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Purpose: Clinically, arthrogenic muscle inhibition (AMI) has a negative impact on func-
tional recovery in musculoskeletal disorders. One possible technique to relieve AMI is motor 
imagery, which is widely used in neurological rehabilitation to enhance motor neuron 
excitability. The purpose of this study was to verify the efficacy of visually-assisted motor 
imagery against AMI using a human experimental pain model.
Methods: Ten healthy volunteers were included. Experimental ankle pain was induced by 
hypertonic saline infusion into unilateral Kager’s fat pad. Isotonic saline was used as control. 
Subjects were instructed to imagine while watching a movie in which repetitive motion of 
their own ankle or fingers was shown. H-reflex normalized by the motor response (H/M 
ratio) on soleus muscle, maximal voluntary contraction (MVC) force of ankle flexion, and 
contractile activities of the calf muscles during MVC were recorded at baseline, pre- 
intervention, post-intervention, and 10 minutes after the pain had subsided.
Results: Hypertonic saline produced continuous and constant peri-ankle pain (VAS peak 
[median]= 6.7 [2.1–8.4] cm) compared to isotonic saline (0 [0–0.8] cm). In response to pain, 
there were significant decreases in the H/M ratio, MVC and contractile activities (P<0.01), 
all of which were successfully reversed after the ankle motion imagery. In contrast, no 
significant changes were observed with the finger motion imagery.
Conclusion: Visually-assisted motor imagery improved the pain-induced AMI. Motor 
imagery of the painful joint itself would efficiently work for relieving AMI. This investiga-
tion possibly shows the potential of a novel and versatile approach against AMI for patients 
with musculoskeletal pain.
Keywords: arthrogenic muscle inhibition, experimental ankle pain model, visually-assisted 
motor imagery

Introduction
Arthrogenic muscle inhibition (AMI) is a presynaptic, ongoing reflex inhibition of 
periarticular musculature elicited by abnormal input to the joint such as swelling 
and pain.1 AMI is a natural, protective response intended to reduce activity of the 
motor neuron pool to prevent further joint damage, however, prolonged AMI can 
cause muscle weakness and atrophy, which consequently lead to functional 
deficits.2 Particularly, pain-associated AMI has notable impact on patients with 
musculoskeletal disorders.3 To date, some clinical studies have suggested treatment 
modalities for AMI such as cryotherapy and transcutaneous electrical nerve 
stimulation,4,5 however, preventive strategies have not been established yet.
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Experimental human pain models have provided better 
understanding of pain characteristics originating from spe-
cific anatomical structures.6 In animal studies, hypertonic 
saline injection into musculoskeletal structures induced 
neural firing in a large population of group III and IV 
nociceptive afferents.7 In humans, injection of hypertonic 
saline into muscles and ligaments is an accepted, efficient, 
and safe method to induce temporary pain which has 
similar features to clinical musculoskeletal pain6 and 
mimics the pain-related features of, eg, pain in 
osteoarthritis.8 These models have further advantage for 
evaluating motor alteration purely due to pain, which is 
difficult to demonstrate in patients with heterogeneous 
conditions. Indeed, several studies have shown 
a decrease of quadriceps muscle force with less motor 
neuron recruitment9,10 using experimental pain models.

In the field of electrophysiology, H/M ratio, defined as 
Hoffmann reflex (H-reflex) normalized by the motor 
response, has been used to assess motor neuron pool 
excitability11 and some of the studies reported its useful-
ness for evaluating AMI.11,12 In terms of technical issues, 
H-wave recording on the soleus muscle has been reported 
as a highly reliable measurement13 that would be easily 
available for H/M ratio assessment.

