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SAFETY

The STIMULATOR CS4+/CS8 has only been designed for teaching and research. It
is not intended for clinical or critical life-care use and should never be used for
these purposes. The STIMULATOR CS4+/CS8 should not be used to prevent,
diagnose, cure, treat, or alleviate disease, injury, or handicap.

A caution

e DO NOT OPEN THE UNIT; THE INTERNAL ELECTRONICS POSE A RISK OF ELECTRIC SHOCK.

e DO NOT USE THIS APPARATUS NEAR WATER.

e TO REDUCE THE RISK OF FIRE OR ELECTRIC SHOCK, DO NOT EXPOSE THIS APPARATUS
TO RAIN OR MOISTURE.

e OBJECTS FILLED WITH LIQUIDS SHOULD NOT BE PLACED ON THE APPARATUS.

e DO NOT BLOCK ANY VENTILATION OPENINGS. INSTALL IN ACCORDANCE WITH THE
MANUFACTURER’S INSTRUCTIONS.

e DO NOT INSTALL NEAR ANY HEAT SOURCES SUCH AS RADIATORS, HEAT REGISTERS,
STOVES, OR OTHER EQUIPMENT OR DEVICES THAT PRODUCE HEAT.

e ONLY USE ATTACHMENTS AND ACCESSORIES SPECIFIED BY THE MANUFACTURER.

e UNPLUG THIS APPARATUS DURING LIGHTNING STORMS OR WHEN UNUSED FOR LONG
PERIODS.

e BE ADVISED THAT DIFFERENT OPERATING VOLTAGES REQUIRE THE USE OF DIFFERENT
TYPES OF LINE CORD AND ATTACHMENT PLUGS. CHECK THE VOLTAGE IN YOUR AREA
AND USE THE CORRECT TYPE. SEE THE TABLE BELOW:

Voltage Line plug according to standard

110- 125V UL81 and CSA C22.2 No. 42

220 - 230V CEE 7 page VII, SR section 107-2-D1/IEC 83, page C4

240V BS 1363 of 1984. Specification for 13A fused plugs and
switched and unswitched socket outlets.

Protect the power cord from being walked on or pinched, particularly at power plugs

and the point where they connect to the apparatus.

Refer all servicing to qualified service personnel. Servicing is required when the apparatus
has been damaged in any way, such as the power-supply cord or plug is damaged, liquid
has spilled onto or objects have fallen into the apparatus, the apparatus has been exposed
to rain or moisture, does not operate normally, or has been dropped.
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EC DECLARATION OF CONFORMITY

DMT A/S
Certify and declare that the following apparatus:

STIMULATOR — MODEL CS4+/CS8
Restrictive use: Only for laboratory use.

Manufactured by:
DMT A/S

Rho 14

DK-8382 Hinnerup

Denmark

Conforms with the essential requirements of the EMC Directive
2014/30/EU.

Based on the following specifications applied:

EN 61326-1:2013

EN 61326-2-3:2013

And with the LVD Directive 2014/35/EU.

Based on the following specifications applied by:
EN 61010-1:2010

EN 61010-2-030:2010

EN 61010-2-201:2013

General warnings regarding EMC:

Do not use this device near sources of intense electromagnetic radiation
(e.g., unshielded intentional RF sources), as these may interfere with the
proper operation.
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UNPACKING THE CS STIMULATOR

Take a few minutes to carefully inspect your new STIMULATOR CS4+/CS8 for damage that
may have occurred during handling and shipping. If you suspect any damage, please get
in touch with DMT immediately, and the matter will be pursued as soon as possible. If the

packing material appears damaged, please retain it until a potential claim has been settled.

We recommend storing the packing material for any possible future transport of the
STIMULATOR CS4+/CS8. Please contact DMT for advice and packing instructions if

transportation and the original packing material are unavailable.
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CHAPTER 1 - SYSTEM OVERVIEW

1.1 CS4+ STIMULATOR: FRONT PANEL

Figure 1.1 Stimulator CS4+ front panel.

STIMULATOR: REAR PANEL

Power ON/OFF Switch Input and Output Trigger

i i '
Grounding- - - ! i USB Connection to
Power cord  computer

Figure 1.2 Stimulator CS4+ rear panel.
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1.2 CS8 STIMULATOR: FRONTPANEL

Figure 1.3 Stimulator CS8 front panel.

CS8 STIMULATOR: REAR PANEL

Input and Output Trigger

Power ON/OFF Switch

1
:
' ! USB
1
1

Grounding connection to
computer
Power cord Figure 1.4 Stimulator CS8 rear panel.
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Users of the DMT 840MD MyoDYNAMICS Muscle strip myograph and a CS4+ and CS8 stimulator will
get Trigger Cables (figure 1.5) with their orders. The Trigger cable will connect the 840MD Trigger
ports with the CS4+ or CS8 Trigger IN/OUT ports, making it possible for the 840MD to trigger a
stimulation protocol or for the CS4+/CS8 to trigger the motors on the 840MD chamber to start.

Figure 1.5 Trigger Cable connecting CS4+/CS8 and 840MD system.
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CHAPTER 2 - SETTING UP

2.1 GETTING STARTED

The following steps involve getting started with the Stimulator.

Power ON/OFF Switch Input and Output Trigger

USB connection to

i
Lo
Grounding :
I

computer
Power cord connection Figure 2.1 Set up and connections.

+ Connect the supplied 48-volt power converter to the Stimulator Power cord plug and click Power
Switch 'ON' on the rear panel.

+ Connect the Stimulator to the computer with the supplied USB cable.

+ Follow the supplied Quick Installation Guide for the MyoPULSE stimulator software (Appendix B).

+  Start the MyoPULSE Software on the computer.

