Eight Electrode Segmental BIA

Using the Quantum IV and an
eight lead 12 channel isolated switch
to measure each arm, leg and torso

of the human body
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Segmental BIA

Introduction

The RJL segmental BIA system is an electronic lead switching mukiplleat can resok resistance
and reactancealues from each arm andyleacluding the torso from right and left whole body electrode
placements. Thessgments better define the human body as individual electrical cylinders tivat allo
the assessment of local muscle volume and iwgdravhole body composition assessment[1].

Electrode placement is the same as with traditional methaeptethe right and left side of the body are
included (8 electrodes vs 4 electrodes). In addition, the electrode protocol can be changed to a more
proximal position by maing the detecting electrodes to simple anatomical locations opposite the elbo
and knee. This will directly measure the upper arms and uppahlkere muscle volume is the greatest.

The Quantum IV BIA instruments @ an optional feature to accommodate the micro-controlleredri
eight lead 12 channel multipder that is the basis of segmental measurements. Therefore, the BIA
instruments are the traditional RJL Systems phase sendsign, portable and battery operated.

The repeatability and accusaof the resistance and reactance measurement for each guand leorso
allow the smallest changes to be recorded to 0.1 ohms of resolution. In addition, detecting electrodes can
be symmetrically (right and left side) re-positioned to compare local muscle groups.

The comparate daracteristic from the measured resistance and reactance of right and left segments are
highly significant. Segmental muscle atrgpfALS - aging) and Yypertroply (exacise - sports) can
clearly be illustrated by studying the individual arms amgyd l@s a comparaé percentage or a percent
change wer time. This does not require yaprediction or regression equations and relies only on the
measured values and their ratio (Xc/Res).

Akern Srl (Florence, ltaly) pioneered a BIA system that incorporates an isolated lead switching multi-
plexer that can easily maksegnental measurements using traditional "stick-on" electrodes. TeAk
design was so successful that the corgpaon the FIBO Inngation Award (The European ward of

the Fitness and Wellness Industry - 2008). This design was based on RJL Systems OEM modules and
BIA printed circuit boards (US Patent 6,631,292 B1).

Common segmental body composition analyzeanif®, Omron, BioSpace) incorporate foot and hand
contact points that are a result of standing on four metal plates and holdiragdswvith the fingers and
thumb of each hand. These deviceseha gnificant disadvantage because the high resistance of the
bory ankle and wrist are included in the measuremdrite ankle, wrist, lower tpand forearm, hee

very little to do with whole body composition yet contrie more than 50 percent of the measure-
ment[2]

1. LESLIE W ORGAN, GILBERT B. BRADHAM, DWIGHT T. GORE, AND SUSAN L. LOZIER
Sgymental bioelectrical impedance analysis: theory and application aff é¢enknique. 0161 7567/94,
The American Physiological Society 1994

2. MARC R. SCHELTINGA, M.D., BNNYO.JACOBS, M.D., THOMAS D. KIMBROUGH, M.D.,

and DOUGLAS WWILMORE, M.D. Alterations in Body Fluid Content Can Be Detected by Bioelec-
trical Impedance Analysis. JOURNAL OF SURGICAL RESEARCH 50,461-468 (1991)
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The Quantum IV

The Quantum-IV with the multipled BIA cable allav multi-zone and segmental measurements to be
taken quickly and easilySoftware within the Quantum-IV automatically handles selecting leads and
scanning multiple zones. The resistance and reactance datedsosahe Quantum-IV so it can be
downloaded to a computer for analysMl/ith a standard BIA cable without the multipde, the investi-

gaor would hae o physically move the leads to mansets of electrodes located on both arms and legs.

With the Quantum-IV Denload Utility, retrieving the BIA data from the Quantum-IV is as easy as
clicking a lutton. In its database, the program stores not just the BIA data, but height, weight, age, and
gender - all the information oneowld need to deslop a model for estimating body composition oy an

other parameteiThe easy to use intaxde allows the westigator to viev the history for an insdidual,

and mak and review comments on individual tests. When it is time to begin the data analysis, the data
can easily be exported to a CSV-formatted spreadsheet for import into alymasabysis tool.

