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[. EXPERIMENTALOBJECTIVES

1.) To observe experimentally, record and/or calculate selected pulmonary volumes
2.) To compare the observed values of volume and capaciry with average values.
3.) To compare the normal values of pulmonary volumes and capacities of subjects differing in sex, age, weight, and

height.

TV.

MATERIALS
s, BIOPAC Airflow Transducer with removable, cleanable head (SSl lLA)

o If using older SSl 1L transducers with non-removable head, insert into the larger diambter por1.
* BIOPAC Bacteriological Filter (AFTI); one per subject; plus, if using calibration syringe, one dedicated to syringe
* BIOPAC Disposable Mouthpiece (AFT2)
,n BIOPAC Nose Clip (AFT3)

* BIOPAC Calibration Syringe: 0.6-Liter (AFT6 or AFT6A+AFT1 1A) or 2-Liter (AFT26)
* optional-BIOPACAutoclavableMouthpiece(AFT8)

+ Biopac Student Lab System: software BSL 3.7.5 or above
data acquisition unit MP36, MP35, Mp30 (Windows only), or Mp45

* Computer System

EXPERIMENTAL METHODS

For further explanation, use the online support options under the Help Menu.

Biopac Student Lab 3.7.6
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2. Make sure the BIOPAC MP3X unit is OFF.

3. Plug the airflow ffansducer (SS I ILA) into
channel ,. 

ntoucer (SS I ILA) into

4. Turn ON the MP3X Unit.

s' 
lrT,T*:.fi'"',onto 

the end of the calibration

Drtarlnn Expt,l.NlrtoN

lffil fn" desktop should appear on the monitor. If it does not appear, ask the
laboratory instructor for assistance.

BCFACtttFtXmit

Fig. 12.8 MP3X (top) and MP45 (bottom) equipment connections

" SSI lLA needs 5-10 minutes to warm up; during this time, the baseline
offset is changing slightly.
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Lesson 12: Pulmonary Function I Dqaa 1

6. Insert the Calibration Syringe/Filte, The bacteriological f i l ter must be used between the transducer and calibration
Assembly into ihe airflow transducer 1Fig. syringe in order for the data to be accurate. The filter is required for calibration
12.9). and recording because it forces the air to move smoothly through the transducer.

' : : : : , ' : :  
: : : : , , ' .  ' : . ' ' - . . .  t : : : : : : : -

IMPORTANT!
Always insert on the
side Iabeled "lnlet"

:,.,,....,,., This assembly can be left connected for future use. You only need to replace the
:::::':.,., filter if the paper inside the filter tears.

AirflowTransducer CalibrationSyringe/FilterAssembly
V

IMPORTANT:
Always insert on the
side labeled "lnlet"

V

-
:::::::::.:
...,4,.,:.::.

:
::::'::::::::::.:
_: : . : '

. . . .
': '::: " : : : : ::: : ,

AFTl AFT,I lA

AFT,l

Fig.  12.9

Always insert syringe assembly on the transducer side labeled "Inlet" so that
the transducer cable exits on the left, as shown in Fig. 12.9.

IMPORTANT: If your lab sterilizes the airflow heads after each use, make
sure a clean head is installed now.

Use a unique identifier. Click OK to end default Setup.

This lesson has optional Preferences for data and display while recording. Per
your Lab Instructor's guidelines, you may set:

Calibratian SyrinEe Size: 0.61 L (AFT6A/6), 1 L,2 L (AFT26), 3 L, 4 L, or 5 L
Calibraticr Sy*ng* V*l,res: set each time or set once and use stored values for

the same SSI ILA/L with the same MP45
Residual V*lume: RV cannot be determined using a normal spirometer or

airflow transducer, so the BSL software sets a value
between 0 and 5 liters (default is I L)

Jcurn*1 Tsxt: show minimum guiding text vs. detailed text
Griris: show or hide gridlines
Reccrding [-e ngih: allow from 30 seconds to 30 minutes of data

::..
::: i ::::,:,:.

-

d.

Start the Biopac Student Lab progmm.

Choose Lesson l2 (Lt2-Pulmonary
Function I) and ctick OtC

Type in your filename and click OK.

Tf#,:iilTfJl-'J.';.,
- Select an option. ;
. 

lt;;;;;;;. 
setting and crick

9.
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B. Cl.lmn-trroN

Biopac Student Lab 3.7.6

Calibration establishes the hardware's intemal parameters (such as gain, offset, and scaling) and is critical for optimum
perfotmance. Calibration will vary based on the Preference set by your lab instructor.

Fav sl*sr attentian t* the io*rral i iestr*cticlns f+r €he enfire calibrati*r:,

Dntlrlnn ExprllatroN

Calibration Stage 1 zeroes the baseline, which is
critical for Airflow to Volume
calculation. For this stage, there must be no
airflow through the transducer and the
transducer must be upright and still as the
baseline can shift slightly with orientation
changes due to gravity effects.

