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BACKGROUND: Physical assessment of breathing is an important component of physical therapy
evaluations. However, there are no standardized reference values of breathing movements available
for use in clinical practice. The purpose of this study was to determine the 3-dimensional distances
of observational points on the thorax and abdomen during breathing in healthy subjects and to
assess the effects of age, posture, and sex on breathing movements. METHODS: We studied the
3-dimensional breathing movement distances of the thorax and abdomen in 100 healthy subjects
(50 males, 50 females). Breathing movements were measured with a 3-dimensional motion system
during quiet and deep breathing with subjects in supine and sitting positions. Thirteen reflective
markers were placed on the upper (the clavicles, 3rd ribs, and sternal angle) and lower thorax (the
8th ribs, 10th ribs, and xiphoid process) and the abdomen (upper abdomen and lateral abdomen).
Range of movement in both breathing conditions was measured as the 3-dimensional distance at
half respiratory cycle. Respiratory rates were calculated based on the breathing movements ana-
lyzed. One-way analysis of variance, ¢ tests, and multiple regression were used for statistical anal-
ysis. RESULTS: The average marker distances for the thorax and abdomen during quiet breathing
were less than one third of those during deep breathing. Upper thoracic movement was significantly
decreased with age. There was less abdominal movement in females than in males, except during
quiet breathing in the supine position. The distances between the thoracic markers were greater and
those of the abdomen were less during quiet and deep breathing in the sitting position, compared
with those in the supine position. CONCLUSIONS: We found that the observed breathing move-
ments were related to the effects of age, sex, and posture. These findings are in agreement with those
reported in previous studies. The results may be helpful in assessing breathing movement by
physical examination. Key words: breathing; breathing movement; chest wall; abdominal wall; 3-di-
mensional motion analysis; aging, posture; sex. [Respir Care 2012;57(9):1442—-1451. © 2012 Daedalus
Enterprises]

Introduction

In clinical practice, respiratory function is generally eval-
uated using spirometry and physical examinations. Spi-
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rometry is useful for quantitative assessments of lung vol-
ume and flow, and can be objectively compared with other
spirometric results. Physical examinations, such as inspec-
tion and palpation of respiratory function, provide real-
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time observations and do not require a special measuring
instrument; thus, they are important components of assess-
ments in clinical settings. However, physical examinations
are not quantitative and depend on the experience of the
assessor. Therefore, an objective assessment of breathing
movement is difficult because there are no previous re-
ports of reference values that can be used in observational
assessments of breathing movement.

The breathing movements and patterns reported by pre-
vious studies were measured by magnetometers,'? respi-
ratory inductive plethysmography,>* and optoelectronic
plethysmography.>-° These methods are used to estimate
lung volumes from the chest and abdominal motions. The
respiratory movement measuring instrument,'?-'4 which
consists of 6 laser distance sensors, has been developed to
measure changes in breathing movements of the thorax
and abdomen. However, it is limited to measuring the
anteroposterior diameters of breathing movements. Al-
though several previous studies have assessed the 3-di-
mensional motions of the thorax and abdomen during
breathing using infrared cameras'>'® and an electromag-
netic device,'” there is no reported literature on the 3-di-
mensional distances of the observational points on the tho-
rax and abdomen during breathing.

Motion analysis using optical and electromagnetic de-
vices allows accurate measurement of the kinematics of
the chest and abdominal wall in different positions. An
electromagnetic device requires the use of heavier sensors
that are placed on the thorax and abdomen and can be
affected by other devices that produce magnetic fields. On
the other hand, optical devices for measuring motion re-
quire only lightweight reflective markers that cause min-
imum interference by the measuring system with the sub-
jects. Recently, a study® using an optical device showed
that posture and sex strongly influenced breathing and
chest wall kinematics. Therefore, we think that optical
devices are more suitable for measurements of the 3-di-
mensional distances of observational points on the thorax
and abdomen during breathing.

We believe that establishing reference values and un-
derstanding the characteristics of the breathing movements
of the chest and abdominal wall are necessary for objec-
tive assessments during physical examinations. These could
become the foundation for a new assessment tool for use
in clinical practice. The purpose of this study was to de-
termine the 3-dimensional distances of observational points
on the thorax and abdomen during breathing in healthy
subjects and to assess the effects of age, posture, and sex
on breathing movements.