Motor imagery is a mental practice without any body 
movements.14 In rehabilitation, motor imagery combined 
with visual feedback has been used for patients with motor 
impairment after neurological disorders, such as spinal cord 
injuries and strokes.15,16 Clinical reviews have reported that 
rehabilitation using motion observation and imagery of the 
identical action is effective in restoring motor function.17 

Recently, evidence for the neural mechanisms of motor ima-
gery has been accumulated in neuroimaging and electrophy-
siological studies.18,19 In electrophysiology studies, some 
authors reported facilitation of the H-waves’ amplitude during 
motor imagery compared with at rest,20,21 whereas other stu-
dies showed reduction or no significant change.22,23 Thus, 
a consensus about the effect of motor imagery on H-waves 
has yet to be reached, however, a recent study reported that 
motor imagery could activate both cortical and subcortical 
structures and that its impact on spinal networks depends, at 
least, on the excitability thresholds of the involved interneurons 
and motoneurons structures.24,25 Although these reports sup-
ported that motor imagery probably modulates neural systems 
such as corticospinal tracts and spinal reflex circuits,18,26 its 
potential for relieving AMI has not been fully investigated.

The aim of this study was, therefore, to establish 
a human experimental pain model for evaluating AMI, 

and to utilize this model to study the effect of visually- 
assisted motor imagery against AMI. We hypothesized that 
our novel experimental pain model would be suitable for 
evaluating pain-associated AMI and visually-assisted 
motor imagery could improve the AMI.

Materials and Methods
Subjects
Ten healthy volunteers with no history of musculoskeletal or 
neurological problems participated in this study (sex; 8 men, 
age; 26±3 years [mean ± SD], height [range]; 167[153–181] 
cm, weight [range]; 68 [44–95] kg, BMI [range]; 24.6 
[18.9–32.8] kg/m2). Subjects were given a detailed written 
and verbal explanation of the experimental procedures. 
Ethical approval was obtained from the institutional ethical 
review board of Kochi Medical School (ERB-10,435), and 
the study protocol was registered to UMIN-CTR 
(UMIN000029529). Written informed consent was obtained 
from all subjects prior to study enrollment. The study was 
conducted in compliance with the Declaration of Helsinki.

Experimental Protocol
This study was a randomized, double blinded, placebo- 
controlled trial, and consisted of 2 experiments 
(Experiment-A and -B) separated by at least a 1-week 
interval. Experiment-A contained 2 sessions which had 2 
types of motor imagery interventions (ankle or finger) 
whereas Experiment-B had 1 session (ankle motion ima-
gery only). In each session, the subjects received 1 hyper-
tonic and 1 isotonic saline infusion separated by 15 
minutes, with the experimenter and subject blinded to the 
order of the saline type. H/M ratio in Experiment-A, 
maximal voluntary contraction (MVC) and root mean 
square (RMS) of calf muscles activities in Experiment-B 
were evaluated at Baseline (pre-saline infusion; T0), Pre- 
intervention (stable painful state after saline infusion; T1), 
Post-intervention (3 minutes after intervention; T2) and 10 
minutes after the pain had subsided (Recovery; T3). 
Illustration of the study design and an example of the 
experimental procedure are shown in Figure 1. Averages 
of measurements were used for analysis.

Experimental Ankle Pain Model
Study participants lay in a prone position on the bed, and 
skin was cleaned with an alcohol wipe and iodine 
(Libatape pharmaceutical Co., Ltd. Tokyo, Japan) to 
decrease the risk of infection. A 26-gauge flexible catheter 
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(Nipro Co., Osaka, Japan) was inserted from medial edge 
of the Achilles tendon into the left Kager’s fat pad, that is 
an adipose tissue located between the Achilles tendon, 

superior cortex of the calcaneus and flexor hallucis longus 
muscle and tendon (Figure 2A and B). The catheter was 
connected to a 20mL syringe via a 100cm extension tube 

Figure 1 Experimental protocol. The evaluation was performed at four points: Baseline (pre-saline infusion; T0), Pre-intervention (stable painful state after saline infusion; 
T1), Post-intervention (3 minutes after intervention; T2) and 10 minutes after the pain had subsided (Recovery; T3). All subjects received hypertonic and isotonic infusions 
each day. The order of infusion type of saline (hypertonic/isotonic) and measurement (Experiment-A or -B) were randomized and balanced. Experiment-A contained 2 
sessions which had 2 types of motor imagery interventions (ankle or finger) whereas Experiment-B had only 1 session (ankle motion imagery). Experiment-A measured H/M 
ratio, while Experiment-B recorded MVC force and RMS of the amplitude. 
Abbreviations: MVC, maximal voluntary contraction; RMS, root mean square.