"\=;;;;--
Fig.  12.10
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FAST TRACK
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:::,:r Always insert on the
:,:r::::, side labeled ,, lnlet."

V<V
IMPORTAI{T!

Alwars insert 0n thc
side labeled "lnlct"

AFTl AFT1lA

SS11LA/L

Ifyour lab sterilizes the
airflow heads after each
use, make sure a clean
head is installed now.

th{P*R'I'AF;'r'

Never hold onto the
airflow transducer
handle when using the
calibration syinge or the
syringe tip may break.

Click Calibrate. ..: The first calibration stage will run for 4 seconds.
: fiSfffiffilffiil|llffi

., f i i i : , 

-:.: ' ::t.t 

r.::.

I f P R0 ll PTl0-{omplete the
calibration synnge assembly BEFORE
clicking OK.

"' :iiffi,1x"#ffi"':' end ofthe

b.) Insert the Calibration Syringeffilter

+HTi]liito 
the a*now transducer

c.) Pull the Calibration Syringe Plunger
all the way out.

a, 
ffil 

the Stage 2 procedure to prepare

e.) Hold the syringe horizontally and let
the transducer hang upright offthe
end with no support. 

- -

IMPORTANT!

" Do not click OK until you are completely ready to proceed.

Based on lesson Preference settings, the calibration syringe may not be required.
If prompted, complete the assembly BEFORE clicking OK.
The bacteriological filter must be used between the transducer and calibration
syringe in order for the data to be accurate. The filter is required for calibration
and recording because it forces the air to move smoothly through the transducer.
This assembly can be left connected for future use. You only need to replace the
filter if the paper inside the filter tears.
Airflorv]'ransducer Clalibration SvrinqelFilter Assernblv Ih{P{]Rll1t}i'r

,::a:::

::::
AFT6A

.  , .&
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liw
-. '  '  i$

fal pas€
eno cap

Figure 12.11 Calibrat ion stage 1 - always required

ftead the direclisns helnw, then click 'OH.'

Fig.  12.12

end cap



1 esson 12: Pulmonary Function I

4. Click OK.

Page 9

Whenyoucl ickOK,thesecondstageofcal ibrat ionwi l lbegin 'andwi l l run
until you click End Calibration after cycling the syringe'

Calibration Stage 2 corrects the transducer amplitude and compensates for

Standard Temperature ut'J P'"""t" (STP)' Afier a known volume of air is

passed through the transducer (such as 5 syringe cycles' which provides for

someairflowvariattons),thesoftwarewilldetermineasetof..corection
factors" to be applied on the airflow data during the Subject recordings'

Hold the syringe assembly as shown inFig' 12)2 above'

Usearhythmofabout lsecondperstrokewith2secondsrestbetweenStrokes'
;;;"tti ih" plung". in for approximately I second' wait 2 seconds' pull the

plunger out, wait 2 seconds, a"d 
'epeut 

4 more times' Click End Calibration

when done.

At the end of calibration, your screen should resemble Fig' 12' 1 3 '

Figure 12.13

The first push of the syringe plunger should have resulted in a downward

deflection of the data. lf t;; dati shows 5 downward deflections and 5 upward

deflections, you may proieed to the Data Recording section'

If the first stroke resulted in an upward deflection, you will need to change the

calibration assembly (insert the assembly into the other port of the airflow

transducer) and repeat calibration. If the data shows any large spikes, you must

."p"li 
"urif*tion. 

click Redo calibration to repeat the calibration sequence.
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5. Starting with $e synnge plunger all

the way out, cycie the plung'er in and

out completely 5 times (10 strokes)'

6. Click End Calibration.

7. Check calibration data'

. lf g1rrodgl. validare the data 
.

(optional SteP 8) or Proceed to

the ilata Reiording section'
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Fioure 12.14 Calibration

e) Click Redo to Proceed with-

Subject recording (or click Done
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C. RncoruING LBssoN DATA
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fASf fnaCK Recording

l. Prepare for the recording.

IMPORTANT!
Subject must be relaxed to
obtain accurate measures,

?;''Prepare the trirnsilucer-filter (if
applicable)-mouthpiece assembly :

To be safe. follow this orocedure
precisely to make sure the airf low
transducer is steri le.

Biopac Student Lab 3.7.6

DBTA.IEI ExpL,qNATToN oF RECORDING STf,PS

In order to work efficiently, read this entire section so you will know what to do
for each recording segment.

Following the procedure precisely is vety important, as the calculation.front
airflow to volume is very sensitive.

Subject should be seated, facing away from the computer monitor, relaxed.
with eyes closed while you review the lesson.

