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Abstract.  [Purpose] This study examined the influence of signals from ankle joint afferent fibers on the reflexive 
plantae muscle activity during standing subjects. [Subject] Ten male healthy adults participated in this study. 
[Methods] The subjects stood with their eyes closed on a movable platform that was moved backward. Vibrators 
(about 90 Hz) were applied to the medial and lateral malleolus of both legs. The vibrators were turned off in the 
control condition. In the malleolus vibration (MV) condition, vibration stimulus was applied for one minute before 
the beginning of trials and was continued during the trials (about six minutes). The short (SLR) and medium latency 
reflex (MLR) of the flexor digitorum brevis muscle (FDB) electromyogram (EMG) responses of the left leg during 
the platform translations were measured under the control and MV conditions. [Results] The latencies of the FDB 
SLR and MLR during MV condition were observed to increase significantly in comparison to the control. The 
integration EMG response values (iEMG) of the SLR and MLR significantly decreased during MV condition. 
[Conclusion] Excessive afferent signals from the ankle articular mechanoreceptors may participate in the reduction 
of the reflexive FDB SLR and MLR activities during standing postural perturbation due to changes in the excita-
bility of inhibitory interneurons.
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INTRODUCTION

It has been shown that a sudden toe-up rotation of a 
platform being used for standing elicits two peak electro-
myogram (EMG) responses in stretching of the soleus 
muscle1–4). The first EMG activity is a short latency reflex 
(SLR) mediated by group Ia afferent fibers from the primary 
ending of the muscle spindle, and a medium latency reflex 
(MLR) following SLR occurs as the second EMG activity. 
MLR is caused by transmission via group II afferent fibers 
from muscle spindle secondary terminations to alpha-
motorneurons in the spinal cord2,4). It is known that both 
SLR and MLR contribute to the static and dynamic standing 
stability of humans5,6). In experiments related to the 
postural instability of patients with diabetic or sensory 
neuron disease, who had predominant impairments in the 
structure or function of group I and II afferent fibers, the 
displacements of the center of pressure (CoP) in both static 
and dynamic standing under the eyes closed condition 
increased, and this increase in the CoP displacement was 
related to a delay in the onset and a decrease of SLR and 

MLR EMG activities in the soleus 7,8). It is obvious that the 
SLR and MLR of the soleus are affected by homonymous 
muscle spindles and group I and II afferent fibers, whereas 
the precise effects of the SLR and MLR that occur via 
heteronomous sensory signals are still unclear.

Anatomical and histological studies have identified 
Ruffini and Pacini receptors in the ankle joint capsule, and 
Ruffini and Golgi receptors are reported to be expressed in 
the ankle ligaments of humans9). The diameter of the 
afferent fibers from Golgi receptors (large afferent fibers) is 
similar to group I afferent fibers, and that from Pacini and 
Ruffini receptors (middle afferent fibers) resemble the 
group II afferent fibers originating from the muscle 
spindle10–12). Based on these findings, it can be concluded 
that the reflex EMG burst of leg muscles is influenced not 
only by signals from homonymous group I and II afferent 
fibers but also the articular and cutaneous afferent fibers13). 
It has been assumed that the afferent signals from sensory 
receptors which exist in the ankle joint affect the reflexive 
muscle activity of the lower extremity during human 
standing.
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 Vibratory stimulation of the mechanoreceptor of the 
ankle joint leads to presynaptic and/or disynaptic inhibition 
in the spinal cord because of excessive afferent signals 
flowing into the spinal cord3,14). Consequently, there is an 
increase in the receptor threshold15). It should be possible to 
experimentally examine the delays and decreases of the 
SLR and MLR activities of the leg muscles by applying 
vibration to a leg joint while a healthy human subject is in 
the standing position. In a previous study, the soleus SLR 
and MLR EMG activities and anterior CoP sway during 
posterior perturbation of the feet were examined after 
applying vibration to the ankle joint of healthy subjects. It 
was observed that the arrival time of the maximum anterior 
CoP displacement and soleus MLR EMG activity was 
increased significantly by the vibration, although the 
maximum anterior CoP displacement was not significantly 
different between the vibration and normal conditions16). 
These results suggest that an increase in the reflexive soleus 
activity compensates for the decrease in the reflexive 
plantae muscle activity resulting from the decrease in the 
ground reaction force. However, it is uncertain whether the 
SLR and MLR EMG activities of the plantae muscle are 
influenced by vibration of the ankle joint. The afferent 
fibers from the ankle joint might connect with alpha-
motorneurons of plantae muscles via interneurons more 
than the soleus muscle, though the function of the reflexive 
neural circuit has not been clarified. We hypothesized that 
the SLR and/or MLR EMG activities of the plantae muscle 
during sudden translation of the feet would be decreased by 
the vibration of the ankle mechanoreceptors.