Figure 2 Experimental ankle pain model. (A) Set-up of the flexible catheter insertion. (B) Ultrasound image of the catheter inserted into Kager’s fat pad (A) Calcaneus, (B) 
Achilles tendon, Kager’s fat pad (yellow), catheter (white). *Tip of the catheter. (C) Syringe infusion pump attached to the catheter.
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(Nipro Co., Osaka, Japan), which was attached to an infu-
sion pump (Top Co., Ltd. Nagoya, Japan, Figure 2C). The 
infusion pump produced a continuous saline flow of 
0.154 mL/min. Infusion of hypertonic saline (1.0mEq, 
Otsuka Pharmaceutical Co., Ltd. Tokyo, Japan) was used 
for evoking ankle pain, whereas isotonic saline (0.16mEq/ 
mL, Otsuka Pharmaceutical Co., Ltd. Tokyo, Japan) was 
used as control. All infusions were performed under 
strictly sterile conditions by an experienced orthopedic 
surgeon (S.T). The location of infusion site was confirmed 
by ultrasound imaging (SONIMAGE HS1, KONICA 
MINOLTA, inc. Tokyo, Japan).

Measurement
Pain Intensity
The experimental pain intensity and duration were mea-
sured on a 10cm electronic visual analog scale (VAS) with 
an external mouse wheel to adjust the scale. The VAS was 
anchored with “”no pain” and ”worst pain imaginable” at 
0 cm and 10 cm, respectively. The signal from the VAS 
was recorded with a sample frequency of 0.5Hz from the 
beginning of infusion and continued until the pain had 
subsided. Pain scale following infusion of saline was con-
tinuously recorded using an electrical VAS system 
throughout the experiment and subjects were instructed 
to adjust their pain intensity using an external controller 
when it changed. The peak pain intensity (VAS peak) and 
area under the VAS–time curve (VAS area) were extracted.

H/M Ratio (Experiment-A)
Each subject lay on the bed in prone position comfortably 
with the left leg resting on a pillow in a shield room. The 
leg and trunk were fixed with a belt to avoid unexpected 
movement. Recordings were made from the left soleus 
muscle by two surface electrodes (Neuropack MEB- 
2200, Nihon-Koden Co., Tokyo, Japan) with the cathode 
over the motor point of the muscle and the anode about 
3 cm distal from the cathode, on the Achilles tendon. The 
ground electrode was placed between the recording and 
the stimulating electrodes. H-waves and M-waves were 
elicited by stimulating the left tibial nerve at the popliteal 
fossa using a surface bipolar electrode (Neuropack MEB- 
2200, Nihon-Koden Co., Tokyo, Japan) with the cathode 
proximal to the anode. The stimuli were rectangular pulses 
delivered from a stimulator with 1 ms duration of the 
stimuli and at a 0.2Hz frequency. Stimulus intensity was 
increased by 0.2 mA increments until the H-wave max and 
M-wave max amplitudes were determined. At each 

intensity, ten stimuli were delivered with a 5 s interval 
between stimuli. From this data the maximum amplitude 
(peak to peak height of the waves) of the H-wave and the 
M-wave were identified. The H/M ratio was calculated as 
H-wave divided by M-wave×100 and then used for data 
analysis. According to Hopkins et al, reliability of this 
procedure on soleus muscle was good-to-excellent, with 
the interclass correlation coefficient (3,K) of 0.93–0.94.27