+ Optional: Using the supplied Trigger cables, users of 840MD MyoDYNAMICS myographs connect
it to the CS4+/CS8 stimulator.
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CHAPTER 3 - Definition of Pulse-Trains-Groups
parameters within MyoPULSE

The CS4+ or the CS8 Stimulator can only operate using the MyoPULSE Software. The function of the
MyoPULSE Software is to set all the pulse parameters and upload this to the CS4+ and CS8
Stimulators.

The different terms used in this manual are shown below in figures 3.1 and 3.2.

Pulse width
e
I Pulse voltage Uni Polar Pulse

Pulse interval

-+
Pulse width
-+

Pulse voltage Bipolar Pulse

Pulse interval
-

Figure 3.1
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CHAPTER 4 - MyoPULSE USER INTERFACE

4.1 Main View

@ rome rrowecos hep
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channals chuenels chueesls  Tngges s PDF

[P —

[ NP —

L3 Chanest 3 | 08T ot prtcet

[ NP —

Fie Senp Relstonshg Export
B

Chaceal 1

Chanesl 4

Figure 4.1. MyoPULSE Main User Interface.

Figure 4.1 shows the user interface of MyoPULSE connected to the CS4+ Stimulator.
If the Stimulator hasn't been switched 'Off," MyoPULSE will start with the same stimulation protocol
used last time, as shown in figure 4.1.

The MyoPU

LSE program is the user interface for the CS4+ and CS8 Stimulator.

4.1.1 MAIN MENUS

Home

@ Home Frotocols Help

Startall Pause a
channels channels channels

=

Openall Save all
channels channels

Contral File

Figure 4.2. M!
simultaneous.

MyaPULSE
z
Configure Input ~ Force-Valtage Single pulse Export protocol  Stimulator protocols Stimulator status
Triggers o0 PDF
Setup Relationship Expart Views
yoPULSE Control menu —Start, Pause, and Stop of stimulation protocols in all channels
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Control

Start all channels
It starts all the channels where the output switch is ON, and the protocol type is "Train.”

Pause all channels
Pauses all the channels started. Stopped channels are not affected. Paused channels can either be

started again or stopped.

Stop all channels
Stops all channels.

File
MyoPULSE - [w] x
o Home Protocols Help @ ) simpitfied Ribbon
Startall Pause al obn SBH € ﬁ%\ _rdummv“]JWL Jslf 2 z 1 Svm'lulﬁlmr%mh sti |C\’\ tat
Figure 4.3. MyoPULSE File menu — Open stimulator protocols (".pls file format) for all four or eight
channels simultaneously and Save stimulator protocols.
Open all channels
Open and upload protocols to all channels on the CS4+ or CS8 Stimulator with protocols saved in the
*.pls file. Only the file format *.pls can be opened.
Save all channels
Saves uploaded protocol in all channels into a single file (*.pls file format), which can load later with
"Open all channels." Different single-channel protocols (*.plc) uploaded to other channels in the CS4+
and CS8 Stimulator will be saved into a single *.pls file for later use.
Setup
- 0 x

MyoPULSE
@ ) Simplified Ribbon

0 Home Frotocols  Help
g IS
=z M b) i = @
Start all e a 2l Openall Saveall | Configureinput | Force-Voltage Single puise  Export protocol  Stimulator protocols  Stimulator status

channels channels channels | Triggers 0 PDF

Relationship Export

Figure 4.4. MyoPULSE Setup menu — Setup of the Trigger function. Define Master Trigger.

Configure input Triggers
For the CS4+ Stimulator, there is one Master Trigger placed on Channel 1, controlling the trigger in

channels 2, 3, and 4. The CS8 stimulator has two Master Triggers: one at Channel 1, able to control
channels 2, 3, and 4, and a Master Trigger at Channel 5, controlling the trigger of channels 6, 7, and 8.
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Input trigger on Channel 1 is 2 master trigger

D Input trigger 2 =

D Input trigger 4

Cancel oK

= . ) —c Configure Input Triggers
Configure Input Triggers b
Input trigger on Channel 1 is a master trigger

Input trigger 2

Input trigger 3

: Input trigger 4
Input trigger 3 e Input trigger on Channel 5 is a master trigger

Input trigger 6

a Input trigger 7

[ input trigger 8

Figure 4.5A: Configure Master Trigger on the CS4+ Stimulator.

4.5B. Configure Master Trigger on the CS8 Stimulator.

By selecting, e.g., Channel 1 as an input trigger, it is possible to select the channels controlled by the

Master Trigger in Channel 1.

In Figure A, Channel 1 is selected as the Master Trigger, and by selecting Input trigger 3, the Input
trigger received in Channel 1 (Master Trigger) will also trigger channel 3 but not channel 2 and 4.

Relationship

MyoPULSE
@ Home Protocols Help

OB Y il L & MW @

Startall Pause 2 B Openall Savesll  Configure Input | Force-Voltage Single pulse

Export protocol  Stimulator protocols Stimulator status
channeis channels channels  Triggers

1o PDF

Cantral File Setup Relationship

Figure 4.6 Force-Voltage Relationship menu.

Force-Voltage Relationship

Figure 4.7 control window.
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The Force-Voltage Relationship is used to find the optimum Pulse Voltage needed to be applied to a
muscle to produce a maximum muscle contraction. This is done by performing a Single Pulse voltage"
Twitch" by increasing the voltage in user-defined increments to determine the voltage corresponding to
the maximum contraction of the muscle. In the Force-Voltage relationship menu, the 'Channel,' 'Pulse
Voltage,' 'Pulse Width," and 'Increment Voltage' can be selected and set to an appropriate value.

Channel Channel 1

Pulse Voltage 5.0 A

Pulse Width 5.0 ms

Increment Voltage 1.0 V
- +

Figure 4.8 Force-Voltage relationship example.