The present study investigated whether the application 
of vibration to the bilateral malleolus would increase the 
ankle articular mechanoreceptor threshold, increase the 
disynaptic inhibition in the spinal cord with the activity of 
ankle afferent fibers, and decrease the excitability of the 
p lantae  muscle  motoneurons  through inhib i tory 
interneurons.

SUBJECTS AND METHODS

The subjects of this study were 10 healthy adults (age 
23–35 years, mean 27.9 years of age), who provided their 
informed consent. The study had the approval of the ethics 
committee of Kyushu University.

The subjects were asked to stand wearing a blindfold 
with their arms by their sides and both feet on a movable 
platform (Equi-test version 8.1, NeuroCom Inc. USA). 
Each foot on the platform was placed according to a 
position calculated based on the subjects’ height. The 
platform was moved by backward translation, which 
induced body anterior tilting. The intensity of the platform 
translation was limited to a distance of 4.6 cm to 6.0 cm 
and the duration time was 400 ms.

Vibrators were fixed to the lateral and medial malleolus 
of both legs by elastic bands in both the control and 
malleolus vibration (MV) conditions. The vibrators 
contained a rectangular eccentric motor embedded in 
plastic, 3 cm wide, 6 cm long and 2 cm high (MCL-1701, 
Alinco Inc. Japan). The frequency of the vibration was 
approximately 90 Hz, using an 80 to 100 Hz bandwidth for 

the vibratory stimulus applied to the mechanore-
ceptors17–20). The vibrators were turned off in the control 
(without vibration) condition. In the MV condition, 
vibration stimulus was applied for one minute before the 
beginning of platform translation and was continued from 
18 to 21 trials (about six minutes). A pressure gauge (Flexi-
Force, A201-100, NITTA Inc. Japan) was placed between 
the skin on the malleolus and vibrator. The vibrator 
produced a peak-to-peak force of approximately 4.0 to 5.0 
N (4.53 ± 0.12 N) during the MV condition3).

Three trials on the platform comprised a single-unit. The 
subject executed a single-unit condition 6 to 7 times without 
rest. In each unit, the interval between each trial was 
automatically and randomly set to vary from 1.5 sec to 2.5 
sec. Each condition was examined randomly and a rest 
period of 5 minutes was provided between the series when 
the subjects adopted a comfortable sitting position. The 
flexor digitorum brevis (FDB) and one of the plantae 
muscles was used as the target  muscles of  EMG 
measurement. EMG responses of FDB to backward 
platform translations were collected under the control and 
MV conditions for each subject.

EMG activity of FDB was recorded using surface 
electrodes that were attached to the sole of the right foot. 
The distance between the electrodes was about 2 cm. The 
EMG signal was amplified (10,000×), band-pass filtered 
(10–500 Hz), and converted from analog-to-digital at a 
sampling rate of 1 kHz. The onset signal of the platform 
translation was synchronously recorded on a personal 
computer. All of the recorded EMG waves were rectified. 
The acquisition periods were 100 ms and 250 ms before 
and after the platform translation onset, respectively.

The latencies of SLR and MLR onsets in FDB were 
measured from the onset of the platform translation. All 
FDB responses of EMG were smoothed (time constant 10 
ms) and the onsets of SLR and MLR in FDB were taken 
when the EMG signal rose above 2 SDs of the mean value 
of the background EMG activity before the beginning of 
platform translation. EMG activities of SLR and MLR in 
FDB were integrated using the average of the rectified and 
filtered EMG traces. In our pilot study, the time of SLR and 
MLR EMG activities in FDB were respectively 30 ms and 
50 ms of the averages (unpublished). The integration values 
(iEMGs) of SLR and MLR in FDB were respectively 
measured in acquisition periods of 30 ms and 50 ms from 
the onset of the response (Fig. 1). The same acquisition 
periods were used to calculate the SLR and MLR iEMGs in 
each single trial. The FDB SLR, MLR and background 
iEMGs of each subject were normalized with respect to 
recorded EMG activity during maximal voluntary isometric 
contraction (MVIC) of the FDB before comparing the 
control and MV conditions of all subjects. The anteropos-
terior CoP displacement was also measured 100 ms before 
the platform translation onset to ensure that the leg position 
at the beginning of the measurement was the same position 
between the control and MV conditions. The displacement 
of anteroposterior CoP was recorded by a personal 
computer synchronously with the EMG of FDB at a 
sampling rate of 1 kHz, in addition to sampling FDB EMG. 
The EMG activity of MVIC was measured for 5 sec. The 
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EMG activity of MVIC during the middle 3 sec, from 1 sec 
the beginning of measurement, was adopted.