Hints for obtaining optimal data:

a) Subject should be seated, facing away from the computer monitor,
relaxed, with eyes closed.

b) Subject should insert mouthpiece and begin breathing normally BEFORE
the recording is started since the mouthpiece may influence normal
values.

c) Always inserl on and breathe through the transducer side labeled "Inlet."

d) Keep the Airflow Transducer upright at all times (Fig. 12.17).

e) A breath is considered a complete inhale-exhale cycle. Ifyou start the
recording on an inhale, try to end on an exhale, and vice-versa. This is not
absolutely critical, but does increase the accuracy of the Airflow to
Volume calculation.

IMPORTANT: If your lab sterilizes the airflow heads after each use, make
sure a clean head is installed now.

Have Subject personally remove the filter and mouthpiece from the plastic
packaging. This mouthpiece will become Subject's personal mouthpiece. It is
advisable to write Subject's name on the mouthpiece and filter with a
permanent marker so they can be reused later.

If using SSllLA
transducer and not
steri l izing the head alter
each use: insert a filter and
mouthpiece into the
airflow transducer on the
side labeled "Inlet."

If using SSllLA
transducer and sterilizing
the head after each use:
insert a mouthpiece into
the airflow transducer on
the side labeled "Inlet."

Disposable
Bacleriological
f i l ter  (AFTI)

l  rrspr)sanlc
mouthpiece

(:\Ff2)

Airflon -liansdrter (SS1 I LA)

Fig. 12.15 SS11LA with unsteri l ized head

Fio. 12.16 SS11LA with steri l ized head

r E;uSiCg{he SSf fI traatducer ard
not sterilizing the bead after each use:
Insert a filter and mouthpiice into the

:.:.airflorr trarrsducsi,os the,nide labeled
"lnlet."

IMPORTANT!
Always insert on the
side labeled " ln let"

. truriog tt,. sirtut ffansdrrcer and
sterilizing the head after each use:
Insert a disposable mouthpiece
(BIOPAC AFT2) or an autoclavable
mouthpiece (BIOPAC AFTS) into the
airflow transducer on the side labeled
"inlet." l.: :::..

'

::

Recoiding continues,..

Autoclalable
moulhpiece

(:\FT8)

Airflow Tiansducer (SSllLA
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Lesson l2: Pulmonary Function I

3. Prepare the Subject:

a.) Subject should place his/her personal
nose clip on nose.

b.) Subject should breathe normally for
20 seconds tbrough the Airflow
Transducer BEFdRE Record is
clicked.

IMPORTANT! '"...
Subject must remain retaxeO anO .::.;,

always breathe through :r
the side labeled ,, lnlet, '

A breath is considered a
complete inhale-exhale
cycle.

Subject should be relaxed
with eyes closed for "normal
breathing."

Allow time for Subject to Fig
acclimate to the mouthptece
BEFORE clicking Record.

Data should resemble
Fig.12.18, showing a
positive spike for
inhalation and a
negative spike for
exhalation.

Page 1 I

Hoid Airllolv'l 'ransduccr
up|ight at all tirnes

s,t, :t:$,_ .

12.17 Keep Airflow Transducer upright at all times

4. Click Record.

a) Breathe normally for 5 breatbs.

b) Inhale as deeply as you can.

c) Exhale as deeply as you can.

d) Breathe normally for 5 breaths.

5. Click Stop.

For accurate measures, Subject must be completely relaxed, with eyes closed,
and breathing normally. The mouthpiece will influence Subject's breathing, so
allow time for Subject to acclimate to the mouthpiece BEFoRE clickins
Record.

o A breath is considered a comprete inhare-exhale cycre. Subject
should be relaxed with eyes closed and not facing the computer.

r Ifyou start the recording on an inhale, try to end on an exhale. and
vice-versa.

As soon as Stop is clicked, the Biopac Student Lab software will automatically
calculate volume data based on the recorded airflow data. At the end of the
calculation, both waveforms will be displayed on the screen (Fig. 12. l s).
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Fig.  12.18

Data might be different if the procedure wasn't followed precisely, i.e. Subject
coughed or air escaped, or if the wrong Residual volume *ur ,rr"d (see Joumal
for value used and change via File > preferences if necessary).

If different, click Redo and redo the recording by repeating Steps 5-g. Note that
once you press Redo, the data you havejust recorded will be erased.

After Done is pressed, data will automaticaily be saved in the specified ..Data
Files" folder and a dialog with options will be generated. Make your choice and
continue as directed.

If choosing the "Record from.another Subject" option:
a) You will not need to recalibrate the airflow transducer with the syringe

(Calibration Stage 2).

b) Remember to have each person use his/her own mouthpiece, bacterial
filter and nose clip.

c) Repeat Recording Steps 2-8 for each new Subject.
d) Each person will need to use a unique file name.

6. -Tffi;;ff:"

If differeuL click Redo.