In figure 4.8 the values entered results so that Chamber 1 will get a single pulse of 5.0V for 5.0msec
when the "+" icon is pressed, and the next time the "+" icon is pressed, the muscle will get a 6.0V single
pulse for 5.0msec and 7.0V when then "+" icon is pressed for the third time. By looking at the Force trace
in the data acquisition software, the user can increase the voltage by pressing the "+" icon until the max
force no longer increases. The "-" icon will decrease the voltage applied to the muscle by the value
entered in the Increment Voltage box.

NOTE: IT IS IMPORTANT NOT TO ENTER A TOO SMALL OR TOO LARGE VALUE IN THE
INCREMENT VOLTAGE. A TOO SMALL VALUE WILL LEAD TO A LOT OF SINGLE STIMULI
BEFORE REACHING THE MAX CONTRACTION FORCE AND YOU DO NOT WANT TO 'BURN
OUT' YOUR MUSCLE BEFORE THE REAL EXPERIMENT. A TOO LARGE VALUE COULD MEAN
THAT YOU OVERSHOOT THE VOLTAGE FOR MAX CONTRACTION. TOO HIGH OF A STARTING
VOLTAGE WILL DAMAGE THE MUSCLE.

Single pulse

MyoPULSE - 0 x

o Home Protocols Help @ ) Simplified Ribbon

q x
oM™ Ol | | & @
Sartall Pauseal a Openall Ssveall  Configure Input  Force-Voltage Single pulse Export protocol  Stimulator protocols Stimulator status.
channels channels Triggers 0 PDF

Cantrel File Sewp Relationship

Figure 4.9A Single pulse menu used for twitch stimulus.
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©

Export protesel  Stmulator protocols Sumulater status
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(] Channet 1

Channz!

Pulss Voltage ' v

Pulse Widih 1

Figure 4.9B Single pulse menu is to setup twitch stimulus.

The Single pulse feature is used for the twitch stimulus of the mounted tissue. The Single pulse stimulus can

be sent to all channels or specific channels of interest.

Channel 1 Channel 1

Channel 2 D Channel 2
Channel Channel

Channel 3 | Channel 3

Channel 4 (] Channel 4
Pulse Voltage 1.0 \" Pulse Voltage 1,0 "
Pulse Width 10 ms Pulse Width 10 ms

Send Single Pulse Send Single Pulse

- o0 x

") Simplified Risbon

Figure 4.10A-B Single pulse settings menu.

In the two examples of the Single Pulse Settings menu, Channel 1 and Channels 1 & 3 are selected,
respectively (figure 4.10A-B. The Pulse voltage is set to 1.0V, and the Pulse width is 10msec. When the
'Send Single Pulse' button is pressed, the single pulse is executed in the selected channels.

The Pulse Voltage is set between 0.1-80V for the CS4+ stimulator and between 0.1 — 31V for the CS8
stimulator.

The Pulse Width is set between 0.1 — 25msec.
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Export

MyaPULSE
@ Home Protocols Help

Qe -
> G B Yl - MW @
Start all e sl Openall Saveall Configurs Input  Force-Voltage Singlepulse | Expart protocal | Stimulstor protocols Stimulator status

channels § channels channels  Triggers 10 PDF

Conteal File Relat Expar

Figure 4.11 Export the settings of protocols from all channels to a PDF file.

Export protocol to PDF

Exports all the settings of the protocols on all channels to a PDF file. In figure 4.12, an example of the

exported settings is shown.

Stimulator Protocol

Channel 1

Type: Train Pulse
Groups:

Total time: 0 secs.
Group 1

Pulse shape: Bipolar
Pulse _voltage: 0oV
Pulse width: 00ms
Pulse interval: 00ms
Pulse frequency: oo Hz
Train pulses

Pulse count in each train: 0
Total train time: 00ms
Pause between pulse frains: 0ms
Train group

Pulse train(s) in group: 0
Repeat group: i}
Pause between train groups: 0ms
Calculated time: 0 secs.
Pause before start of nexi group: 0ms
Digital in settings

Start channel manually

Delay before start: 0ms
Digital out settings

Digital out not used

Initial delay: 0ms

Figure 4.12 Export Protocols to PDF example.

MyoPULSE
@ Home Protocols Help
Qe il A IINH
’ b 31:’ ﬂlllljh ("\D
Start al e 2l Openall Saveall Configure Input  Force-Voitage Singlepulse  Export protocol | Stimulator protocols Stimulator status
channels channals channels  Triggers 10 PDF

Figure 4.13 Views menu contains the Stimulator protocols and the Stimulator Status submenu.
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Stimulator protocols

MyoPULSE = =} 4
° Home Protocols  Help @ ) simplified Ribbon
Q- " A
Start all Openall Saveall  Configurelinput Force-Voltage Singlepuise  Export protocol | Stimulator protocols [ Stimulator status
channels channels channels  Triggers 10 POF
ontrol File Setup Relstionship Export Views

Stimulator protocols  rh-testSiplc  rh-testé plc
X channel 1 | rh-tests.plc

] >

Channel 1

L8 Channel 2 | rivtestepic

1 >

X Channel 3 | h-tests.pic

1} >

Channel 2

2R Chamnet 4 | st

] |

Channel 3

Channel 4

Figure 4.14 Views menu — Stimulation Protocols: A graphical view of the protocols uploaded to the Stimulator.

Stimulator status

MyGPULSE - 0 x
° Home Protocals Help @ ) simplified Ribbon
> = W @
/= H ol 1 = [e]
Start all Openall Saveall  Configure Input Force-Voltage Single pulse Expert protocol  Stimulator protocals | Stimulator status
channels channels channels  Triggers 0
Control File Setup Relstionship Export

Stimulator protocols  rhotestS.ple  thetesthple
L2 Channel 1| rhteste plc

] »

Channel 1

LF Charnet 2 | rtesitipic
Channel 2

| T L T T T T 1 T T A T O ]
£ Channel 3 | rhetests.pic Channel 3
] >

Channel 4

T e e O R O O e L O NI O I T N I I I L]

LX Channel 4 | rhrtesté.pic

1] >

File name  Status Type Outputswitch Triggerin Trigger Out Voltage status  Ow
> rthtestbplc Nopulse Train (2] = =] = O
thetest6plc  Mopulse Train (2] = =] = O
rh-testiplc Mo pulse Train [~ = ) (= @
rh-testfplc Mo pulse Train [~ = =] = C

Figure 4.15 Views menu — Stimulator Status: Shows the present status of the individual channels.
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Press "Stimulator status” to show a grid with info about the current status of the Stimulator.

