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Motivation

Studies of motor unit (MU) firing behavior have reported varying degrees

of “common drive”, or correlated firings, when muscles are activated in a

synergistic or antagonistic manner [1]. However, these studies are limited

to voluntary isometric contractions. Little is known on how the central

nervous system coordinates the activation of muscle synergists during

unconstrained and dynamic functional tasks of normal daily activities.

Methods - Analysis

We used the dEMG System (Delsys Inc., Natick, MA) to non-invasively

record sEMG signals during upper limb movement activities. sEMG

signals were decomposed into the constituent MU action potentials

(MUAPs) and their firing instances [2].
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For each contraction cycle,

we calculated:

1. the MU mean firing

rates;

2. the MU peak firing rates;

3. the MUAP amplitude;

4. the cross-correlation

between MU firing rates

and output movement/

force.

Objective

Investigate the firing behavior of MUs in muscle synergists of the upper

limb during cyclic dynamic movements.

Methods - Acquisition

Subjects

3 males 3 females (40 ± 16 yo)

Muscles

Extensor digitorum, flexor digitorum

profundus, pronator teres, biceps

brachii

Activities

Finger flexion/extension, forearm

pronation/supination, object grasping

Recordings

sEMG signals (dEMG, Delsys Inc.),

finger force, joint angle, wrist inertial

measurement (TrignoTM, Delsys Inc.)

During the movement task, the inverse relation between MU firing rate and 

MUAP amplitude [3] shows that MU contribution is higher when muscles act 

in synergy with the output movement.

High positive/negative correlation indicates muscles act as agonist/antagonists 

to the output task [1].

Conclusions

� MUs from different muscles maintain a relatively high degree of

correlation across all activities with varying latency.

� When muscles act in synergy, such as during object grasping - they are

positively correlated with the output movement at approx. zero time lag.

� When muscles act as antagonists, such as during finger flexion/extension -

they are negatively correlated with varying degrees of co-activation.
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During the force task, the inverse relation between MU firing rate and MUAP 

amplitude [3] shows high MU contribution throughout the output task, 

particularly from the lower-amplitude MUs.

High positive correlation at approx. zero time lag indicates muscles act in 

synergy to the output force [1].

[3] De Luca & Erim. Trends Neurosci,

1994.

In accordance to the Common Drive property, MU firing rates are highly correlated with the output task and one another. 

In accordance to the Onion Skin property, MU firing rates are inversely related to MUAP amplitude

Results - Finger Flexion/Extension Results - Object Grasp

Time (s)
34 36 38 40 42 44 46

Avg CC: -0.9+/-0.04
Avg CC: 0.85+/-0.09

Extension
Flexion

M
U

-A
n

g
le

 C
ro

ss
-C

o
rr

0

1

-1

Avg CC: 0.89+/-0.09
Avg CC: -0.91+/-0.02

Time (s)
34 36 38 40 42 44 46

Extensor Digitorum Flexor Digitorum

y = -14.14x + 2.03

0.02 0.04 0.06 0.08 0.10 0.16

y = -242.61x + 41.84

0.12 0.14

20

40

0

y = -116.03x + 31.63

0 0.05 0.1 0.15 0.2 0.25 0.3

y = -49.99x + 10.36

Extensor Digitorum Flexor Digitorum

M
U

 F
ir

in
g

 R
a

te
s 

(p
p

s)

MUAP amplitude (mV) MUAP amplitude (mV)

y = -31.05x + 22.42

0 0.1 0.2 0.3 0.4 0.6

y = -47.80x + 22.42

0.5

20

40

0

y = -116.03x + 31.63

0.02 0.06 0.1 0.14 0.18 0.22

y = -82.18x + 21.53

Extensor Digitorum Flexor Digitorum

M
U

 F
ir

in
g

 R
a

te
s 

(p
p

s)

MUAP amplitude (mV) MUAP amplitude (mV)

Extension
Flexion

Time (s)
32 34 36 38 40 42 44

Avg CC: 0.88+/-0.06
Avg CC: 0.87+/-0.09

M
U

-F
o

rc
e

 C
ro

ss
-C

o
rr

0

1

-1

Avg CC: 0.91+/-0.04
Avg CC: 0.88+/-0.08

Time (s)
32 34 36 38 40 42 44

Extensor Digitorum Flexor Digitorum

Release
Grasp

Release
Grasp

MU Firing Trains

F
le

xo
r 

D
ig

it
o

ru
m

E
x

te
n

so
r 

D
ig

it
o

ru
m

33 34 35 36 37 38 39
Time (s)

MU #
14

13

12

11

10

9

8

7

6

5

4

3

2

1

9

8

7

6

5

4

3

2

1

MU Mean Firing Rates

33 34 35 36 37 38 39
Time (s)

M
U

 M
e

a
n

 F
ir

in
g

 R
a

te
s 

(p
p

s)

0

30

0

30

G
o

n
io

m
3

rd
D

ig
it

 (
d

e
g

)

-100

0

50

-50

-150

0
0.3

-0.3

E
M

G
 (

m
V

)

0
0.3

-0.3

E
M

G
 (

m
V

)

MU Firing Trains

32 33 34 35 36 37
Time (s)

MU Mean Firing Rates

31 32 33 34 35 36 37
Time (s)

M
U

 M
e

a
n

 F
ir

in
g

 R
a

te
s 

(p
p

s)

0

30

0

30

T
h

u
m

b
 F

o
rc

e
(N

)

10

30

40

20

0

0
0.6

-0.6

E
M

G
 (

m
V

)

0
0.6

-0.6

E
M

G
 (

m
V

)

MU #
35
34
33
31
29
27
25
23
21
19
17
15
13
11
9
7
5
3
1

33
31
29
27
25
23
21
19
17
15
13
11
9
7
5
3
1


