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‘\' II. EXPERIMENTAL OBJECTIVES

M 1.) To observe experimentally, record and/or calculate selected pulmonary volumes and capacities.
2.) To compare the observed values of volume and capacity with average values.

3.) To compare the normal values of pulmonary volumes and capacities of subjects differing in sex, age, weight, and
height.

I11. MATERIALS
¢ BIOPAC Airflow Transducer with removable, cleanable head (SS11LA)

o Ifusing older SS11L transducers with non-removable head, insert into the larger diameter port.

< BIOPAC Bacteriological Filter (AFT1): one per subject; plus, if using calibration syringe, one dedicated to syringe
=  BIOPAC Disposable Mouthpiece (AFT2)

¢ BIOPAC Nose Clip (AFT3)

¢ BIOPAC Calibration Syringe: 0.6-Liter (AFT6 or AFT6A+AFT11A) or 2-Liter (AFT26)

¢ optional—BIOPAC Autoclavable Mouthpiece (AFTS)

+  Biopac Student Lab System: software BSL 3.7.5 or above

data acquisition unit MP36, MP35, MP30 (Windows only), or MP45
«  Computer System

IV.  EXPERIMENTAL METHODS

!g!-_“ For further explanation, use the online support options under the Help Menu.

A. SETUP

FAST TRACK ; DETAILED EXPLANATION
. 5 1 um Jour compifer ON. The desktop should appear on the monitor. If it does not appear, ask the
2. Make sure the BIOPAC MP3X unit is OFF. laboratory instructor for assistance.

Plug the airflow transducer (SS11LA) into RIOPAC MP3Xnit
Channel 1. ‘ \
4. Turn ON the MP3X Unit. " » & oo
5. Place a filter onto the end of the calibration st i) |
_ syringe. V\
. Flugs into CH1
1LA
Airflow Transducer

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

e SS11LA needs 5-10 minutes to warm up; during this time, the baseline

,Setup sontinues, . offset is changing slightly.
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6. Insert the Calibration Syrmge/Fﬂter  The bacteriological filter must be used between the transducer and calibration
Assembly into the mrﬂow transdlicer {Flg. 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.

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

Airflow Transducer Calibration Syringe/Filter Assembly

v

IMPORTANT!
Always insert on the
side labeled "Inlet"

i

IMPORTANT!
Always insert on the
side labeled “Inlet”

SO B a8 S e ——

AFT1 AFT11A AFT6A flat base
end cap

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.

7. Startthe Biopac Student Lab program . O

8. Choose Lesson 12 (LlZ-Pnlmonaryi
Function I) and cli k OK.

9. Typein o filename and click OK.

10. gﬁggﬂﬂg Sef Preferences. fi};, .~ This lesson has optional Preferences for data and display while recording. Per
‘ your Lab Instructor’s guidelines, you may set:
Calibration Syringe Size: 0.61 L (AFT6A6), 1 L, 2 L (AFT26),3L,4L,0or5L

« Select an option. - : Calibration Syringe Values: set each time or set once and use stored values for
~ « Select the desired setting and click the same SS11LA/L with the same MP45

0K - . Residual Volume: 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 1 L)

Journal Text: show minimum guiding text vs. detailed text
Grids: show or hide gridlines
Recording Length: allow from 30 seconds to 30 minutes of data

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

v Chzoose File > ?references

END OF SETUP |
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| B. CALIBRATION

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

Pay close attention to the journal instructions for the entire calibration.
_FAST TRACK DETAILED EXPLANATION

1. Hold the Airflow &'ansducer upnght - Calibration Stage 1 zeroes the baseline, which is
and still (Fig. 12.10). critical for Airflow to Volume
- - o calculation. For this stage, there must be no
airflow through the transducer and the

[=]
e transducer must be upright and still as the
= _ baseline can shift slightly with orientation
ZJ changes due to gravity effects.
72 52
>
<;t . .- Fig. 12.10
2 2. Click Calibrate. ~ The first calibration stage will run for 4 seconds.
‘f ~~ . i i i
o 1
o e
8
7
R 100 200 e 200 E kl T gc{;
Figure 12.11 Calibration stage 1 — always required
3. lEPRO UPTED——CO‘xﬁpiete the If prompted read the Stage 2 procedure BEFORE clicking OK.
calibration syringe assembl BEFORE i
clicking OKyn - = Bzupac Student Lab
a) Piacé a filter onto the end ef tiae . | Read the directions below, then click 'OK.
ealzbratron syrmge ‘ @

b) Insert the Cahbratlon Synnge/Fﬁter -

~ Assembly into the anﬂew transducer ) T ) i
- (Fig. 12.12). Based on lesson Preference settings, the calibration syringe may not be required.