The following columns are shown:

File name e Shows the name of the loaded file in the channel or "DMT Test
protocol" if no protocol is loaded
Status e Pulse status
e No pulse
e Pause
e Single
e Continue
e Train
Type e Pulse type
e Single
e Continue
e Train
Output switch If an Output switch is in the OFF position, starting a stimulation protocol
for the given channel is impossible. Therefore, the user must turn the
appropriate/right switches to ON before starting a stimulation protocol.
Trigger In Trigger In can be either Low or High (Low equals 0V and High
equals>6V).
Trigger Out Trigger out can be either Low or High (Low equals 0V, and High is equal
to >6V).
Voltage status OK/Failed
Overload status OK/Failed

Protocols Menu
The protocols menu contains functionality relevant to creating and uploading stimulator protocols.

Protocol

gy Home| Protocols |Help

DB & X | LILIL WAL

New Open  Save Export to PDF Upload to Single pulse  Continuing pulse Train pulse
stimulator

Single Channel Protocol Export Stimulator Pulse type

Figure 4.16 New Protocol: To create a new single channel stimulation protocol.

New

New creates a new single-channel protocol (*.plc). A default configuration protocol is opened and can
then be modified to the protocols defined by the user (see below) and then saved under a given name on
the computer (see below). The single-channel protocol can be uploaded to the stimulator channels of
interest (see below).
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The default configuration is one group with the following settings:

Pulse shape

Voltage

Pulse width

Pulse interval

Pulse frequency

Pulse count in each train
Pause between pulse trains
Pulse train(s) in group
Repeat group

Pause between train groups
Pause before start of next group

Single Channel Protocol

@ o rooch o |
Il 2 e
Lo —
New Open  Save Exportta PDF  Uploadto  Singlepuise  Continuing pulse  Train pulse
stimulator
Protocol | Single Channel Protocol Export Stimulator Pulse type

Bipolar
iov
20ms
60ms
12.5Hz
6
500ms
3
5
2.0 seconds
8.0 seconds

MyaPULSE

Figure 4.17 Single Channel Protocol — Open and Save.

Open
Open a single channel protocol (file format *.plc) saved on the computer. Several protocols can be

opened simultaneously and shown in different fans (Red box in figure 4.18.). The active fan will show the
settings of the given protocol (blue box in figure 4.18.)

- B8 x

@ ) Simplified Ribbon

MyoPULSE =
° Home Protocols  Help @ ) Simplified
O & 5 % s
= —
New Open  Save ExporttoPDF  Uploadto  Single pulse  Continuing puise | Train pulse
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Protocal  Single Channel Protoco Eport Stimulator Pulse type
I Stimulator protocols  rh-testé.plc _rh-tests.plc
X channel 1 | DT test protocal
2] ] >
Pulses
u aipola Bipolar Bipola o Bivola
K8 chanael 2 | DHT tact protoce! ou oV i v oV
ol 1ms ims 1ms 1m
[ | 1 > b an o g e Peen frequancys 5w
Train pulses Train pulses
pui in each traini . s s Suise count in each train .
T 5t m 27 ms. 25 m. Total trin time: 21 s
X Channel 3 | OMT test protocel o Soama 300 m S50 ms. Fauze batsen pule trainzs 300 ms.
Tr Train group
= 1 > o 3 ) 3 Puise tr » 3
e s H s Rupeat H
Paus 203, 20s 202 Pacze batween tram groves 201,
ca 13.765 5. cutate i2.4ias Cakculated 13.3%0 Calculmad & 13315
L8 Channal 4 | OMT tet protocel Pause bafore star of next group: 8.0 Passe befors start of next group: 8.0+ Faute bafors start of naxt groupi 8.0 Pause befors start of next group: .02,
- n & Total running time 21.765 s. Total running time 21.414 s, Total running time 21.390 s. Total running time 13.315 s,

Figure 4.18 Loading multiple stimulation protocols- Settings of active protocol.
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Save

After modifying a single-channel protocol, it can be saved to the computer for later use. Saves a single
channel protocol to file (*.plc).

Export
yoruse I
@ Home Protocols Help @ ) simplified Ribbon
ND orD Eﬂ B IJ;I PDF + JS-I—\ CJ_I_I_L”_ J]IJI.MUII]I.
Figure 4.19 Export to PDF. Use to export the settings of a single channel protocol to a pdf file as documentation.
Export to PDF
Creates a PDF file with the settings of the single channel protocol shown (active fan). Figure 4.18 will be
the rh-test5 protocol exported to a PDF file. This feature is for saving the settings of a given protocol as
documentation.
Stimulator
MyoPULSE - [w] E
@ Home Protocols Help @ ) Simpiified Ribbon

(I~ RS A I
o —

New Open  Save Export to PDF | Uploadto | ~ Singlepulse  Continuing pulse  Tran pulse
stimulator

otecal  Single Channel Protocel Expart Stimulator Pulsz type

Figure 4.20 Upload of single-channel protocol to the Stimulator.

Upload to Stimulator

Upload a single-channel protocol (*.plc) to one or more channels on the Stimulator. The protocol will be
identical on all chosen channels. Select the fan (if several protocols are open) and press Upload to
Stimulator. Select the channels to be uploaded with the single-channel protocol (figure 4.21)

Upload x
rh-test5

D All channels

Channel 1

D Channel 2

Channel 3

D Channel 4

Uplead Cancel

Figure 4.21 Upload to Stimulator. The rh-test5 Protocol will be uploaded to Channel 1 and 3.
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After uploading to the Stimulator, the Single Channel protocol file names will be shown in the left pane of
MyoPULSE (figure 4.22 red box).