The paired t-test was used to compare the background 
CoP and EMG activity, latency of the FDB SLR and MLR 
onset and the iEMGs between the control and the MV 
conditions. Differences in P values of less than 0.05 were 
considered to be statistically significant (p<0.05).

RESULTS

Table 1 shows the background CoP displacements and 
iEMGs, the FDB SLR and MLR latencies and the iEMGs 
under the control and MV conditions. No significant differ-
ences were observed in the mean values of the background 
CoPs and iEMGs between the control and the MV condi-
tions. Both the onsets of the FDB SLR and MLR EMG 
activities in the MV conditions were significantly delayed 
in comparison to the control condition (p<0.05). 
Furthermore, the FDB SLR and MLR iEMGs under the MV 

Fig. 1. Measurement of the vibration’s force at the malleolus, CoP displacement and 
rectified FDB EMG

 The upper panel indicates a sample anteroposterior CoP displacement before and 
after platform perturbation of a subject. The middle panel shows the vibration 
pressure at the malleolus. The background CoP displacement value of each 1 ms 
in one trial was extracted. The lower panel shows a sample of the rectified FDB 
EMG during backward platform translation of a subject. The measurement items 
are background FDB iEMG, the latencies of FDB SLR and MLR onsets and 
%MVIC of the SLR and MLR iEMGs. The iEMG indicates integration of 
acquisition period of FDB EMG activity. The %MVIC shows the maximal 
voluntary isometric contraction. CoP and FDB are center of pressure and the 
flexor digitorum brevis muscle, respectively.
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condition were also significantly decreased in comparison 
to the control condition (p<0.05).

DISCUSSION

We examined whether the ankle articular afferent signal 
affects reflexive plantae muscle activity during backward 
perturbation in standing of healthy adults. The application 
of medio-lateral malleolus vibration did not change the 
mean value of the background FDB iEMGs from that of the 
control. Moreover, the mean values of background CoP 
displacements between the conditions were not significantly 
different. These findings indicate that the body was at a 
similar location in both conditions, and that the incline 
angles were the same between the conditions. Therefore, 
the background EMG activity of FDB was not different 
between the control and MV conditions.

The FDB SLR and MLR latencies increased in the MV 
condition. The presence of a significant delay in the onset 
latency during vibration suggests that the group I and II 
afferent fibers from the ankle joint were suppressed by 
excessive activity induced by MV, and that EMG activity of 
FDB was less responsive to the platform-induced muscle 
stretch. This phenomenon suggests that heteronymous 
group I and II afferents may converge on inhibitory 
interneurons, and the excitability threshold of the FDB 
alpha-motorneurons may be increased by disynaptic 
inhibition21,22). In a previous study of animals, it was 
suggested that a threshold increase in the expression of 
Pacini and Ruffini receptors influenced the latency of the 
FDB SLR and MLR because it had been reported that the 
threshold of these mechanoreceptors increased by 60 Hz or 
more when a vibratory stimulus was applied23). The differ-
ences between the control and the MV conditions of the 
mean FDB SLR and MLR latencies were respectively 3.5 
ms and 11.6 ms. This finding indicates that group II 
afferents, the conduction velocity of which is slower than 
group I afferents, may be easily influenced by vibration. 
Therefore, the delay of the FDB MLR with respect to the 
FDB SLR latency under the MV condition may be because 
the conduction velocity of group II afferent fibers is slower 
than group I afferent fibers.