:;:l::'

UruN t IT RECORDING

1

8.

\ II! 'PORTAST!
Always brcathe through
the sidr hbrled "lnl€r"
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V. DATA ANALYSIS

FAST TRACK Data Analysis

l. Enter the Review Saved Data mode and
choose the correct file.

, Note channel number (CFI) designations;

..,,,,.,,Chanfti|

,  c* ' r ,
-"",t.'

Optional:To review Airflow data,
"Ctrl+{lick" (Windows) or
"Option+click" ( Mac) the channel
number box.

Note the measurement box settings:
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Displays

Airflow (hidden)
Volum0

Biooac Student Lab 3.1.6

Dor.q.rl-oo ExpLANATIoN or D.lrl ANALYSIS SrEPS

Enter the Review Saved Data mode.

Fig.  12.19

The Airflow data does not have a lot of meaning for this lesson and may
confusing at first glance, but it contains an interesting perspective on the
recording. Note that the vertical scale of the airflow waveform is in Liters per

second (Liters/sec.), and that the data is centered on zero. Looking at the CH 1
graph, you can see that with each exhale, a downward pointing curve appears.
The deeper an inhale, the larger the positive peak; the more forceful an exhale,
the larger the negative peak.

The measurement boxes are above the marker region in the data window. Each
measurement has three sections: channel number, measurement type, and
result. The first two sections are pull-down menus that are activated when you

click them. The following is a brief description of these specific measurements

m
P-P: finds the maximum value in the selected area and subtracts the
minimum value found in the selected area.

Max: displays the maximum value in the selected area.

Min: displays the minimum value in the selected area.

Delta: computes the difference in amplitude between the last point and the

first point ofthe selected area.

The "selected area" is the area selected by the I-Beam tool (including

endpoints). =r,+q;r.

,,{#iiet
cIJ2
CH2
CH2
CH2

y:;'u"**'

rir"

2,*:il.ffff ilH,ffi if.iffi:ri#.'

o Fxpiratory Reserve Volume

. viiarCafacity
r Expiratory Capacity

r Functional residual
nsr:ni lb€tr l t ins.+l  

t  I  t  l t  F-normslt tenlhir&+

msrim*linhall 
L.:; l]:,r*

Fig. 12.20 Measurement areas for respiratory volumes and capacities
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li es>r-rn 12: Pulmonary Function I

3. Measure observed VC (P-P).

Elo

.1. Take trvo measures for an averaged TV

calculation:

a) Use the l-beam cursor to select the

inhalation of cycle'3 and note the P-P

result (Fig. 12.221. The selected area

should be from the valleY to the Peak
of the third cYcle.

l=1118|-

b) Use the l-beam cursor to select the

exhalation of cycle 3 and note the P-

P result (Fig. 12.23). The selected

area should be from the Peak to the

valley of the third cycle.

f la

5. Use the l-beam cwsor and measurement

tools to observe the following volumes and

capacities (defined in Fig. 12.24):

a) IRV (Delta) d) IC (Delta)

ur tg!-qg,-!Q e) EC (Delta)

Page 13

The P-P measurement can be used to obtain VC (Fig. 12.21).

la 1i  . .p" ,asrrui l .  i . i , , l  , , , , , ;sr , , , ,  l t*rrn. . l i i i l  i l r  l :ommm"isi l l , , , , , !*s l  :aMn'

The P-P measurement inFig. 12.22 represents the first value required for the

averaged TV calculation.

Z ,* --'l"i"".*,,, U l;'rf 
""'*"rt] 

l"*r: 
'**'""'Frl 

-LFIL 0roo- nn'

16& 20m 24@

Fig. 12.22Inhalation of third breath cycle selected to measure P-P

{.00 j

The P-P measurement inFig. 12.23 repfesents the second value required

the averaged TV calculat ion.

E 
-ii:.'.*""' 

3 -*FJ';;;;"-"ld -fu ""''" "''' B L q o *r u',

for

Fig. 12.23 Exhalation of third breath cycle selected to measure P-P

The Delta measurement can be used to obtain IRV' ERV' and other

measurements (Fig. 12.24).

: ,i l : -U--l , ,..ri ii;;, U i r;;;:f ""lai 
ii"'" ilel -ii."'-l ' 

o"* '; S;'l L-'Uru' '.] ':lo;' 'l;;. 
l

4m :_-

Fig.12.24ExampleofmeasurementsforTLC(Max),RV(Min),andlRV(Delta)

6.

t .

c) RV (Min) f; TLC (Max)

ffin

*: : : :

f[ft] you may save the data to another location, save notes that are in the

journal, or print the data file.

16@ 20@ 24m €@ 3l@ sm {m

Figure 12.21 Example of VC from P-P measure

300 :

END OF LESSON 12
Complete the Lesson 12 Data Report that follows'