MyoPULSE
@ Home Protocols Help
O 6O & t
—
New Open  Save Exportto PDF  Upload to Single pulse  Continuing pulse |  Train pulse
stimulator
Protocel  Single Channel Protocol Export Stimulator Pulse type
Stimulator protocols | rh-testSplc  rh-test6.plc
XX Channel 1 | rh-tests.plc
Pulses Pulses Pulses Pulses
Pulse shape: Bipolar Pulse shape: Bipolar Pulse shape Bipolar Pulse shape: Bipolar
£X channel 2 | DMT test protocal Pulse voltage: 10y Pulse voltage: oV Pulss voltage: 10V Sistioney 20V

n »

XX Channel 3 | rh-testS.plc

] >

XX Channel 4 | DU test protocol

] »>

Pulse width: 1ms

Pulse interval: 9 ms
Pulse fraquency: 100 Hz
Train pulses

Pulse count in each train: 6

Total train time: 51 ms.
Pause between pulse trains: 500 ms.
Train group

Pulse train(s) in group: 3
Repeat group: H

Pause between train groups: 20
Calculated time: 13.765 s.

Pause before start of next group: 8.0 5.

Total running time 21.765 s.

“« 4+ M x>

Pulse width: ims

Pulse interval 5.7 ms
Pulse frequency: 150 Hz
Train pulses

Pulse count in each train: 5

Total train time: 27 ms.
Pause between pulse trains: 500 ms.
Train group

Pulse train(s) in group: 3
Repeat group: 5
Pause betueen train groups: 20
Calculated time: 13.414 5.

Pause before start of next group:  8.05.

Total running time 21.414 s.

«+ 03>

Bulse width: ims

Pulse interval 4 ms
Pulse frequency: 200 Hz
Train pulses

Pulse count in each train: 6

Total train time: 26 ms.
Pause betvieen pulse trains: 500 ms.
Train group

Pulse train(s) in group: 3
Repeat group: s
Pause betwieen train groups: 20s.
Calculated time: 13.390 s.

Pause before start of next group:  8.0s.

Total running time 21.390 s.

4+ 0T 8>

Pulse width: 1ms
Pulse interval
Pulse frequency:

Train pulses

Pulse count in each train: 3
Total train time: 21 ms.

3ms
250 Hz

Pause between pulse trains: 500 ms.
Train group

Pulse train(s) in group: 3

Repeat group: H

Pause between train groups: 2.0s.
Calculated time: 13.315s.

Pause before start of next group:  8.0'5.

Total running time 13.315 s.

«+m %>

Figure 4.22 In the left pane (red box), the uploaded protocols' names are shown for each channel.

Pulse type

o Home Protocols Help

0D B &

New Open  Save Export to PDF

Brotscal | Single Channél Protocol Export

1

Upload ta
stimulator

Stimulator

Single pulse  Continuing pulse Train pulse

Puise type

MyoPULSE

- 0 x

@ ) Simplified Ribbon

Select the pulse type in the "Protocols" menu. If you shift from one pulse type to another, the following
message will show:

Confirm

@ Are you sure you want to change pulse type 7

Cancel

After selecting the pulse type and modifying the protocol parameters, the summary is shown in figure 4.23.
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Figure 4.23 Selection of Single Pulse, Continuous Pulse, and Train Pulse will open the protocol settings menu.

Use "Upload to stimulator” to transfer the protocol to the Stimulator.

Help

@ Home Protocols Help

About Software Light mode Dark mode
update check

About Theme

Figure 4.24 The Help menu.

About ®

About

About x

MyoPULSE 3, version|3.0.15.0
Copyright (C) 2022 Danish Myo Technology
License

Change license

MyoPULSE is protected by copyright law and international treaties.
Unauthorized reproduction or distribution of this program or parts of it, may result in severe
civil and criminal penalties, and will be prosecuted to the extent possible under the law.

Check server at startup for software updates

Close

Figure 4.25 The About submenu.

The About submenu contains the Change License and Settings for automatic update of MyoPULSE.
Press "Change license" to change the license.
"Check the DMT update server at startup for software updates."

This box enables the MyoPULSE program to check the DMT update server when the program initializes. A

notification is shown if a new update is available, and it is possible to update the program. (see Appendix B
for more information.)
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The About submenu also shows the MyoPULSE version number installed (figure 4.25 red box). If you have a
problem with MyoPULSE remember to give the version number to your DMT sales representative to make
support fast and efficient.

Theme

MyoPULSE - 0 x

ols Help (@ ) simplified Ribbon

MyoPULSE supports two different color themes. "Light" and "Dark" mode.

Light mode

MyoPU 8 x
o Home Protocals Help @ ) Simplified Ribbon
About Software Dark mode
pdate check

Figure 4.26 Light mode.

Dark mode

MycPULSE

Figure 4.26 Dark mode.

Left Pane Menu. Channel status and channel commands

© o oo 1 B merere
D gon 2, o JJLL
T
—
- Y 1 1 A
A Connal | £ bt i
A Connmal 4| £ bt i
Figure 4.2
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Channels with the output switch turned ON (enabled for use) are shown with a slightly darker background
color, and the "start" button is enabled.

¢ Channel 1 | DMT test protocol ﬂ Channel 2 | DMT test protocol

>

Figure 4.28 Channel with output switch on. Figure 4.29 Channel with output switch off.

¢ Channel 3 || rh-testS.plc

>

Figure 4.30 The name of a protocol loaded to a given channel is shown (red box).

Q Double-click to open a loaded protocol configuration for the given channel.

Stop running a given protocol
Pause a given protocol

o= Start a loaded protocol
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Stimulator Protocols (right side of the main view)

[ Y ———
0 &

nnnnnnn

| M S | S— T | S — WS U W U U |

Figure 4.31 Stimulator Protocol overview (red box).