Maximal Voluntary Contraction Force and 
Contractile Activity (Experiment-B)
Subjects lay on the bed in supine position with their fore-
foot, knee and trunk strapped with some belts. The max-
imal voluntary contraction (MVC) force of ankle plantar 
flexion muscle was measured by a hand-held dynam-
ometer (μ-tas F1; Anima Co., Tokyo, Japan) applied on 
the left metatarsus of the sole. The subjects were asked to 
perform isometric plantar flexion of their ankle at neutral 
position for 5 seconds. Loud verbal encouragement was 
given during the tests to get the maximal effort and force. 
Three repetitions in each measurement were performed 
with 20 seconds interval. Activation of the calf muscles 
was measured using surface electromyography (EMG) 
(Multi-channel telemetry system WEB-100, Nihon- 
Koden Co., Tokyo, Japan). EMG measurements were con-
ducted on 1) soleus (SOL), 2) lateral gastrocnemius (LG), 
and 3) medial gastrocnemius (MG) muscles in the ipsilat-
eral limb. The positions of electrodes were located as 
follows:28 1) SOL; mid-dorsal line of the leg, a few cen-
timeters distal from where the two heads of the gastrocne-
mius join the Achilles tendon, 2) LG; one third of the line 
between the head of the fibula and the heel, 3) MG; most 
prominent bulge of the muscle. Root mean square (RMS) 
of the amplitude was calculated to evaluate muscle activity 
(SOL, LG and MG) after the tasks. The RMS analysis was 
performed on a 3sec data sample (from 0.5 sec before to 
0.5 sec after the peak MVC).

Intervention (Visually-Assisted Motor 
Imagery)
Prior to the saline infusion, movies of active ankle and 
finger motion of the subjects (moved by themselves as 
much as possible) were recorded using iPad (Apple inc., 
California, USA). Subjects were then asked to perform two 
tasks of motor imagery from the kinesthetic motor imagery. 
The first motor imagery task was active plantar-dorsi flex-
ion of their left ankle and the second one was flexion- 
extension of their left fingers. During interventions, subjects 
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were asked to concentrate on the movie and imagine with-
out actual motion. Each task was continued for 3 minutes 
with repetition of 5 second imagining and 5 second rest.29 

Subjects were requested to imagine with the intensity of 
maximal muscle contraction. To ensure that motor imagery 
did not induce muscle contraction, EMGs during the inter-
vention were recorded. No contamination of muscle con-
traction was observed in all subjects. To familiarize subjects 
with each task, the subjects had a short training session of 
the motor imagery prior to data collection.

Statistical Analysis
Our sample size was determined by referring to a previous 
study that examined H/M ratio in a saline-induced pain 
model. They found 12% decrease of the H/M ratio after 
hypertonic saline injection compared with isotonic saline 
(control), and the difference was statistically significant.11 

Calculation was done according to this difference with 
90% statistical power and an α level of 0.05, it was 
determined that 9 subjects were needed for each group. 
A group size of 10 was chosen to allow for possible 
dropouts.

Normally distributed data were presented as mean and 
standard error of the mean (SEM) and other data as med-
ian and interquartile range [0.25–0.75]. The VAS peak and 
VAS area did not pass the Kolmogorov–Smirnov test for 
normal distribution and were analyzed by the Wilcoxon 
signed rank test. In Experiment-A a mixed-model analysis 
of variance (ANOVA) was performed on H/M ratio using 
the repeated factors of saline type (hypertonic or isotonic) 
and time (Baseline; T0, Pre-intervention; T1, Post- 
intervention; T2 and Recovery; T3) and the independent 
factor of intervention (ankle or finger movies). In 
Experiment-B, a mixed-model ANOVA was performed 
on MVC and RMS using the repeated factors of saline 
type (hypertonic or isotonic) and time (T0, T1, T2 and 
T3). Saline and measurement sequence were set as inde-
pendent factors. The Neuman-Keuls (NK) tests were used 
for post hoc comparisons incorporating correction for the 
multiple comparisons when the ANOVA showed signifi-
cant factors or interactions. All statistical analyses were 
performed with IBM SPSS ver. 25.0 (IBM Co., Armonk, 
NY, USA).