What is measured and seed for analysis (26 Data Points)

1 Right Body resistance 2 Right Body reactance
3 Left Body resistance 4  Left Body reactance
5 Lower Body resistance 6 Lower Body reactance
7  Upper Body resistance 8 Upper Body reactance
9 Right Arm resistance 10 RightArm reactance
11 LeftArm resistance 12  LeftArm reactance
13 RightLeg resistance 14 Right Leg reactance
15 LeftLeg resistance 16 Left Leg reactance
17 RightTorso resistance 18 RightTorso reactance
19 LeftTorso resistance 20 LeftTorso reactance

21 Transverse RA -> LL resistance 22  Transverse RA -> LL reactance
23  Transverse LA -> RL resistance 24  Transverse LA -> RL reactance
25 WholeBody resistance 26  WholeBody reactance

How Segmental BIA Works

Segmental BIA is the impedance (resistance and reactance) measurement of each amthtdeso

using eight electrodes. The eight electrodes are positioned the same as a whole body measuremen
except both the right and left side are used. The selection or switching of the individual detecting and
source electrodes allothe limbs (arms and legs) to be used as virtual electrodes that measure the oppo-
site side of the body.
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Principles of segmental BIA

measuring the right and left whole body
using eight electrode BIA

Measuring the right whole body

Blue detecting voltage sensing path
Red constant current source path

Note:

Current source and detecting voltage
paths are hypothetical and have not
been actually measured.

Segment
RA

Detecting
electrode

Source
electrode
S1

Right hand
Measuring the left whole body

Segment B

RL
Segment Segment D Detecting
electrode
Detecting
electrode Source
b1 electrode
S2
Source
electrode
W S1

Right hand

Segment B Segment C

Detecting
electrode
D2

Source electrode
S2

Anterior view

Active electrodes: source LA(D) LL(C), dectector LA(D) LL(C)
Inactive electrodes : source RA(A) RL(B), detector RA(A) RL(B)

Segment D
LA

Segment C
LL

Anterior view

Active electrodes: source RA(A) RL(B), detector RA(A) RL(B)
Inactive electrodes : source LA(D) LL(C), detector LA(A) LL(C)

Stick on electrodes avoid the
high impedance bony structures
of the wrist and anklé. Thereby,
improve measurement accuracy
and segmental body composition
results.
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Principles of segmental BIA

measuring the left and right arm
using eight electrode BIA

Blue detecting voltage sensing path

Red constant current source path Measuring the left arm

Note:

Current source and detecting voltage
paths are hypothetical and have not
been actually measured.

Segment D

Only the left arm

and small part of

of the upper torso
are measured

Segment A

RA

LA
Detecting
electrode

Detecting
electrode

Source

. electrode
Right hand S2
Measuring the right arm
Segment B Segment C
Segment A RL
Only the right arm LL
and small part of
of the upper torso Segment D
are measured
Detecting
eleg;’de Source electrode
S1
Source . .
electrode electrode Anterior view

S1 b1 Active electrodes: source LL(C) LA(D), detector RA(A) LA(D)

Right hand Inactive electrodes : source RA(A) RL(B), detector RL(B) LL(C)

Segment B Segment C

Stick on electrodes avoid the
high impedance bony structures
of the wrist and anklé. Thereby,
improve measurement accuracy
and segmental body composition
results.

Source electrode

Anterior view

Active electrodes: source RA(A) RL(B), detector RA(A) LA(D)
Inactive electrodes : source LL(C) LA(D), detector RL(B) LL(C)
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Principles of segmental BIA

measuring the left and right leg
using eight electrode BIA

Blue detecting voltage sensing path

Red constant current source path Measuring the left leg

Note:

Current source and detecting voltage
paths are hypothetical and have not
been actually measured.

Segment D
LA

Segment A

Source
electrode
S2

Right hand

Measuring the right leg

Segment C

Only the left leg
and small part of
the lower torso
are measured

Segment B

RL LL

) Detecting
Segment D Detecting electrode

Segment A / electrode

Source electrode
S1

Anterior view
Active electrodes: source LL(C) LA(D), detector LL(C) RL(B)
Inactive electrodes : source RA(A) RL(B), detector RA(A) LA(D)

Source
electrode
S1

Right hand
Segment B

Only the right leg

and small part of
the lower torso
are measured

Detecting
electrode
D2

Source electrode

Segment C

Stick on electrodes avoid the

Detectin
electrod
D1

results.

