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1  I N T R O D U C T I O N  

The DeTOP project goal to provide myoelectric control using implanted epimysial electrodes, provides the rationale 
for obtaining intramuscular EMG (iEMG) signals (such as [1-4]). For this purpose, our intention was to acquire 
intramuscular EMG data using similar technique targeting appropriate muscles in the forearm. As the data recording 
includes healthy volunteers, the most suitable procedure is based on the fine-wire electrodes that provides pain-
free interface with relatively good resistance to muscle movement (as in [5]). The choice of the targeted muscles has 
been made in accordance with the trans-radial amputee user scenario. potential muscle targets in the forearm 
include: the pronator teres (PT), supinator (SUP), flexor carpi radialis (FCR), extensor carpi radialis longus (ECRL), 
flexor digitorum profundus (FDP) and extensor digitorum communis (EDC).The measurement was performed using 
a custom-made isometric force device. Comprising of nine force sensors based on strain gauge, it has been designed 
to measure isometric forces/torques produced by fingers and wrist during the execution of experimental protocol.  

The measurement sessions were initiated in accordance to the WP4.1 plan, but due to unforeseen technical 
difficulties that we encountered (more on this in the next section), the database currently contains recordings on 
two subjects. With most of the technical problems resolved in previous period, there should be no further obstacle 
in completing the iEMG database. 

With the succeeding fine-wire recordings, the database will be gradually extended and made available for the 
partners in order to develop and test control algorithms intended for multifunctional prosthetic hand (such as [6-
8]).  
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2  A  DA TA BA SE  O F  I E MG  A N D  A SS O CI A T E D  S I G NA LS  

2 . 1  M A T E R I A L S  A N D  M E T H O D S  

2.1.1 Fine-wire electrodes 

For the fine-wire measurement task we have purchased Spes Medica S.r.l electrodes with 0.5x50 mm needle and 10 
cm wires (fig. 1). 

 

 

Fig. 1 Spes Medica S.r.l fine-wire electrodes. 

 

Due to technical difficulties related to fine-wire electrodes up to now, two healthy subjects participated in the iEMG 
measurement. The main technical obstacle encountered in the execution of this task were faulty fine-wire electrodes 
that we purchased.  

The first batch of electrodes that was purchased from the Spes Medica S.r.l. had a manufacturing defect, in particular 
it was discovered that the syringe inner radius was fractionally smaller than required for unobstructed sliding of 
wires. This defect resulted in wires removal from the muscle while extracting the carrier needle.  

The second manufacturing defect that was observed in the following batch of electrodes was uninsulated ends of 
the wires. The ends of the wires are barely visible to the naked eye making it visual inspection of the insulation. We 
used a microscope to verify whether the insulation was removed or not. The verification was done on the used 
electrodes (after the clinical trial), and also on the new electrodes from the same batch. When present, this defect 
prevented obtaining of the EMG signal, and resulted in the failed measurements.  

Both of these issues were reported to the manufacturer and acknowledged by the representatives. 

As the alternative, we also purchased Chalgren fine-wire electrodes (fig. 2).  
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Fig. 2 Chalgren fine-wire electrodes. 
 

In order to evaluate the mechanical properties of the fine-wire electrodes batches, but also to estimate the 
impedance and expected signal to noise ratio, we developed an experimental setup. The core of the setup was the 
ballistic gel with the mechanical and electrical properties of the muscle tissue (conductivity of approximately 0.1 
S/m). To achieve this, we iteratively derived optimal proportion of gelatine, NaCl salt and water until the goal was 
reached. 

Using the model, we conducted the following measurements: 

- qualitative estimation of wires mechanical fixations to the “muscle” tissue (Sticking/Not Sticking); 

- impedance between wires and between wires and the neutral electrode; 

- signal to noise ratio.  

 

 

Fig. 3 Mechanical testing of the fine-wires. The figure shows the needle with wires inserted in the gel. 

 

The mechanical testing of fine wire electrodes consisted of the needle insertion following the recommendation from 
the Kinesiological Fine Wire EMG: A practical introduction to fine wire EMG applications [9]. The needle was inserted 
at approximately 30 degrees, followed by the slow removal (fig. 3). The expected outcome of this procedure was the 
wires firmly attached to the ballistic gel. Otherwise, the evaluation of the mechanical properties was considered as 
the fail. Examples of Sticking and Non Sticking wire batches are available here: 

https://www.dropbox.com/s/tpb4j40t2m8bgc9/Sticking.mp4?dl=0 
https://www.dropbox.com/s/txijniw6he9d9ri/Non%20Sticking.mp4?dl=0   

https://www.dropbox.com/s/tpb4j40t2m8bgc9/Sticking.mp4?dl=0
https://www.dropbox.com/s/txijniw6he9d9ri/Non%20Sticking.mp4?dl=0
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After the successful insertion, we have measured the impedance between wires, and between wires and the large 
neutral contact. The measurement was done using RLC meter over the wide range of frequencies (1 Hz – 10 kHz). 
Over the frequency range we measured the impedance modulus and phase. This measurement provided us insight 
regarding the fine-wire electrodes electrical impedance, which in our setup was in the range of MΩ. Specifically, this 
information was useful in terms of high impedance warning by the clinical EMG device (measures electrode 
impedance up to 180 kΩ and in the case of higher value it gives warning message). Following the described electrode 
impedance estimation, we ignored this warning during the electrode setup.  