Stimulator protocols (figure 4.31) show the protocols currently loaded on the Stimulator in all available
channels.

Channel 2 in figure 4.31 is a "Continuing pulse" type with a bipolar pulse shape.

The other channels are "Train pulse" with bipolar shape (the default "DMT test protocol" — the protocol
that is available on the Stimulator when turned on)

The protocol shown for a channel is complete with trains, pauses, and all groups.

The stimulator protocols window is always available and cannot be closed.

CHAPTER 5 - MyoPULSE Protocol Configuration

Stimulation protocol configuration

Select the desired pulse type (figure 5.1)

o Home Protocols Help
0D B L

MNew Open  Save Exportto PDF  Upload to Single pulse  Continuing pulse  Train pulse
stimulator

Protocol  Single Channel Protocol Export Stimulator Pulse type

Figure 5.1 Select Pulse Type.
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Go to the Protocols Menu and select New Protocol

Gy Home Protocols Help

O|& B8 & *

—
New Open  Save Export to PDF Uplead to Single pulse  Continuing pulse Train pulse
stimulator

Protocal  [Single Channel Protocol Export Stimulator Pulse type

Figure 5.2 Select New Protocol.

The following examples are for making a Train Pulse Stimulation Protocol. A Train Pulse Protocol consists of
at least one group and up to 30 different Groups.

MyoPULSE - 8 x
@ ) simplined Ribbon

. Home Protocols Help

D o® & &2 N (U (MKW
B 1

New Open  Save Export to POF Upload to Single pulse  Continuing pulse Tr iise
stimulator

Protocol  Single Channel Protocol Export Sumulato

Stimulator protocels New protocal

XX Chanaal 1 | DMT st rotoces
] il >
LX Chanael 2 | DMT test peotocei St
20m
" > LS
XX Channel 3 | DT tast prstoce! E;;“
n > 3
3o
5 G 4| ot b sl Saue bae v 800
" > Total running time 19.300 s.
S o >

£

Figure 5.3 New Protocol configuration for Train Pulse (red box).

The protocol window is divided into two (figure 5.3). The top part (red box) is where the protocol is created,
and the bottom part (blue box) is a schematic preview of the protocol.

Protocol diagram functions

A stimulation protocol can contain several different Groups with different parameters and pauses. It is always
a good idea to have a sketch of the protocol the users would like to configure. Below is the description of

functions connected to a Group (figure 5.4 red box).
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Pulses

Pulse shape: Bipolar

Pulse shape: 0V

Pulse width: 20ms

Pulse interval: 60 ms

Pulse frequency: 12.5 Hz
Train pulses

Pulse count in each train: 6

Total train time: 420 ms.

Pause between pulse trains: 500 ms.
Train group

Pulse train(s) in group: 3

Repeat group: S

Pause between train groups: 2.0s.

Calculated time: 19.300 s.

Pause before start of next group: 8.0 s.

Total running time 27.300 s.

«+ 03>

Figure 5.4 Group.

Protocols are default created by individual groups.

Actions for a Group

Move group left is to move groups around and arrange them in another
order. This function moved the selected group one step to the left.

Add a new group. There can be a maximum of 30 groups. The new group is
identical to the one copied from and can be modified as needed.

Delete group.

Change settings for the group.

Move the group right, move groups around, and arrange them in another
order. This function moved the selected group one step to the right.

v+ 4
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Group settings

Pulses
Pulse Width
-
A A
Voltage
iqi i Pulse Interval Bipolar
Pulses Train Digital settings
Pulse shape Bipolar v — Ovolt
Voltage 10 A
Pulse width 20.0 ms
Pulse interval 60.0 ms
Pulse frequency 12.5 Hz
Pulse frequency v
Figure 5.5 New Protocol group settings — Pulses.
Pulse shape
Set the pulse shape to:
Bipolar The first single stimulus will be positive, and MyoPULSE will

remember that the next single pulse if repeated, will be a
negative voltage pulse.

Positive Monopolar Single positive voltage pulse

Negative Monopolar  Single negative voltage pulse

Voltage

Pulse voltage of the single pulse. Set the voltage between 0 and 80V for the CS4+ and 0 and 31V for the
CS8 stimulator.

Pulse width
Duration of a pulse in milliseconds. Values can be from 0.1 to 25 milliseconds.

Pulse interval
Time before next pulse in milliseconds.

Pulse frequency
The number of pulses pr. second (Hz).

Danish Myo Technology A/S | Tel.: +45 87411100 | Email: support@dmt.dk | Web: www.dmt.dk



Table 1 lists the maximum ‘Pulse voltage' entered for different 'Pulse width' times.

Max Pulse Voltage (volt) | Max Pulse Voltage (volt) Pulse width (msec) CS8 Max Volt/ cm CS4+ Max Volt/ cm
Cs8 CS4+ (840MD/820MO) (840MD/820MO)
24 45 0.1-25 30 56.25
28 60 0.1-15 35 75
30 70 0.1-5 37.5 87.5
31 80 0.1-1 38.75 100

Table 1: The Scheme shows the maximum Pulse voltage possible corresponding to the different ranges of Pulse widths. In the Max
Volt/cm column, the values are displayed for the NFS coverlids for the Muscle Strip Myograph System-840MD and the Muscle Strip
Myograph System 820MO (electrode distance is 0.8 cm.

12 Pulses in Train repeated 5 times

Pause between Pulses
- P"‘Sam'"s . B .. Pulse shape: Bipolar
A Pulse voltage: 10V
Pulse width: 1ims
L @ Pulse interval: 9 ms
J' Pulse Voltage Pulse frequency: 99.9 Hz
Train pulses

@ Pulse count in each train: 12
O Total train time: 111 ms,

@ Pause between pulse trains: 500 ms.
Train group
@ pulse train(s) in group: 5
@ Repeat group: 3
@ Pause between train groups: 2.0s.
Pause between Calculated time: 11.666 s.
7 train Groups Pause before start @ Pause before start of next group: 8.0s.