Methods

This study was performed at the School of Rehabilita-
tion Sciences at Fukuoka, International University of Health
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QUICK LOOK

Current knowledge

The physical assessment of breathing is important dur-
ing physical therapy evaluations. The impact of pos-
ture, age, and sex on breathing movements complicates
these assessments.

What this paper contributes to our knowledge

A 3-dimensional analysis of thoracic and abdominal
breathing movements in healthy subjects demonstrated
that patient age, sex, and posture impact both quiet and
deep breathing movements. These findings may assist
in future assessment in patients with pulmonary disease.

and Welfare, Fukuoka, Japan. Fifty healthy males and 50
healthy females participated in this study. Subjects were
recruited from the university, hospital, and general popu-
lation (students, clerks, teachers, healthcare providers, res-
idents). We excluded those with a history of respiratory,
circulatory, or neurological disorders; smoking; abnormal
spirogram; respiratory symptoms; or body mass index of
> 30 kg/m?. The included subjects were divided into 5 age
groups from 20 to 74 years of age: 20-29 years, 30—
39 years, 40—49 years, 50-59 years, and 60-74 years.
Each group included 10 males and 10 females. The study
was approved by the local ethics committee, and all sub-
jects gave their informed consent.

Spirometry

Spirometry (HI-801, Chest MI, Tokyo, Japan) was per-
formed according to American Thoracic Society stan-
dards.!®

Breathing Movement Measurement

Breathing movements were measured using a 3-dimen-
sional motion system (Vicon MX, Oxford Metrics, Ox-
ford, United Kingdom) during quiet breathing and deep
breathing in the supine and sitting positions. This system
consists of 8 infrared cameras that track the movement
trajectories of 14-mm passive markers attached to the tho-
rax, chest wall, and abdominal wall. The cameras sample
at a rate of 50 Hz. Motion data were processed using the
system’s software (Vicon Workstation 5.2.4, Oxford Met-
rics, Oxford, United Kingdom) to produce 3-dimensional
coordinates of each marker. The 3-dimensional coordi-
nates were smoothed using a Woltring filter routine. The
3-dimensional distances between the markers were calcu-
lated using spreadsheet software (Excel, Microsoft, Red-
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mond, Washington). We estimated the resolution to be
0.1 mm by measuring the signal to noise ratio while the
system was recording the position of a static marker.

Thirteen passive markers were placed along the vertical
line through the medial one third of the clavicle (CL), the
3rd rib (R3), the 8th rib (R8), approximately 3 cm below
the costal margin on the lateral abdomen (LAB), along the
midaxillary line on the 10th rib (R10) bilaterally, and along
the vertical line through the umbilicus (the sternal angle
[SA]), the xiphoid process [XP], the midpoint between the
xiphoid process and umbilicus [abdomen - ABD]). In or-
der to allow natural breathing, we designed the system so
that the markers could be worn on clothing (T-shirt);
15 X 1.2 mm magnets were attached to the markers and
the surface of interest of the thorax and abdomen with
double-faced adhesive tape.

The range of movement for each of the 2 breathing
conditions was measured as the 3-dimensional distances
between markers at half respiratory cycle. The distances
were calculated based on the average values of 5 steady
breathing cycles during quiet breathing and maximal val-
ues of 3 deep breathing movements. Additionally, respi-
ratory rates during quiet breathing were also calculated
based on the number of data analyzed. The 3-dimensional
distances of each marker and the respiratory rates were
calculated using spreadsheet software.

Protocol

After the anthropometric and spirometry measurements,
the subjects were tested for breathing movement. Before
the breathing movement measurements, the subjects were
asked to wear similar T-shirts and to loosen their pants.
Additionally, the female subjects were required to remove
or loosen their bras. The subjects were instructed to remain
as relaxed as possible on a comfortable reclining wheel-
chair (RR70N, Kawamura Cycle, Kobe, Japan) in the su-
pine and sitting position, at random, and not to talk or
move during the measurements. Postural change was per-
formed by the examiner leaning the backrest of the reclin-
ing wheelchair. During quiet breathing the subjects were
told to breathe as normally as possible, and the breathing
movements were recorded for 1 min. Then, during deep
breathing, the subjects were asked to breathe in and out
slowly up to the maximum and to repeat this pattern 3
times. The breathing movements were recorded during
that time.