Results
None of the subjects complained about adverse events 
caused by infusion itself during and after the experiment.

Experimental Ankle Pain Intensity
The VAS peak and VAS area were significantly increased 
after hypertonic saline infusions compared with isotonic 
saline (Table 1; Wilcoxon: P<0.01). A representative pain 
course after saline infusion is shown in Figure 3.

H/M Ratio (Experiment-A)
H/M ratio change following isotonic and hypertonic saline 
infusion in Experiment-A is shown in Table 2, Figure 4. 
A significant interaction among saline, time and intervention 
was found on the H/M ratio of Experiment-A (ANOVA: 
F=5.4; P<0.0085). Following hypertonic saline infusion, H/ 
M ratio in T1 demonstrated significant decrease compared with 
T0 (ankle: T1/T0=75.3±2.6%, finger: T1/T0=76.9±3.4%, NK: 
P<0.01, Figure 5). After the imagery using the ankle movie, H/ 
M ratio in T2 was significantly increased compared to T0 (T2/ 
T0=114.7±2.4%, NK; P<0.05 Figure 5A), however this phe-
nomenon was not observed with the finger movie (T2/T0=80.1 
±6.2% Figure 5B). After the experimental pain had diminished 
(T3), H/M ratio was recovered to the baseline level in both 
intervention sessions. Infusion of isotonic saline demonstrated 
no significant change of H/M ratio on T1 and T3 compared 

Table 1 Experimental Ankle Pain Intensity

Isotonic Hypertonic

VAS peak (cm) 0 [0–0.8] 6.7 [2.1–8.4] *
VAS area (cm·sec) 0 [0–161.0] 6175.5 [2010.5–13,935.0]*

Notes: Median (interquartile range, n=10) VAS peak and VAS area following 
isotonic and hypertonic saline infusion. Significantly increased compared with iso-
tonic saline (*Wilcoxon singed rank test: P < 0.01). 
Abbreviation: VAS, visual analog scale.

Figure 3 Example of experimental protocol for a subject. The pain VAS after 
isotonic saline (blue line) and hypertonic saline (red line) infusions are indicated 
respectively. Time 0 sec shows the beginning of saline infusion. 
Abbreviation: VAS, visual analog scale.
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with T0 in both intervention sessions, however, the ankle 
movie intervention, but not the finger movie, significantly 
increased H/M ratio compared with T0 (T2/T0=113.4 ±2.8%, 
NK; P<0.05 Figure 5A).

Maximal Voluntary Contraction Force 
and Contractile Activity (Experiment-B)
A significant interaction between saline and time was found 
in the MVC force (ANOVA: F=14.4; P<0.01), and RMS of 
the amplitude in each muscle (ANOVA: F>4.7; P<0.0071). 
Following hypertonic saline infusion, MVC in T1 demon-
strated significant reduction compared with T0, which 
returned to the baseline level after the experimental pain 
had diminished (T1/T0=61.7±15.1%, T3/T0=95.4±23.4%, 
NK: P<0.001, Figure 6). After the imagery using the ankle 
movie, MVC in T2 was not significantly reversed to the 
baseline level (T2/T0=75.9±4.8%, P<0.05, Figure 6), how-
ever it was improved compared with T1 (T2/T1=123.0 
±3.1%, NK: P<0.05, Figure 6). Similarly, RMS of the 
amplitude in T1 demonstrated significant reduction com-
pared with T0 on the 3 recorded muscles (T1/ 
T0=SOL;54.2±4.5, LG; 63.1±3.4%, MG; 70.4±2.8% NK: 

P<0.01, Figure 7), which were all improved by the ankle 
motion imagery (NK; P<0.05 Figure 7). Infusion of isotonic 
saline demonstrated no significant change of MVC and 
RMS on T1 and T3 compared with baseline (Figure 7), 
however, ankle motion imagery significantly increased 
RMS compared with T0 (T2/T0= SOL;116.3±13.4, LG; 
113.1±9.3%, MG; 121.1±8.4% NK; P<0.05 Figure 7).

