., RTI), modulating supraspinal motor com-
mands and sensory feedback at the spinal level as they are
critical in the control of movement (34). We suggest that RTI

Fig. 6. Mean � SD Z-scores for the presynaptic inhibition (A) and disynaptic reciprocal inhibition (B) in pre and posttraining for the resistance training (RT)
and resistance training with instability (RTI) groups. *Different from pretraining values (P � 0.05). #Different from posttraining values of the RT (P � 0.05).
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may have increased to a greater degree the descending input
and sensory feedback to spinal interneurons that convey pre-
synaptic inhibition and disynaptic reciprocal inhibition, thus
enhancing these spinal inhibitory mechanisms at rest compared
with RT (Fig. 3). However, further studies are necessary to test
our hypotheses.

RTI was more effective than RT in producing presynaptic
inhibition and disynaptic reciprocal inhibition levels to those
observed in healthy individuals (Fig. 6). For presynaptic inhi-
bition levels, Z-score analysis indicated that RTI moved pa-
tients from an average of �1.0 SD from HC group values at
pretraining to 0.2 SD at posttraining (Fig. 6A). This change is
important for patients because presynaptic inhibition of the
lower limb is decreased in PD compared with HC, as observed
in the present randomized controlled trial (Fig. 2A) and in
previous ones (30, 45). Likewise, RTI was more effective than
RT in moving disynaptic reciprocal inhibition levels of patients
with PD to those observed in healthy individuals. Z-score
analysis also indicated that RTI moved patients from an aver-
age of �1.2 SD from HC values at pretraining to 0.9 SD at
posttraining (Fig. 6B). Despite that our baseline data demon-
strated lower disynaptic reciprocal inhibition levels for patients
with PD than HC (Fig. 2B), one previous study has investigated
disynaptic reciprocal inhibition levels at rest in the lower limb
of patients with PD and demonstrated that it is abnormally
increased in patients with PD compared with HC (2). The
difference in results between our study and that of Bathien and
Rondot (2) may be due to the different methods used to assess
disynaptic reciprocal inhibition. The method adopted in the
present study has been widely used in the literature to observe
disynaptic reciprocal inhibition levels in different populations
(8, 10, 12, 32) despite the limitations of the method (8) and the
control (great care was taken to activate mainly that branch of
the peroneal nerve) required to generate a conditioning stimu-
lus able to isolate the activation of the branch of the peroneal
nerve, which supplies the tibialis anterior muscle (12). The
other study (2) used anesthetic block in the peroneal nerve,
obtaining an increase in H-reflex amplitude attributed to recip-
rocal continuous inhibition. However, the anesthesia affects all
fibers of the peroneal nerve (e.g., Ia afferents from tibialis
anterior, Ia afferents from peroneal muscle, and cutaneous
fibers that may modulate presynaptic inhibition) that influence
the excitability of soleus H reflex (18). In addition, Ia quadri-
ceps facilitation (27) and contralateral facilitation and inhibi-
tion may also influence the H-reflex amplitude (46). Taken
together, we believe that disynaptic reciprocal inhibition of
lower limb at rest is decreased in patients with PD as observed
in the present randomized controlled trial (Fig. 2B). The fact
that exercise moves the values closer to those of the HC further
supports this position. However, further studies should try to
investigate the disynaptic reciprocal inhibition levels at rest in
the lower limb of patients with PD.

RTI has been shown to produce significant changes in
clinical outcomes (47). Studies have shown that the changes in
spinal inhibitory mechanisms that happen in PD have been
associated with clinical outcome measures including mobility
and bradykinesia (30) as well as rigidity (2). Therefore, in
response to these findings, we explored potential associations
between changes in spinal inhibitory mechanism and changes
in clinical outcomes previously published (47). In the present
study, we found a significant correlation between changes in

disynaptic reciprocal inhibition and changes in PDQ-39 score
(r � �0.69, P � 0.008) and a strong trend toward correlation
between changes in presynaptic inhibition and changes in
postural instability score (r � 0.60, P � 0.051) following RTI.

Disynaptic reciprocal inhibition contributes to modulate mo-
bility (22), which is strongly associated with poor quality of
life (31). The abnormal modulation of disynaptic reciprocal
inhibition in PD may explain to some extent mobility impair-
ment in PD. Disynaptic reciprocal inhibition is modulated in a
phase-dependent manner during human walking (22, 41). The
soleus H reflex is depressed during the swing phase and absent
during the stance phase of gait in healthy individuals, as
disynaptic reciprocal inhibition exerted from tibialis anterior
group Ia afferents onto soleus alpha motoneurons (22) is
enhanced in the stance phase (41). Thus the increase in disyn-
aptic reciprocal inhibition after RTI may have modulated the
mobility of patients with PD; consequently, the improvement
in mobility was perceived positively by patients of the RTI
group as only this group improved ratings of quality of life
(47). Presynaptic inhibition is known to affect postural control
during standing (20). Spinal inhibition of the H reflex is
frequently lost in older individuals and this inability to regulate
the H reflex is associated with negative changes in postural
sway (44). Thus a loss of presynaptic inhibition may contribute
to postural instability in patients with PD and the increase in
presynaptic inhibition following RTI may produce direct ben-
efits for postural control of these patients.

It is worth highlighting that some patients with PD produced
facilitation instead of inhibition following a conditioning stim-
ulus as stated in METHODS and illustrated in Fig. 3, A2 and B2.
This could be attributed to different sources. First, the condi-
tioning stimulation depolarizes Ia afferents from peroneal mus-
cles that have facilitatory effects on the soleus muscle (27).
Second, the H reflex is more susceptible to inhibition/facilita-
tion depending on the size of the control H reflex (11). Third,
PD may cause reductions in presynaptic inhibition and disyn-
aptic reciprocal inhibition pathways due to abnormal excitabil-
ity of motor cortical circuitry (43, 52) and impaired sensori-
motor integration (23). To minimize the two first factors,
contraction of the peroneal muscle was highly controlled in the
present randomized controlled trial isolating the tibialis ante-
rior muscle. In addition, the size of the control H reflex was
maintained constant at pre- and posttraining assessments, thus
reducing the bias in the amount of inhibition (presynaptic
inhibition or disynaptic reciprocal inhibition) observed in the
present randomized controlled trial as it depends on the size of
the control H reflex. Taken together, we think that for these
patients who presented facilitation (Fig. 3, A2 and B2) the
excitability of the presynaptic inhibition and disynaptic recip-
rocal inhibition pathways may be decreased due to changes
caused by PD. Moreover, there were no significant differences
(P � 0.05) between patients with and without facilitation for
any demographic, anthropometrical, and clinical characteris-
tics (data not shown). Thus future studies should try to inves-
tigate if facilitation is due to changes caused by PD.

Therefore, we conclude that RTI was more effective than
RT in increasing the levels of presynaptic inhibition and
disynaptic reciprocal inhibition of lower limb at rest of
patients with PD and in normalizing presynaptic inhibition
and disynaptic reciprocal inhibition levels in patients to a
magnitude observed in the average HC. The improvement in
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the spinal inhibitory mechanisms contributed to improve-
ment in postural instability and quality of life after RTI as
previously published (47). Thus the results of the present
randomized-controlled trial further emphasize the potential
of RTI over RT as an effective and novel adjunct therapy for
individuals with PD.
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