A
v

Total running time 11.666 s.

“«+ 70>

Pause before
start of
next Group

i 1T

Fu\seTralns in Train Group 2 Train Group 3
R Gmup 3x repeated 6x repeated
e B
Group 1 Group 2 Group 3
Repeat Group Repeat Group Repeat Group

Group 1 repeated three times, Group 2 repeated two times and Group 3 repeated two
times. The Pause before the start of the next Group [green arrow) and how many times a
group is repeated are defined individually. The color dots indicate the definitions of the
different settings parameter

Figure 5.6 Definitions of pulses and pauses.
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Configuring train pulses

Pulse count in each train - Enter the number of pulses wanted in a train.
OR
Total train time — Enter how long a train should last in milliseconds.

NOTE: SELECT EITHER PULSE COUNT IN EACH TRAIN OR
TOTAL TRAIN TIME. DEPENDING ON WHICH IS SELECTED, THE
PARAMETER WILL CHANGE ACCORDING TO THE ENTERED
VALUE.

Configuring train group

Pulse train(s) in group Enter the number of trains in one group.

Repeat group Enter how many times a group should run.
The value 1 means a group will run one time

Pulses | Train Digital settings
Train pulses
Pulse count in each train 12
Total train time m
Pause between pulse trains 500

Train group

Pulse train(s) in group 3

Repeat group 5
Pause between train groups 2.000
Calculated time 14665

Pause before start of next group 8000

ms

ms

~ o times

ms

ms

and not repeated. To run a group twice, enter

the value 2, which will be repeated once.

Pause between train Enter the pause time in milliseconds between

groups the groups

Calculated time Based on all the entered values, MyoPULSE calculates the total running time shown in the

format hh:mm: ss (hours:minute: seconds)

Pause between start of next group Enter pause time in milliseconds before starting the next group

(Group different from this)

Digital settings

The Digital Input Settings define when the Stimulator should start the
stimulation protocol. In MyoPULSE, four different settings are possible
for starting the stimulation protocol.

Digital IN settings

Pulses Train Digital settings

Digital IN settings

Start group manually

Start group when digital input is high
Start group when digital input is low
Delay before start 0 ~ ms

Digital OUT settings

Digital QUT not used

Set digital OUT to high after initial delay

Set digital OUT to low after initial delay

Initial delay a - ms

Start group manually Use "start all channels" or start a specific channel by clicking on
the Start icon for the given channel.

Start group when digital input is high  The CS4+ and CS8 stimulators will not start the stimulation
protocol before receiving a high-voltage (between 6 and 24V)

trigger input.

Start group when digital input is low The CS4+ and CS8 stimulators will not start the stimulation
protocol before receiving a low-voltage trigger input (0V).

Delay before start Enter the delay in milliseconds before the stimulation protocol
starts after receiving the trigger.
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Digital OUT settings

The Digital Output Setting is used to send a trigger signal to an external unit, e.g., the DMT 840MD
MyoDynamics Muscle Strip Myograph System - to trigger the start of the motors.

In MyoPULSE there are four options available:

Digital out not used No trigger is sent.

Set digital out to high after initial delay A high-volt trigger is sent (OV).

Set digital out to low after initial delay A low-volt trigger is sent (6V).

Initial delay Enter the delay in milliseconds before the trigger is sent. If a

Digital Output trigger is chosen with a delay, enter the delay
of interest in the Initial delay field in milliseconds.

How to trigger an 840MD Motor protocol from the CS4+/CS8 and vice versa.

Trigger an 840MD motor protocol from the DMT CS4+/CS8 stimulator.

o In MyoPULSE set the Digital OUT settings to Set the digital OUT to High after Initial
delay
o Inthe 840MD motor protocol, select the command SET DIG: IN OFF

The CS stimulator will send a start trigger to the 840MD motor protocol.
Trigger a DMT CS4+/CS8 stimulator protocol from the 840MD system.

o Inthe 840MD motor protocol, select the command SET DIG: OUT ON
o In MyoPULSE set the Digital IN settings to Start Group when digital Input is Low

The 840MD motor protocol will send a start trigger to the CS4+/CS8 stimulator protocol.

Protocol preview

The preview shows the entire protocol with pauses.

yorisse -8 o=

[ = i =
o G e tpenmes g

8 o1 | o s

no»

PP P
n

P pe—
n
8t 4| o s
n

Figure 5.7. Protocol Preview is shown in the bottom pane (Blue box).
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CHAPTER 6 - EXPERIMENTAL SETUP

STARTING STIMULATION PROTOCOL

The CS4+ and CS8 stimulators have each channel's ON/OFF output switches.

ON/OFF
Switch for the
given channels Figure 6.1 CS4+ Stimulator - ON/OFF switch.

Figure 6.2 CS8 Stimulator - ON/OFF switch.

If an Output switch is in the OFF position, e.g., for '3', starting a stimulation protocol for
that channel on the MyoPULSE (channel 3) is impossible. Therefore, it is very important
that the user turns the appropriate switches in the ON position corresponding to those
Channel numbers being operated on the MyoPULSE. In the status window, the status
of the Output switch is shown as encircled in figure 4.15.
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Before the CS4+ and CS8 stimulators can start a stimulation protocol, you must
prepare the Stimulator.

1. Make sure the output switches are in the correct position.
2. Upload a stimulation protocol to the appropriate channels. To verify that the correct

protocol has been uploaded to the given channel of the Stimulator, double-click on
the protocol name (red box in the figure below), and the protocol will be shown.