In the MV condition, the FDB SLR and MLR iEMG also 
decreased, in addition to the delay of the FDB SLR and 

MLR latencies. Group I and II afferent fibers can attach to 
the capsule and ankle ligaments10,24), and mechanoreceptors 
in particular (Ruffini, Pacini and Golgi receptors)25). The 
presynaptic inhibition of group I and II afferent fibers may 
occur due to excessive activity of these fibers14). Although 
the presynaptic inhibition has been reported to occur by 
group I  and II  afferent f ibers from homonymous 
muscle26,27), the influences of FDB SLR and MLR activities 
via the afferent fibers from the ankle joint are not known. 
Moreover, the size of the H reflex of the quadriceps muscle 
may be limited by disynaptic inhibition when conditioning 
stimuli are applied to articular afferents in the knee28,29). 
This may explain why FDB SLR and MLR iEMGs were 
decreased in the present study. The excitability threshold of 
the FDB alpha-motorneurons would have been increased by 
excessive signals from the ankle articular afferents 
increasing the excitement of inhibitory interneurons during 
MV condition, and it was thought that thereby decreasing 
FDB SLR and MLR iEMGs. In our previous study, 
performed using the same conditions, we assumed that the 
increase in soleus activity was due to compensation for the 
decrease in the FDB activity because the soleus MLR 
activity and the time to reach maximum CoP displacement 
increased more under MV than under the control 
condition16). Moreover, in our pilot study, the amplitudes of 
the H reflex was significantly decreased and the MLR of 
FDB was significantly delayed in response to Evoked-
Potential (MEB-9404, Nihon-Kohden Inc., Japan) 
whenmalleolus vibration was applied to healthy standing 
subjects compared to the control condition (unpublished). 
These findings suggest that the afferent signals from 
mechanoreceptors of the ankle joint elicited by malleolus 
vibration may affect the reflexive FDB SLR and MLR 
activities more than soleus activity during sudden trans-
lation of the feet. We consider the compensatory increase in 
soleus MLR during backward perturbation is potential 
mechanism for the decrease in SLR and MLR of FDB.

In conclusion, we consider that excessive afferent 
signaling from ankle articular mechanoreceptors leads to 
reduction in FDB SLR and MLR activities and postural 
responses during sudden backward perturbation of the feet.

Table 1. Background CoP displacement and FDB EMG activity, Latencies and Areas of FDB SLR 
and MLR EMGs

 Control condition Malleolus vibration condition t value
Background CoP displacement (cm) 0.012 ± 0.01 0.015 ± 0.03
Background EMG activity (%MVIC) 12.1 ± 11.5 12.6 ± 12.2
Latency of FDB SLR (ms) 77.9 ± 7.2 81.4 ± 10.5 *
Latency of FDB MLR (ms) 127.2 ± 10.6 138.8 ± 10.0  * 
Area of FDB SLR EMG (%MVIC) 48.9 ± 21.3 44.1 ± 27.4 *
Area of FDB MLR EMG (%MVIC) 47.4 ± 20.5 43.5 ± 25.1 *

Values are mean ± standard deviation (SD). CoP: center of pressure, FDB: Flexor Digidorum Brevis muscle, 
SLR: Short Latency Reflex, MLR: Medium Latency Reflex, MVIC: maximal voluntary isometric 
contraction. * Significant difference between the control and malleolus vibration conditions (p<0.05) using 
the parametric t-test.



87

REFERENCES

  1) Nardone A, Grasso M, Giordano A, et al.: Different effect of height on 

latency of leg and foot short- and medium- latency EMG responses to 

perturbation of stance in humans. Neurosci Lett, 1996, 206: 89–92.

  2) Schieppati M, Nardone A, Siliotto R, et al.: Early and late stretch responses 

of human foot muscles induced by perturbation of stance. Exp Brain Res, 

1995, 105: 411–422.

  3) Bove M, Nardone A, Schieppati M: Effects of leg muscle tendon vibration 

on group Ia and group II reflex responses to stance perturbation in humans. 

J Physiol, 2003, 550(Pt 2): 617–630.

  4) Schieppati M, Nardone A: Group II spindle afferent fibers in humans: their 

possible role in the reflex control of stance. Prog Brain Res, 1999, 123: 

461–472.

  5) Peterka RJ, Benolken MS: Role of somatosensory and vestibular cues in 

attenuating visually induced human postural sway. Exp Brain Res, 1995, 

105: 101–110.

  6) Quintern J, Immisch I, Albrecht H, et al.: Influence of visual and proprio-

ceptive afferences on upper limb ataxia in patients with multiple sclerosis. J 

Neurol Sci, 1999, 163: 61–69.

  7) Nardone A, Tarantola J, Miscio G, et al.: Loss of large-diameter spindle 

afferent fibres is not detrimental to the control of body sway during upright 

stance: evidence from neuropathy. Exp Brain Res, 2000, 135: 155–162.

  8) Nardone A, Schieppati M: Group II spindle fibres and afferent control of 

stance. Clues from diabetic neuropathy. Clin Neurophysiol, 2004, 115: 

779–789.