If prompted, complete the assembly BEFORE clicking OK.
c) Pull the Callbratlon Synnge P lunger The bacteriological filter must be used between the transducer and calibration
ail the way out. 3 syringe in order for the data to be accurate. The filter is required for calibration
4 Read the Stage 2 procedure to prepare and recording because it forces the air to move smoothly through the transducer.

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

for ﬁ This assembly can be left connected for future use. You only need to replace the
filter if the paper inside the filter tears.
HOld the  syringe honzontally and 1€t Airflow Transducer Calibration Syringe/Filter Assembly IMPORTANT
the transducer hang upright off the _ v « v .
' A ierton the If your lab sterilizes the

end wrth ne support
- side fabeled "Inlet"

airflow heads after each
use, make sure a clean
head is installed now.

IMPORTANT

Never hold onto the
airflow transducer
handle when using the

calibration syringe or the
syringe tip may break.

IMPORTANT! ‘
Always insert on the
side labeled “Inlet.’j

AFT1 AFT1H1A AFTBA

Calibration continues... Fig. 12.12
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I esson 12: Pulmonary Function I

4. ClickOK. . . ~ When you click OK, the second stage of calibration will begin, and will run
. ‘ _until you click End Calibration after cycling the syringe.

~ (Calibration Stage 2 corrects the transducer amplitude and compensates for
Standard Temperature and Pressure (STP). After a known volume of air is
passed through the transducer (such as 5 syringe cycles, which provides for
_ some airflow variations), the software will determine a set of “correction
 factors” to be applied on the airflow data during the Subject recordings.

5. Starting with thesynngeplungerall  Hold the syringe assembly as shown in Fig. 12.12 above.
the way out, cycieﬂigphmger 17 ;and . Use a thythm of about 1 second per stroke with 2 seconds rest between strokes,
out corgp§e?eiy 5 ame (10 strokes). _ ie., push the plunger in for approximately 1 second, wait 2 seconds, pull the

6. Click End Calibration. ~ plunger out, wait 2 seconds, and repeat 4 more times. Click End Calibration

- - ~ when done.

7. Check calibration data. " - At the end of calibration, your screen should resemble Fig. 12.13.

e Ifsimilar, validate the data - Record | Redo Calibration |

 (optional Step ) or proceed to. B

 the Data Recording section.

| /| lﬁ(L(JL“JT}L_ X

-

0.00 10.00 2000 3000 ‘ \‘ i jQ

seconds

Figure 12.13

Stage 2 - If “Use stored values” Preference set, complete if prompted.

 The first push of the syringe plunger should have resulted in a downward
deflection of the data. If your data shows 5 downward deflections and 5 upward
deflections, you may proceed to the Data Recording section.

o Ifdifferent G‘Rhedd‘éaﬁbifaﬁah.  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

. . ’, repeat calibration. Click Redo Calibration to repeat the calibration sequence.
8. Optional Validate Calibration.
a) ClickRecord

49 BOOES LAers

b) Cyclethe AFT6 syringe piimger . P
_inand out completely 3 times (6
| -

ot
d) Measure P-P on CH2

. (F"g":]lm) to confirm the result
\ jniaf es ’thei'syriggg vol e

. AFT6-06L

OPTIONAL

\ ¢) Click Redo to proceed with

~ and repeat calibrationif 4 " Figure 12.14 Calibration Validation shows P-P result 0.6 liters.
~ necessary). '
END OF CALIBRATION .
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C. RECORDING LESSON DATA

'FAST TRACK Recording

1. Prepare fo%rfhe recordili‘g.

IMPORTANT!
Subject must be relaxed to
obtain accurate measures.

2. Prepare the traﬁéiiucer—ﬁlter .
applicable)-mouthpiece assembly:

To be safe, follow this procedure

precisely to make sure the airflow
transducer is sterile.

o If using the SS11LA transducer and

not sterilizing the head after each use:

Insert a filter and mouthpiece into the
 airflow transducer on the side labeled
e ‘-In‘l et‘ 5y .