The final measurement included additional stimulation electrodes positioned at the ends of the ballistic gel and 
connected to the signal generator (fig. 4). Using this setup, we simulated the muscle depolarisation while measuring 
the potentials using the fine-wires.  

 

Fig. 4 Setup for measuring signal-to-noise ratio. Blue and red banana connectors are attached to the signal 
generator and fine-wire electrode to the oscilloscope. 

2.1.2 Isometric force/torque measurement 

The main aim of the force/torque measurement apparatus is to gather data of individual joint torques during the 
execution of predefined movements. The rationale for choosing isometric setup is to simulate muscle behaviour in 
trans-radial amputees and also, to limit muscle displacement that could impact mechanical stability of the inserted 
fine-wire electrodes.  The apparatus was designed in order to constrain the hand joints in a neutral posture 
approximately in the middle of the Range of Motion of the joints (see fig. 5). This biomechanically favoured position 
enables generating relatively large forces for both flexion and extension of individual joints. 
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Fig. 5 Isometric torque mesurement apparatus. Drawing (top), the developed device (middle) and hand position 
inside the device (bottom). 

  

The apparatus is highly customizable in order to accommodate different hand sizes. By changing finger braces (parts 
6, 11, 12, 13 and 14 from the drawing in fig 5.) and their fixing points, each finger can be tightly positioned individually 
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(we made the set of finger braces with different circumferences and finger flexion angles) and the wrist brace can 
be also adjusted to firmly fix the wrist articulation in a desired position. The  device  is equipped with nine force 
sensors based on strain gauges (Strain Measurement Devices, Bury St Edmunds, U.K.); one per each finger, two for 
the thumb and three for the wrist. The sensors output are conditioned 0-5 V analogue voltage proportional to the 
exerted force in the range ±100 N. 

2.1.3 Software 

The acquisition and recording software was designed satisfying the following main requirements: 

- To produce voltage pulses for synchronization of EMG and isometric torque; 

- to provide visual cue with feedback to the user; 

- to record all sensors outputs including synchronization pulses. 

 

The custom software was developed in LabVIEW programming language (program front panel is shown in fig. 6). 

 

Fig. 6 Software for synchronization, feedback and recording. Figure shows sinusoidal cue that the subject should 
track with the torque of the specific joint. 

 

The recorded data was later processed in order to synchronize two data files (one from the EMG recording device 
and one from our software) using synchronization pulses, and to remove 50 Hz noise with its harmonics.  

2.1.4 Measurement Protocol 

The experimental protocol for the iEMG measurement was defined in collaboration with the group Essex which 
involved and interested in the use of the high density surface EMG (HDsEMG). The main goal of both of these 
protocols was to record both simple movements and synergetic hand movements (e.g. grasps) in order to derive 
appropriate control strategy suitable for multifunctional prosthetic hand. 

Regarding the iEMG data recordings, the electrodes were positioned by the clinical specialist at the Skanes University 
Hospital. The electrode positioning was conducted in accordance with relevant electromyography guidelines [10, 
11].  
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Fig. 7 Measurement setup at the Skanes University Hospital: Force/torque measurement apparatus (orange), A/D 
NI-6218 card (dark blue), signal conditioning for strain gauges (green), visual cue and measurement flow control 

(light blue), connector board for the clinical EMG amplifier (red). 

 

The NI-USB 6218 card from the National Instruments in this setup serves as acquisition device and as the 
synchronization device through analogue output. It acquires signals from force sensors with sampling frequency of 
200 Hz and generates voltage pulses that are sent to EMG device (Amplitude 10 mV, Frequency 0.5 Hz, Duration 100 
ms). 

In the isometric torque setup for the basic movements protocol included maximal voluntary contraction (MVC) of 
individual joints degrees of freedom and torque tracking tasks. In the case of tracking tasks, the subject was asked 
to produce torque that matches cue presented on the screen (see fig. 6). As the cues, we selected sinusoidal and 
square waveforms to estimate gradual force increase and response to abrupt command. The clinical protocol 
checklist is following:   

 

To do checklist: 
1. Position Force Measurement Device (FMD) 

2. Connect FMD, A/D card, power supply and Laptop 

3. Test FMD + LabView App 

4. Connect A/D to Nicolet 

5. Test Synch 

6. Position Fine-wire electrodes. 

7. Test EMG 
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8. Position hand inside FMD 

Measurement protocol: 
1. Index finger: flexion-extension: 