Measurement Repeatability
Ten healthy volunteers (mean *= SD age 22 = 1 y) were
included in these measurements. All subjects were mea-

sured 3 times. Two of the measurements were performed
by one examiner, and the third by another. The 2 exam-
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iners were physical therapy students trained in the mea-
surement procedure. The order of measurements in each
data collection session was randomized between the sub-
jects. The subjects were examined in the supine position.
During the measurements the subjects were told to rest
comfortably and breathe as normally as possible. Between
the measurements the subjects walked a few minutes and
then returned to the supine position again. Next, the mark-
ers were placed on the defined points. Bland-Altman plot-
ting was performed for the measurement for repeatability.
The intra- and inter-rater reliabilities were analyzed using
the intraclass correlation coefficient (ICC). As a result,
there were no systemic differences between the 2 mea-
surements. The ICCs (1,1) were 0.66—0.94 with standard
error of measurement (SEM) values of 0.31-1.14 mm. The
ICCs (2,1) were 0.63—0.95 with SEMs of 0.34—1.19 mm.
Most of the ICCs exceeded 0.70, an acceptable level of
reliability, except for the right CL (ICC (2,1) 0.68), SA
(ICC (2,1) 0.69), and the left 10th rib marker (ICC (1,1)
0.66, ICC (2,1) 0.63).

Statistical Analysis

Values are expressed as mean = SD for age, posture,
and sex groups. Paired and unpaired ¢ tests were used to
compare the breathing movements between the supine and
sitting position groups, and between the male and female
groups, respectively. One-way analysis of variance and the
Tukey multiple comparison test were used to compare the
breathing movements between the age groups. To further
assess the clinical importance of the breathing movement
distances between the groups, an effect size coefficient
(1, Cohen’s d) was calculated. Multiple regression anal-
ysis was used to assess the associations between breathing
movement distance in the supine and sitting positions and
age and sex after adjusting for height and weight. Statis-
tical analyses were performed using statistics software
(SPSS 14.0, SPSS, Chicago, Illinois). Values of P < .05
were taken to be significant.

Results
Subjects

The anthropometric and pulmonary functional data di-
vided according to age and sex groups are summarized in
Table 1. Mean height was significantly less among sub-
jects of the 60—74-year age group than among subjects of
the 20-29-year and 40-49-year age groups. FVC was
significantly less in the 60—74-year-old subjects, compared
to subjects of the 20-29-year, 30-39-year, and 40—49-
year age groups. FVC among subjects of the 50-59-year
age group showed a significant decrease, compared to sub-
jects of the 20—29-year age group. FEV, was significantly
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Table 1.  Anthropometric Data for the Subjects (50 Males and 50 Females)
Group Age, y Height Weight BMI2 FvC FVC FEV, FEV,/FVC
(m) (kg) (kg/m?) L) (% predicted) L) (%)
Age,y
20-29 219 1.0 1.66 = 0.09* 58.6 £ 9.5 212 x24 443 = 1.05%§ 118 = 14 4.20 £ 0.959 91 5
30-39 340*+24 1.64 £ 0.09 58.1+9.5 21.6 =23 4.18 £ 0.98% 120 = 16 3.53 + 0.78%* 85+6
40-49 442 £ 28 1.65 = 0.09* 59.8 £ 13.2 21.8 £ 3.2 3.96 = 0.88F 119 =17 3.26 * 0.69%* 836
50-59 546 £29 1.62 = 0.07 59.8+93 2277 +3.0 3.53 £ 0.75 110 =28 2.96 = 0.66 84 x5
60-74 69.4 =43 1.57 = 0.08 56.6 = 6.7 229 + 1.8 2.92 = 0.69 106 = 13 2.64 = 0.65 81 =7
Sex
Male 449 = 17.0 1.69 = 0.06| 65.8 = 77| 23.0 = 2.5| 4.48 = 0.84| 114 =20 3.78 = 0.91]| 83 =7
Female 447 * 16.6 1.56 £ 0.06 514 x5.1 21.1 £23 3.13 = 0.68 115 =18 2.74 + 0.68 866

Values are expressed as mean * SD.