IMPORTANT!
Always insert on the
side labeled “Inlet”

If using the SS11LA transducer a

sterilizing the head after each use:

Insert a disposable mouthp;ece ’

(BIOPAC AFT2) or an autoclavable
mouthpiece (BIO?AC AFTS) into the
 airflow transducer on the side labeled
Inlet.”

_ Recording continues...

Biopac Student Lab 3.7.6

DETAILED EXPLANATION OF RECORDING STEPS

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 very important, as the calculation from
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.

¢) Always insert 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. If you 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 SS11LA : ML N | [N
transducer and not e [l il ‘

sterilizing the head after Dis’posabie
each use: insert a filter and Disposable mouthpiece
Bacteriological (AFT2)

mouthpiece into the
airflow transducer on the
side labeled “Inlet.”

Filter (AFT1)

Plalet” lubel
on this side

Airflow Transducer (SS11LA)
Fig. 12.15 SS11LA with unsterilized head

If using SS11LA Head olim
transducer and sterilizing i I
the head after each use: .
insert a mouthpiece into
the airflow transducer on
the side labeled “Inlet.”

- K

= Autoclavable

mouthpiece
(AFTS)

Dis/posable
mouthpiece
(AFT2)

"Inlet" label

e on this side

Airﬁow Transducer (SS11LA)
Fig. 12.16 SS11LA with sterilized head
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3. Prepare the Subjéci: . : ‘4 k

a.) Subject should place his/her personal Hold Airflow Transducer <
nose Clip on nose . upright at all times

b.) Subject should breathe normally for A breath is considered a

20 seconds through the Airflow  complete inhale-exhale
Transducer BEFORE Record is cycle.
clicked. . .

Subject should be relaxed

IMPORTANT! with eyes closed for “normal ({ the side fabeled "nlec”
Subject must remain relaxed and = breathing.”
always breathe through s,
the side labeled “Inlet” ; ~ Allow time for Subject to Fig. 12.17 Keep Airflow Transducer upright at all times
‘ ‘ - acclimate to the mouthpiece
BEFORE clicking Record.
4. Click Record. . For accurate measures, Subject must be completely relaxed, with eyes closed,
- - and breathing normally. The mouthpiece will influence Subject’s breathing, so
a) Breathe nczrm‘?liy for 5 breaths. .  allow time for Subject to acclimate to the mouthpiece BEFORE clicking
b) Inhaleasdeeplyasyoucan. ~  Record.

/ . . A breath is considered a complete inhale-exhale cycle. Subject
) Txumeas deeply as - can . should be relaxed with eyes closed and not facing the computer.
d) Breathe :norm:{liy for 5 ¥;gr§aths. * If'you start the recording on an inhale, try to end on an exhale, and

vice-versa.

5. Click Stop. ’ . . ' 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. 12.18).

6. Review the data on the screen. ~ Datashould resemble

. . Fig.12.18, showing a
« If similar, g0 to Step 9. | positive spike for

inhalation and a
_ negative spike for
exhalation.

Fig. 12.18

i dfffereni,z click Redo. ~ Data might be different if the procedure wasn’t followed precisely, i.e. Subject
.. - coughed or air escaped, or if the wrong Residual Volume was used (see Journal
for value used and change via File > Preferences if necessary).

If different, click Redo and redo the recording by repeating Steps 5-8. Note that
once you press Redo, the data you have just recorded will be erased.

7. Click Done. - ~ AfterDoneis pressed, data will automatically be saved in the specified “Data
. . ; Files” folder and a dialog with options will be generated. Make your choice and
8. Click Yes. . ~ 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. '

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

END OF RECORDING
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V. DATA ANALYSIS
_ FAST TRACK Data Analysis

1. Enter the Review Saved Data mode aiid
chc«ose the correct file.

1 Nate Zhanﬁel number (CH) (?k:mgnaﬁon’si

Channél Dzsplay,
_CH1 Airflow (hldden)
CH 2 Volume

thzonai To revmw All‘ﬂOW data‘j
 “Ctrl+Click” (Windows) or
 “Option+click” (Mac) the chamlel
number box.