  9) Konradsen L, Ravn JB, Sørensen AI: Proprioception at the ankle. The effect 

of anaesthetic blockade of ligament receptors. J Bone Joint Surg, 1993, 

75-B: 433–436.

10) Freeman MA, Wyke B: The innervation of the ankle joint. An anatomical 

and histological study in the cat. Acta Anat (Basel), 1967a, 68: 321–333.

11) Greenstein J, Kavanagh P, Rowe MJ: Phase coherence in vibration-induced 

responses of tactile fibres associated with Pacinian corpuscle receptors in 

the cat. J Physiol, 1987, 386: 263–275.

12) Inami K, Chiba K, Toyama Y: Determination of reference intervals for 

vibratory perception thresholds of the lower extremities in normal subjects. 

J Orthop Sci, 2005, 10: 291–297.

13) Burke D, Gandevia SC, McKeon B: Monosynaptic and oligosynaptic contri-

butions to human ankle jerk and H-reflex. J Neurophysiol, 1984, 52: 

435–448.

14) Hagbarth KE, Wallin G, Löfstedt L: Muscle spindle responses to stretch in 

normal and spastic subjects. Scand J Rehabil Med, 1973, 5: 156–159.

15) Noda K, Umeda F, Asou N, et al.: Correlation of peripheral nerve fatigue 

following vibratory stimulation with hyperglycemia in diabetic patients. 

Diabetes Res Clin Pract, 1994, 25: 27–33.

16) Sakita M, Takasugi S, Kumagai S: Effects of ankle joint and crural muscle 

vibrations on standing postural control with eyes-closed inferred from 

maximum displacements of center of gravity and center of pressure. 

Rigakuryoho Kagaku, 2009, 24: 347–352. (in Japanese)

17) Hatzitaki V, Pavlou M, Bronstein AM: The integration of multiple proprio-

ceptive information: effect of ankle tendon vibration on postural responses 

to platform tilt. Exp Brain Res, 2004, 154: 345–354.

18) Deshpande N, Metter EJ, Ling S, et al.: Physiological correlates of 

age-related decline in vibrotactile sensitivity. Neurobiol Aging, 2008, 29: 

765–773.

19) Allum JH, Mauritz KH, Vögele H: The mechanical effectiveness of short 

latency reflexes in human triceps surae muscles revealed by ischaemia and 

vibration. Exp Brain Res, 1982, 48: 153–156.

20) Courtine G, De Nunzio AM, Schmid M, et al.: Stance- and locomotion-

dependent processing of vibration-induced proprioceptive inflow from 

multiple muscles in humans. J Neurophysiol, 2007, 97: 772–779.

21) Jankowska E: Interneuronal relay in spinal pathways from proprioceptors. 

Prog Neurobiol, 1992, 38: 335–378.

22) Marchand-Pauvert V, Nicolas G, Burke D, et al.: Suppression of the H reflex 

in humans by disynaptic autogenetic inhibitory pathways activated by the 

test volley. J Physiol, 2002, 542(Pt 3): 963–976.

23) Bensmaïa SJ, Leung YY, Hsiao SS, et al.: Vibratory adaptation of cutaneous 

mechanoreceptive afferents. J Neurophysiol, 2005, 94: 3023–3036.

24) Freeman MA, Wyke B: Articular reflexes at the ankle joint: an electromyo-

graphic study of normal and abnormal influences of ankle-joint 

mechanoreceptors upon reflex activity in the leg muscles. Br J Surg, 1976b, 

54: 990–1001.

25) Freeman MA, Wyke B: The innervation of the knee joint. An anatomical 

and histological study in the cat. J Anat, 1967c, 101(Pt 3): 505–532.

26) Hultborn H, Illert M, Nielsen J, et al.: On the mechanism of the post-

activation depression of the H-reflex in human subjects. Exp Brain Res, 

1996, 108: 450–462.

27) Wood SA, Gregory JE, Proske U: The influence of muscle spindle discharge 

on the human H reflex and the monosynaptic reflex in the cat. J Physiol, 

1996, 497: 279–290.

28) Pierrot-Deseilligny E, Morin C, Bergego C, et al.: Pattern of group I fibre 

projections from ankle flexor and extensor muscles in man. Exp Brain Res, 

1981, 42: 337–350.

29) Hultborn H, Meunier S, Morin C, et al.: Assessing changes in presynaptic 

inhibition of Ia fibres: a study in man and the cat. J Physiol, 1987, 389: 

729–756.