* Height was greater in the 20-29 y age group and 40-49 y age group than in the 60-74 y age group (P = .01 and .04).

7 FVC was greater in the 40-49 y age group than in the 60-74 y age group (P = .003).

£ FVC was greater in the 20-29 y age group and 30-39 y age group than in the 60-74 y age group (P < .001).

§ FVC was greater in the 20-29 y age group than in the 50-59 y age group (P = .02).
|| The male group was greater than the female group (P < .001).

J FEV, was greater in the 2029 y age group than in the 30-39 y age group (P = .008) and the other age groups (P < .001).
## FEV| was greater in the 30-39 y age group and 40-49 y age group than in the 60-74 y age group (P < .001).

BMI = body mass index

higher for the subjects of age 20-29 years than for sub-
jects in the other age groups, and was significantly lower
for the subjects of age 60—74 years than for the subjects of
age 30-39 years and those age 40—49 years. Height, weight,
body mass index, and FVC were significantly greater in
the males than in the females.

Marker Distances

The distances of the markers on the chest and abdomen
in each age group are shown in Table 2. The average
marker distances were greater for the abdomen than for the
thorax in the 2 positions under the 2 breathing conditions.
However, the differences in marker distances between the
thorax and abdomen were smaller in the sitting position
than in the supine position. In the supine position the
percentage of quiet breathing marker distances relative to
deep breathing marker distances ranged from 9.3%to 15.5%
for the thorax and from 24.1% to 27.8% for the abdomen,
whereas in the sitting position, the percentages ranged
from 10.9% to 18.1% for the thorax and from 20.6% to
23.1% for the abdomen.

Effect of Age

When compared between age groups, there were no
significant differences in all marker distances during quiet
breathing between the 2 positions. The distances of the
bilateral CL and right R3 were significantly greater during
deep breathing in the supine position among subjects of
the 20-29-year age group than among those of the other
age groups. The SA and left R3 distances among subjects
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of the 20-29-year age group were significantly greater
than those in subjects of the 50-59-year and 60—74-year
age groups. Conversely, the XP distance in the sitting
position was significantly greater in subjects of the 60—
74-year age group than in subjects of the 20-29-year age
group. The effect sizes (n%) for most of the markers except
upper thoracic markers were small (see Table 2).

Using multiple regression analysis, during quiet breath-
ing, there were significant negative relationships between
marker distance and age for R8 in the supine position and
for CL in the sitting position. During deep breathing there
were significant negative relationships for CL, SA, and R3
in the supine position, but not in the sitting position. The
model results for these markers had a moderate R? values,
ranging from 0.09 (SA during quiet breathing in the sitting
position) to 0.19 (left CL during deep breathing in the
supine position) (Table 3).

Effect of Posture

All marker distances except for the left R10 during quiet
breathing and left LAB during deep breathing showed sig-
nificant differences between the 2 postures, under both
breathing conditions. The distances of most markers for
the thorax were significantly greater in the sitting position
than in the supine position, whereas all abdominal marker
distances were significantly shorter during quiet breathing
than during deep breathing. Conversely, the R10 distances
were shorter during deep breathing in the sitting position
than in the supine position. Moreover, the effect sizes (d)
for more than half of the markers during quiet breathing

1445



BREATHING MOVEMENTS OF THE CHEST AND ABDOMINAL WALL IN HEALTHY SUBJECTS

(100" > d) seouesip Joyrewr ur dnoid ase £ 67—z oy yim paredwod ‘9ouaIo)jIp JUedIusis e sem a1y, &
(F00—100" = ) sedueysip 1w ut dnoid a5e £ 67—z oy Y paredwiod “9dUdIRIJIP JUBDIJIUSIS © Sem Iy, L
($0'—20" = J) sedueysip 1xprewr ur dnoid a8e £ gz—0g oy M paredwiod ‘90UIQJJIP JUBIYIUSIS B SeM 1], 4