Anterior view

Active electrodes: source RA(A) RL(B,) detector LL(C) RL(B)
Inactive electrodes : source LL(C) LA(D), detector RA(A) LA(D)
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Principles of segmental BIA

measuring the left and right torso
using eight electrode BIA

Blue detecting voltage sensing path

Red constant current source path Measuring the left torso

Note:

Current source and detecting voltage
paths are hypothetical and have not
been actually measured.

Only the left torso

is measured
Segment
RA Segment D
LA

Detecting
electrode
D1

Source

electrode
Right hand s1
Measuring the right torso
Segment B Segment C
[—> RL LL
Only the right torso
is measured

Detecting

Segment A Segment D electrode
Detecting
electrode

Source electrode
S2

Anterior view
Active electrodes: source LL(C) LA(D), detector RA(A) RL(B)
Inactive electrodes : source RA(A) RL(B), detector LL(C) LA(D)

Right hand

Segment B Segment C

Stick on electrodes avoid the
high impedance bony structures
of the wrist and anklé. Thereby,
improve measurement accuracy
and segmental body composition
results.

Detecting
electrode
D2

Source electrode

Anterior view
Active electrodes: source RA(A) RL(B), detector LL(C) LA(D)
Inactive electrodes : source RL(C) RA(D), detector RA(A) RL(B)
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Segmental BIA left and right hand electrode placement

The detecting electrode edge is placed on an imaginary
line bisecting the ulnar head (bone on the little finger side of the wrist).

Segmental BIA

Right Hand
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Segmental BIA left and right foot electrode placement

The detecting electrode edge is placed on an imaginary line
bisecting the medial malleolus (bone on the big toe side the ankle).

Segmental BIA

Segmental BIA

Copyright RJL Systems 2010



-10-

Connecting the Quantum IV segmental BIA instrument to a Netbook computer

| Eight lead
| multiplexer

| [e—
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Eight lead 12 channel isolated BIA multipée

The segmental BIA systems contains the following:

Specially modified Quantum IV BIA instrument
Eight lead 12 channel multipter with four 6 ft subject leads.
USB cable that connects the Quantum IV to the Netbook for downloading 13 BIA zones

Acer Netbook computer model 532H dual core atom processor with 1 GB RAM and 160 GB hard
drive. Operating system is Uintu 10.04 Netbook edition preloaded and configured with the Q4
Downloader application.

Two "Stay Fresh" electrode packs (400 electrodes) - 50 segmental tests.

Whole body subject cable (DB-9 connector) including manuals and @ fr body composi-
tion analysis (whole body).

Quantum IV and Acer Netbook battery chargers (two).
Quantum IV carrying case (black).

Cost $3490.00 with one year warranty except Netbook computer (90 days).
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Getting started - the Quantum IV - Getting the BIA Zone Data

To turn the Quantum-IV on, press the 'ON’ button. Ay dime once text has begun to display on the
LCD, press the 'ON’ button again to go to the main menu. Use the Up amd &oows to mee the
cursor to "Get BIA Zone Data" and press the 'ON’ button to begin collecting data.

If there is data from a pvous test still on the Quantums-I will ask for permission to replace it with
the nev test data. Use the arrows and the 'ON’ button to answer either Yes or No. Answering No imme-
diately exits to the main BIA readings screen without collectirygnew BIA zone data.

While BIA Zone Data is being collected, the screen will display the progress through the list of thirteen
zones. Once all zonesVealeen measured (which takes about a minute) the Quantum-1V will return to
the main BIA readings screen. At this point, the data is ready to be downloaded to a computer.

Getting started - the Netbook computer and Ubuntu 10.04 netbook edition

Please note:

The initial user login igjl - "RJL Systems" first and last name
The user password ligsys

The root login igoot

The root password i®ot

All the abore login and passerds can be changed with the "users and groups" application for more con-
venient use. See system -> administration. In addition, the wireless WIFI connectionwsiliohige
configured with the proper WEP code, if required.

All Q4 downloader databases and exports (.db and .csv) files are stored by defauDacuheents
folder. When reading the .cvs file with Openfioé or Excel, ma& sure the "comma" is set as a field
deliminator Data files located on the Ubtu netbook computer are transfered to iaddivs ewiron-
ment with a simple USB memory "stick".