Discussion
This was the first study to examine the immediate effect of 
visually-assisted motor imagery on AMI using a saline- 
infusion-induced experimental ankle pain model. The cur-
rent study demonstrated that visually-assisted motor 
imagery improved H/M ratio and maximal voluntary con-
traction force together with muscle contractile activities 
following painful hypertonic saline infusion.

Experimental Continuous Ankle Pain Model
A novel experimental ankle pain model was successfully 
developed in this study. Although previous reports investi-
gated the effect of saline-induced pain on periarticular 
muscle strength and contractile activity, they mainly used 
single-shot injections, which induce a quickly increasing and 
gradually decreasing pain so that duration of constant pain 
state was relatively short.9,10,30–32 In this study, continuous 
saline infusion model was adopted to make the time- 
consuming assessments and interventions more feasible and 
reliable. Similar to an established fat pad infusion of the 
knee,5,33 our ankle model was able to produce a long- 
lasting constant pain state without any adverse events. In 
addition, recording H-waves on soleus muscle has been 
recognized to be much easier and reproducible compared 
with other muscles such as quadriceps in lower limb.27 In 
this regard, the model presented in the current study has the 

Table 2 H/M Ratio for Each Saline Infusion Over Time 
(Experiment-A)

Time Ankle Movie Finger Movie

Isotonic Hypertonic Isotonic Hypertonic

T0 0.35±0.03 0.34±0.03 0.34±0.03 0.36±0.04
T1 0.34±0.03 0.23±0.03 0.33±0.03 0.22±0.03

T2 0.40±0.03 0.35±0.03 0.33±0.02 0.24±0.03

T3 0.33±0.02 0.34±0.03 0.32±0.02 0.35±0.03

Notes: Mean (SEM, n=10) H/M ratio change following isotonic and hypertonic 
saline infusion in Experiment-A. T0: Baseline, T1: Pre-intervention, T2: Post- 
intervention, T3: Recovery.

Figure 4 Example of H-waves obtained from a subject in Experiment-A. Ankle movie was used for visually-assisted motor imagery. T0: Baseline, T1: Pre-intervention, T2: 
Post-intervention, T3: Recovery.
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advantage to make it possible for monitoring pain-associated 
AMI using H/M ratio on the soleus muscle.

Mechanisms of Pain-Associated AMI
Although it has not been fully elucidated, neural inhibition 
seems to contribute greatly to developing pain-associated 

AMI.1 According to animal studies, group III and IV 
nociceptive afferents facilitated Ib inhibitory neurons in 
spinal dorsal horn and consequently reduced muscle 
strength.34,35 In addition, γ-loop dysfunction, namely an 
impairment of Ia afferent firing due to abnormal conditions 
of γ-motor neuron excitability has been suspected to be 
a possible cause of AMI.1

In previous human studies, pain-induced decrease of 
H-wave amplitude was a common finding and interpreted 
as inhibition of spinal anterior horn cell excitability.36–38 

Meanwhile, change of motor evoked potential (MEP) by 
experimental pain was inconsistent between recording 
muscles in upper and lower limbs.32,36 Rice et al men-
tioned that the difference in MEP change might be related 
to the location of pain or the different functional roles of 
the tested muscles working for motor dexterity versus 
locomotion in upper and lower limbs.32 This opinion 
seems plausible since MEP covers entire pathways from 
brain to muscles, and the supraspinal system probably 
works in a more complicated manner, however, there are 
few reports which focused on pain-induced change of 

Figure 5 H/M ratio. Mean (SEM, n=10) H/M ratio after the infusion of hypertonic (open circle) or isotonic saline (black triangle). The data show H/M ratio after motor 
imagery of ankle motion (A) and hand motion (B). Although statistics were performed on raw values of the data, each number is indicated by the rate of change from 
Baseline (T0). Significantly different from T0 (*, NK: P<0.05), and T1 (†, NK: P<0.05). T0: Baseline, T1: Pre-intervention, T2: Post-intervention, T3: Recovery.