LX Channel 1 | rhtests.plc Stimulator protocols  rh-testS.plc  th-test6.plc  rh-testS.ple

]| >
P
o Bipol
X Channel 2 | rh-tests.plc o - e
b = A
11 > Train pulses
fis % e,
Pa 500 ms.
LX Channel 3 | DMT test protocol T
Pu 3
e H
]| > Caledated et " i
Pause befors start of next groups 8.0 5.
Total running time 21.765 s. Total running time 21.414 s, Total running time 21.390 s. Total running time 13.315 s,
X Channel 4 | OMT test protocol
=2 «ct+ T d> | «+lx> «+0a>| «+@ 5>

3. Start all channels by pressing Start All Channel in the Home menu.

@ Home Protocols Help

Pause all  Stop all
channels channels channels

Control

or start a single channel by pressing the Start button in the left pane of the given
channel.

X Channel 1 | OMT test protacol

] >
LR Channel 2 | OMT test protacol
] >
AX Channel 3 | DNT test protacol
] >
XX Channel 4 | DNT test protocol
] >

When the start button is activated, a moving progress line will be shown (figure 6.3).
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Figure 6.3 Progress lines of the given protocol will show after a protocol has started.

The stimulation protocol stops automatically when the protocol ends, but a running stimulation protocol
can be stopped or paused if needed.

Press Pause all channels or Stop all channels icon in the Home Control menu will execute the command
for all channels of the Stimulator (figure 6.4)

@ Home Protocols Help

=l Pause all Stop all
annels channels channels

Control

Figure 6.4 The Start, Pause, and Pause commands for all channels simultaneously.

Press the Pause or Stop icon for the given channel, and the command is executed for the given channel
(figure 6.5).

Q Channel 1 | DMT test protocol

Q Channel 2 | DMT test protocol

Q Channel 3 | DMT test protocol

Q Channel 4 | DMT test protocol

Figure 6.5 The Start, Pause, and Stop commands for a single channel.
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Appendix A

The CS4, CS4+, and CS8 have an input trigger feature, making it possible to trigger
and start a stimulation protocol from the 840MD MyoDynamics Muscle Strip Myograph
System or a Powerlab. All the channels on the CS4+ and CS8 stimulators can be
controlled individually or in groups using the individual Input Trigger ports on the back
panel of the CS4, CS4+, and CS8 stimulators. On the rear panel of the CS4+ and CS8,
there are two types of plugs, a four-pin, and a three-pin plug (figure A.1). The four-pin
plugs are the input Trigger ports and the output Trigger ports are three-pin plugs.

Figure A.1 Input and Output Trigger — Rear panel of CS4 stimulator.

The 840MD MyoDynamics Muscle Strip Myograph System is provided with cables fitted
to the input and output trigger ports of the CS4+ and CS8 Stimulator, making it
impossible to connect the Stimulator and the MyoDynamics Muscle Strip Myograph
System - 840MD in a wrong way. The CS4+ and CS8 need a trigger Input of +6V to
+24V (unit protected from damage for input signals to +30V) to initiate a Trigger function
defined in the Stimulation Protocol setup as shown below where the 'Digital in setting'
has been selected to start when the Input is high ("Start channel when digital input is
high™).
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APPENDIX B - MyoPULSE Software Installation

MyoPULSE controls the CS4+ and CS8 stimulators and creates protocols to be uploaded to the

Stimulator.

INSTALLATION

MyoPULSE is downloaded from https://www.dmt.dk/.

MyoPULSE is distributed as an MSI installer. Double-click on the .msi file and install the program.

AUTOMATIC UPDATE

New MyoPULSE releases are made available online and can be updated in MyoPULSE.
A working internet connection is required to make Automatic Update work.
MyoPULSE checks for an update every time the program starts (figure B.1).

A notification is shown if there is an update (figure B.2), and the user may decide whether to update.

Checking server for available program updates

| Cancelupdate check  §

Figure B.1 Update check dialog.

@ Program Update X
There is an update to MyoPULSE 3

Do you want to update now ?

° [ ] _w

Figure B.2 Update available dialog.

The updates are downloaded and installed when "Yes" is pressed. Info about the update(s) is shown

when the "I" button is pressed (figure B.3)

MyoPULSE 3
Version 3.0.1

First version

Figure B.3 Info about available updates.

It is also possible to make a manual update check by clicking on the "Software update check" in the
"Help" section on the ribbon (see figure B.

@ oo Pt 1

About|  Software t Dark mode
update check

About

Figure B.4 Manual software update check.
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Simplified Ribben


https://www.dmt.dk/
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Ensure the computer is connected to the internet, then press the "Software update check” (see figure B4).
MyoPULSE will close automatically during the installation and needs to be started manually after the
installation is complete. MyoPULSE can be closed manually if it is not closed automatically by the
MyoPULSE installer. It is also possible to delay the installation until after the program has been closed or
the computer rebooted.
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APPENDIX C

SYSTEM CS4/CS8 SPECIFICATIONS

SPECIFICATIONS:

Output voltage
Output
Stimulus width
Max. frequency

Voltage supply

MyoPULSE software

SYSTEM CS4+ SPECIFICATIONS

SPECIFICATIONS:

Output voltage
Output
Stimulus width
Max. frequency

Voltage supply

MyoPULSE software

0-31V

Mono/Bipolar

0.1-25msec.

2500Hz

100-240 Volt 50/60Hz to 48 Volt DC 70W power adapter

Windows 10 Minimum 4GB of RAM

0-80 Volt

Mono/Bipolar

0.1-25msec.

2500Hz

100-240V 50/60Hz to 48V DC 70W power adapter

Windows 10 Minimum 4GB of RAM
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APPENDIX D

TRIGGER INPUT

Pulse Trigger Input: +5V to +24V (unit protected from damage for input signals to +30V)
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Figure C.1 INPUT connector, rear panel.

TRIGGER OUTPUT

Pulse Trigger Output: Transistor open collector max +24V (unit protected from damage for
signals to +30V).
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Figure C.2 OUTPUT connector, rear panel.
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