1.1. MVC 2 s flexion 

1.2. MVC 2 s extension 

1.3. Repeated flexion-extension with short pause in between 

1.4. Repeated flexion-extension without short pause in between 

2. Middle finger: flexion-extension: 

2.1. MVC 2 s flexion 

2.2. MVC 2 s extension 

2.3. Repeated flexion-extension with short pause in between 

2.4. Repeated flexion-extension without short pause in between 

3. Ring finger: flexion-extension: 

3.1. MVC 2 s flexion 

3.2. MVC 2 s extension 

3.3. Repeated flexion-extension with short pause in between 

3.4. Repeated flexion-extension without short pause in between 

4. Small finger: flexion-extension: 

4.1. MVC 2 s flexion 

4.2. MVC 2 s extension 

4.3. Repeated flexion-extension with short pause in between 

4.4. Repeated flexion-extension without short pause in between 

5. Thumb: flexion-extension: 

5.1. MVC 2 s flexion 

5.2. MVC 2 s extension 

5.3. Repeated flexion-extension with short pause in between 

5.4. Repeated flexion-extension without short pause in between 

6. Thumb: abduction-adduction: 

6.1. MVC 2 s abduction 

6.2. MVC 2 s adduction 

6.3. Repeated abduction-adduction with short pause in between 

6.4. Repeated abduction-adduction without short pause in between 

7. Wrist: flexion-extension: 

7.1. MVC 2 s flexion 

7.2. MVC 2 s extension 

7.3. Repeated flexion-extension with short pause in between 

7.4. Repeated flexion-extension without short pause in between 

8. Wrist: pronation-supination: 

8.1. MVC 2 s pronation 

8.2. MVC 2 s supination 

8.3. Repeated pronation-supination with short pause in between 

8.4. Repeated pronation-supination without short pause in between 

 
9. All fingers flexion (without thumb) – 4 repetitions, each 2 s 
10. All fingers extension – 4 repetitions, each 2 s 
11. Palmar grasp – 4 repetitions, each 2 s 
12. Pronation followed with the Palmar grasp – 4 repetitions 
13. Pointing: index-ext, all-flex 
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14. “Touch little finger” – 4 repetitions, each 2 s 
15. “Touch ring finger” – 4 repetitions, each 2 s 
16. “Touch middle finger” – 4 repetitions, each 2 s 
17. “Touch index finger” – 4 repetitions, each 2 s 
18. 3-digit pinch– 4 repetitions 
19. 3-digit pinch with pronation – 4 repetitions 
20. Key grasp followed with pronation – 4 repetitions 

2.1.5 Subjects 

Up to now, two subjects with no neuromuscular disorders participated in the iEMG measurement protocol. For both 
of them, four iEMG channels were measured: FCR, ECR, FDP and EDC (fig. 8). The complete protocol per subject 
lasted approximately 2 hours (including equipment setup, fine-wire electrodes positioning and in the case of low 
signal to noise ratio repositioning of electrodes), with the measurement protocol lasting 20 minutes. 

 

 

 

Fig. 8 Clinical protocol. Figure shows positioning of the fine-wire electrodes at the position of the FDP (red marker). 
EDC electrode is positioned at the dorsal side of the forearm and stabilized by the adhesive tape (green marker). 

2 . 2  R E S U L T S  

Results associated with the Deliverable 4.1 are in form of the iEMG database which is preliminary available at the 
following link. The final version of the database will be published following the instructions reported within the 
deliverable D1.2 “Data Management Plan”. The database is formatted as the collection of Matlab (.mat) files. Each 
file is a structure containing information regarding channels, sampling rate and recorded data. Sample recording is 
shown in figure 9. 

 

https://www.dropbox.com/sh/lu8561f44rbdllt/AABB8GpLzcBXCdwjjnT6KhD4a?dl=0.
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Fig. 9 Sample of recorded data. Starting from top to bottom: 1. Label of recording stage 2. iEMG – FDP 3. iEMG – 
FCR 4. iEMG – EDC 5. iEMG – ECR 6-14 Strain gauges’ outputs 

 

The quality of recorded signals could be inspected in the sample from the Subject 2 iEMG-FDP channel (fig. 10). The 
clear indicator of high selectivity of fine-wire recording is that recorded signal captures individual action potentials 
of muscle units. 

 

Fig. 10 Sample of recorded iEMG signals. It could be noted that EMG activity recorded by fine-wire electrodes 
consists of individual fibres’ activations.    

 



 

D4.1 – A DATABASE OF IEMG AND ASSOCIATED SIGNALS 

 

Leader partner: ULUND Page 13 of 14 

 

3  D I S C U S S I O N  

The task of gathering iEMG data as the Deliverable 4.1 is ongoing activity. As the initial step the whole experimental 
setup was developed including isometric torque apparatus and synchronization/recording software. With the 
technical difficulties related to the manufacturing defects of the fine-wire electrodes the start of the clinical trials 
was delayed for a couple of months until new electrodes were purchased.  

Having made successful measurements on two subjects, no further obstacles are envisioned on extending the 
database until projected number of subjects is reached. Taking into account the plan to extend iEMG measurement 
with simultaneous high density EMG recording (according to WP4.2 and D4.4) we expect to finish iEMG database by 
the end of July 2017. 
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