Figure 6 Maximal voluntary contraction force Mean (SEM, n=10) MVC after the 
infusion of hypertonic (open circle) or isotonic saline (black triangle). Although 
statistics were performed on raw values of the data, each number is indicated by 
the rate of change from Baseline (T0). Significantly different from T0 (*, NK: 
P<0.05), and T1 (†, NK: P<0.05). T0: Baseline, T1: Pre-intervention, T2: Post- 
intervention, T3: Recovery. 
Abbreviation: MVC, maximal voluntary contraction.

Journal of Pain Research 2021:14                                                                                            submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
291

Dovepress                                                                                                                                                             Oda et al
 

Jo
ur

na
l o

f P
ai

n 
R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
13

0.
22

5.
24

7.
92

 o
n 

13
-F

eb
-2

02
1

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.dovepress.com
http://www.dovepress.com


spinal reflex systems in lower limb muscles11,39 possibly 
because of its technical difficulty to secure recording of 
H-waves. As mentioned previously, our new model 
enables the evaluation of H-waves easily and reproducibly 
during a constant pain state so that the results strengthen 
the importance of alterations in spinal reflex pathways in 
the mechanisms of pain-associated AMI.

Effects of Visually-Assisted Motor 
Imagery on AMI
The current study was the first to report that visually- 
assisted motor imagery significantly improved the inhib-
ited monosynaptic spinal reflex pathway during 
a continuous and constant pain state. Previous studies 
have shown motor imagery increases the excitability of 
monosynaptic spinal reflex pathways, corticospinal excit-
ability and motor related brain region excitability using 
H-wave,21,40 F-wave26 and transcranial magnetic 
stimulation.41,42 According to their discussions and our 
results, plausible effects of motor imagery on neural excit-
ability are activation of motor neuron and motor-related 
brain network.43,44 It has become evident that motor ima-
gery activates brain areas devoted to motor control and 
execution,44,45 and creates a subliminal output,46 which 
goes along the corticospinal track to modulate specific 
spinal pools.25,47 Regarding possible spinal mechanisms, 
Grosprêtre et al used H-reflex conditioning paradigms and 
demonstrated that motor imagery modulated Ia afferent- 
motoneuronal efficacy via altering excitability of the 

presynaptic interneuronal network.25 In the current study, 
visually-assisted motor imagery significantly improved H/ 
M ratio even under the condition of pain-associated AMI, 
which was consistent with these reports.21,25,43,49 In addi-
tion, this study also demonstrated that visually-assisted 
motor imagery increased the H/M ratio during infusion 
of isotonic saline, suggesting that this intervention has 
potentially positive effects for H/M ratio regardless of 
whether it is a painful condition or not.

Interestingly, visually-assisted motor imagery for AMI 
was effective only using the movie associated with painful 
area. Cowley et al21 reported that effect of motor imagery 
on H-wave amplitude was not fully localized to the target 
muscle, but also observed in a remote muscle, which 
seems to be inconsistent with our results. However, the 
authors also mentioned that larger facilitation occurred at 
the target muscle compared with the remote muscle, sug-
gesting that imagined effort, probably synchronized with 
degree of attention or task specificity, was somewhat dif-
ferent between the muscles.21,48 Compared to previous 
reports, our experiments were conducted under continu-
ously very painful conditions, which might provide larger 
difference of motor imagery effects between the primary 
(ankle) and remote (finger) movies.