= 4) B FriMay 28, 3:57PM @ ril )
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Clicking on the Q4downloader application

MainWindow % S )] FriMay 28, 3:56 PM @ 1l ()

File Options Export Help

After clicking on the Database menu selection where the RJL_demo.db is loaded, the subjects in the
database will be displayedf there are no databases,database must be created by entering an
appropriate name in the file selectoon the top. The Q4downloader application will not start without

a database to maintain subject records. Databases and subject recordsatee &gtidouble clicking on

them.

43 MainWindow = E 4) FriMay 28, 3:55PM @ rjl ¢&

File Options Ex @ Select Database File

A

Name: | fjl-demo.db

~ Browse for other folders
| sl | Documents. |Create Folder

Places Name v Size Modified
Q, Search |2 rjl.db 13.0KB 14:53

3 Recently Us... |z rjl-demo.db 13.0KB 15:54
@il |E testdb 13.0 KB ‘Yesterday at 17:05
[ Desktop

L File System

o SYSTEM RE.

= Documents

i Music

@ Pictures

i@ Vvideos

&4 Downloads

|Database Files | v

| Gancel || save |
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Main menu
Options:
Communications setting:
Setting

USB communications rate between the Quantum IV and the Netbook computer is set
at 38400 bits/sec (38.4 Kb). The Q4downloader application will automatically detect
that the USB cable has been connected to the Quantum IV and displ&jS8eé or
/dev/USB1 in the port selectorlt maybe necessary to toggle between these tw
devices to get the system to work properly.

3 = B 4) Frijun 4,10:55AM @l &

File Options Export Help

Change communication settings

Port: [ mevmyused [l

Speed: :35400 | 'i

| gancel || oK |

When the USB port setting are configured properly and the Quantum IV completes its 13 zone BIA
scan, the seed zones are downloaded by clickitget BIA Data from Analyzer at the bottom of the
subject (person) record.

Before zones are downloaded After zones are downloaded

= E® 4) B3 FriMay28, 352PM @1jl () €3 > E® 4) B FriMay2s, 353PM @1l O

ions_Export_Help

Friday, May 28, 2010 3:49:30 PM [ChiageDatel) BIA Data: ‘ Friday, May 28, 2010 3:49:30 PM ([Chiange Date | BIA Data
Height (69| |inches | M| Zone Resistance Reactance Height (69| |inches | M Zone. Resistance Reactance
weight (170 pounds| = LY weigne (175 [Gaundsl |BightBody)l v| 5173 620

LeftBody, | v|5525 640

|LowerBodyl v/ 4460 565
Activity Leve! [{Moderate. v Activity Level |Moderate | v -
(L= Ll |UpperBadyl v /5679 639

[ pounds

Age (26 Years Age (26 Years

on this test: G 272 s

y/2946 (318

n ch Segmental BIA project | MY
Commen t1 |Rishtteail v/ 2171 311
|Leftieg | v 2287 306
I Rinht-Toren | v | 78 5 a7
| SaveTest | | Close Test Get BIA Data from Analyzer | ~l—————— Save Test | | Close Test | | Get B1A Data from Analyzer |

Click to get 13 BIA zones from analyze

-
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Validating the measurements

A fundamental simulation using electronic standards is necessarywé&tpedQuantum IV and switch-
ing multiplexer are working properly and accurately.

FAnlarior Wau

158 Ohma i ! 188 Dhive
e ||+

Right Leg LeaftLe=

i

Segmental BIA Calibrator

This standard is a combination of series resistors and capacitors that simulate each ayimenditey

the torso with known alues. Eacltapacitor and resistor is hand selected to be bettertthgmercent
accurate. The standard is used the same as a human model and returns the same 26 values (13 zones)
resistance and reactance precisely measured for validation. A tolerance acceptance spread sheet is als
included for comparison. The segmental Bl&lidgation board is an option and can be included when
requested for $100.00.

Final results

The net three pages were copied from an Excel spread sheet to illustrate what is returned from the
Quantum |V after a 13 zone scan. The labels and data were not modified. The comment field (last field)
describes the parameters of each measurenf®leaise note that only resistance and reactance are
recorded, there is no interpretation of these measurements such as fat or muscle volume of the segments
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