Nete the measurement box settmgs

C’hamael Meas;ug’ement
CH2 PP .
. CH2 Max

CH2 Min

- Delta

- Review the measurements described in the
Introduction to identify the appropnate
selected area foreach:

o Total Lung Capacxty
.}qual oiume
e Inspiratory Resgrve Volume

* Expiratory Reserve Volume .
» Vital Capacity '

. Expxratory Capac1ty

0;;“;:Insplratﬁry Capacﬁy
e Funcﬂonal residual Capacity
. Remduai Volume

~ Data Analysis continues...

Biopac Student Lab 3.7.6

DETAILED EXPLANATION OF DATA ANALYSIS STEPS

E!'J Enter the Review Saved Data mode.

4 Blopac Student 13b® - Ble: John 113
Hle Edit stpay iessons  Help

i Show Grd

P o Ve
s Nl g A lR S
V7
v
1860 zane 3200 2000 , AEDE
seconds
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.

N

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 of the selected area.

The “selected area” is the area selected by the I-Beam tool (including
endpoints). e

Vital Capacity (V)
1,

80

Inspiratery Reserve
Velume (IRV} lespiratory Capacity (1C) 50

—
I
Liters

1)
Tidal Volume (TV)

A

Functional Residual

Capacity {FROY
Total Lung A 20
Capacity (TLO) Expivatory Expiratory
_ Reserve Capacity (EC}
Volume (ERVY) Residual Volume (RV) 10
0- 0o
0o 40 8.0 120 180 200 240 280 320 360 400

seconds

normal t i { ]. |
maximal inhale

| ? |<-——— normal breathing ———em—p
I recovery

neasimal exhale

Fig. 12.20 Measurement areas for respiratory volumes and capacities
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3. Measure observed VC (P-P). The P-P measurement can be used to obtain VC (Flg 12.21).
TTURE T paserasvten (311 Wiak Ve am2aLiers [5G Wi 7200000 Lters 5C] {1 Defa, | 354893 Liter
fSegment 1 _@

7.00 -
650
800
550
500
450 @
o e Ee
co| 380
300
250
200
150

000 400 8.00 1200 1600 2000 2400 2800 3200 3600 4000 440n* IlQ
seconds

Figure 12.21 Example of VC from P-P measure

4. Take two measures for an averaged TV The P-P measurement in Fig. 12.22 represents the first value required for the
calculation: : averaged TV calculation.
a) Use 1_1'1e I"beam CuTSOr 10 Select the - .ﬂ. PJP ,]maazoure PRI Lneys@ 46057 Lters [C1 [:Dja + 0 47005 Lters ]
inhalation of cycle 3 and note the P-P g T Em
result (Fig. 12.22). The selected area =
should be from the valley to the peak i
of the third cycle. o
B S -
000 400 B8.00 1200 1600 2DDQSBCUU§§W 28.00 3200 36.00 4000 AMCG 1 lQ

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

b) Use the I-beam cursor to select the The P-P measurement in Fig. 12.23 represents the second value required for
exhalation of cycle 3 and note the P- the averaged TV calculat1on
P result (Fig. 12.23). The selected
area should be from the peak to the

Cl Win__ | 348139 Lters[SC] | Detta | -0.35761 Lier

valley of the third cycle. ==
B 4 o
5.00

450 @
s Vi < 350 -

i - 300
i 250

200 é
150

000 400 800 1200 1600 2000 2400 2800 3200 3600 4000 Mm[k;IIO\
seconds . i

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

Use the I-beam cursor and measureméﬁt‘ The Delta measurement can be used to obtain IRV, ERV, and other
tools to observe the following volumes and  measurements (Fig. 12.24).
capacities (defined in Fig. 12.24):

wn

CTTRB ] Susazd Lers (371 Wax |6 as084 Lters SCT Win 343160 Uters (SC} [ Della | }2.36066 Liters

2) IRV(Dela) &) IC (Delta) "' - S
b) ERV(Declta) ¢) EC(Delta) T
¢) RV (Min) ) TLC Max) o
B a ¥ i < N EEE k.
6. Save or Print the data file. =
7_ Qlﬂt ‘the program. ’ 000 400 8.00 1200 1600 mDUmW’Wg:m 2600 3200 3600 4000  44.00 15; IQ

Fig. 12.24 Example of measurements for TLC (Max), RV (Min), and IRV (Delta)

. . @ You may save the data to another location, save notes that are in the
ENB‘ OF DATA ANALY SIS , journal, or print the data file.

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