H/M ratio and contractile activity of calf muscles were 
remarkably reversed to the baseline level by visually-assisted 
motor imagery, while MVC force was not. A plausible expla-
nation is that altering gross muscular output requires more 
effort than neural excitability recovery. Further, previous 
studies using saline-induced-pain demonstrated that reduction 

Figure 7 Contractile activity. Mean (SEM, n=10) RMS after the infusion of hypertonic (open circle) or isotonic saline (black triangle). Although statistics were performed on 
raw values of the data, each number is indicated by the rate of change from Baseline (T0). Significantly different from T0 (*, NK: P<0.05), and T1 (†, NK: P<0.05). T0: 
Baseline, T1: Pre-intervention, T2: Post-intervention, T3: Recovery. 
Abbreviations: RMS, root mean square; SOL, soleus; LG, lateral gastrocnemius; MG, medial gastrocnemius.
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of muscle strength was positively correlated with the experi-
mental pain intensity.9,49 Since visually-assisted motor ima-
gery did not attenuate pain itself, the effects on MVC force 
were not as great as muscle contractile activity. However, the 
force significantly increased compared with the worst AMI 
state (T1), therefore the motor imagery together with pain 
relief treatments should work in clinical settings.

Several other interventions against AMI have already 
been reported in healthy subjects5,39,50–53 and in patients, 
eg, anterior cruciate ligament injury3 and osteoarthritis.54 

In their reports, cryotherapy3,53 and transcutaneous electric 
nerve stimulation39,54 were major interventions and some 
of them were effective for pain associated AMI. These 
interventions may also be a promising approach, but it 
seems less versatile compared with our visually-assisted 
motor imagery because they require more specific phy-
siotherapy using some dedicated devices.

Clinical Relevances
The outcome of this study has two important clinical 
implications. First, experimental acute pain itself greatly 
attenuated monosynaptic spinal reflex, motor unit recruit-
ment, and muscle strength without any anatomical 
abnormalities, which were consistent with previous 
studies.9,55,56 Clinically, this phenomenon may have 
greater impact because it typically occurs in chronic pain 
patients who have been exposed to repeated nociceptive 
inputs on anatomically “non-perfect” (eg, degenerated) 
joints and muscles. In this regard, relieving the nociceptive 
inputs as much as possible during training is a highly 
important task for therapists. Second, visually-assisted 
motor imagery improved the pain-associated AMI. 
Although some patients who worry about cognitive dys-
function should be contraindicated, this novel approach is 
readily available to most musculoskeletal rehabilitation 
patients without any expensive equipment and manpower 
supply. In this regard, long-lasting effects of our interven-
tion should be investigated in future clinical trials. 
Moreover, the results might be of interest to clinicians 
who can use the visually-assisted motor imagery of “tar-
geted painful area” to achieve AMI alleviating effects, but 
future studies are also needed to confirm this hypothesis.

Limitations
The current study has some limitations that should be 
noted. First, number of subjects were relatively small, 
and most of the participants were young healthy men, 
thus, effect of aging and gender difference could not be 

discussed. Second, acute pain was evoked by hypertonic 
saline infusion, which does not always reflect some clin-
ical pain conditions with chronicity, however this approach 
provided essential basic data of AMI purely due to pain 
and its recovery by visually-assisted motor imagery. Third, 
intensity and quality of the motor imagery were not mon-
itored and direct effects on central motor activations were 
not investigated. Fourth, quality of motor imagery was not 
evaluated using objective and subjective measures, which 
might affect the suppression of AMI. However, to mini-
mize the variability, familiarization with the motor ima-
gery was meticulously carried out before the experiment 
and subjects were instructed to concentrate on doing their 
best. Further studies including brain imaging are warranted 
to overcome this topic.

Conclusion
A novel experimental ankle pain model was successfully 
developed which enables the evaluation of AMI during 
a stable pain state. The H/M ratio and MVC force together 
with contractile activities significantly decreased due to 
pain. Visually-assisted motor imagery dramatically 
improved the pain-associated AMI by facilitating mono-
synaptic spinal reflex pathway. The effects were comple-
tely different between the ankle and finger movies, 
indicating that visually-assisted motor imagery of the pain-
ful joint itself would efficiently work for relieving AMI. 
This novel approach possibly shows the potential of 
a novel and versatile approach against AMI for patients 
with musculoskeletal pain.
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