‘s & ueauw se passardxo ore san[eA

00 w00 w00 00 10°0 $0°0 SO0 [SN0] €00 w00 90°0 800 600 9Z18 199
0I'Cl +8S°TE  ¥8TI F OL'1E VITI ¥ €¥'€E  vP0Ol ¥ 66'L SO01 = 0€'8C LITI FTTSE TSOI +SI'9€ 8011 + 19°SE 9L01 + LEPE €101 + €8'VE 8901 + 6T€C  PL'6 + LEST  S6'6 + L6'8T £$1-09
LY'PL F SP6T  1€PI +8S8T 8€'CI F90TE 9S°€l F L9ST 90°€l F98ST €901 F SHTE 9Y0l ¥ 97T €8T F 6¥'CE ¥TO0I +86CE OTII ¥ €9€E 9€01 + vL'0E  6L'S ¥ 80°LT 176 F 06'LT £65-0¢
0071 + ¥8'8C TTYI + S€8T vIVI ¥ 190€ €OVl ¥ €S¥C  L8TI F¥8ST 0S €l FI€6T LSYI F9¥'6C 0811 +8T8C #O'II + S80E€ 9L0I + 68 1€ 6501 +008C  SI'6F LVYT ¥I'6 F I¥'ST N4
8811 F 060 €STI +T90E 09°€l + LESE Y10l ¥ 06'ST  LL'8 ¥ 8T'ST TO'IL * IL€E 9801 = €6'ce  TO0I  €T0€  €F0I +T9eE LTI +9I'PE  +¥TOI + 9L°0¢ 800l * €T8C  +¥TOI + 01'8CT £6e-0¢

TCOLFILLT TO8FOLLT 11'9F88TE 88 F8ICT ¥96F65¥C L66FS66C SSOI +TC6C  CUII F¥THe  $6'8 ¥ S96C 096 ¥ 9S°0¢ 618 ¥ S6'ST 999 * #8'1CT  6CL F ¥¥'IT £ 6c-0C
Surypearg dooq
90°0 LO0 800 +0°0 w00 w00 00 SO0 200 w00 10°0 <00 €00 9Z18 199y
LET FT09 98'C + 8C'9 1re = 0L €6'1 + €8°¢ 60°¢ * SI'S 69'1 ¥ I’V 00T + 86t P81 + 8L'¢ Pl F 6T€ 96'l ¥ 69°¢ P91+ 98°¢C 91 * €TT W1 +2Ct £$1-09
7T+ LEY LSTF9TY L6'T =+ STS 0I'c+ 1T¢ €ETF PLE LOT* 197 0T*S6v 7o'l ¥ ITY 6L'1 & v¥'e SL'T = ST¢ VLT F L8T el F9TT 6¥'1 ¥+ 0r'C £65-0¢
Y9TF ELS wTFors PE'T ¥ 659 9T ¥ LYE T F 60t 98’1 ¥ 9% €0TFeLYy 86'1 + 95°¢ 10T * vt'¢ 17T+ 09°¢ L6'T ¥ 00°¢ L6'T * L9T €81 + SLT £ 60
€0 + 0€9 v6'C ¥ 91'9 0S¢ = 69°L ESTF eV Y 86’1 ¥+ IS’V LT = 11°C 98l = 6S°¢ L6'T +96'¢ SS'T + S¥'e SY'T +¥9'¢ €€ F €6T o'l = €6C LET + 68T £6e-0¢
LSTF LTS 09°C F LSS 0€'E€ ¥ TTL ST + 6£°¢ ELTF TP 8ET ¥ ¥Sv PLT F VIS 9¢'T ¥ 10°€ L8'T ¥ €6 90T F Iy L8 F ¥E'¢ 981 F €' €91 ¥ €6'C £ 6c-0C
Suryrearg 191y
(Sumis) o8y
€00 €00 w00 100 +0°0 90°0 ¥0°0 ¥0°0 91°0 LT0 170 ST0 wo 9Z1s 199pq
TYLF9S€E €68+ 60SE  SO6+ €868 SO9+ L98T 116  LO'IE  01'9 + €98C  LE'9 * S8'6T 659 + 8897 +€€9 ¥ 899T L1690 F SSST  «€S9 ¥ 9I'ST  I8Y'S T ¥0'ST  #8S°C ¥ 6761 L4109
VI F 1626 9¢°01 ¥ €T1€ 11l F €TLE  8I'8F 6L9T  6T8F98°ST  €TLFSLLT T69F9¥LT 0TL+80LT +8T8F ¥¥LT LST8 F I8LT +09'L F+0'ST #TTS F 1881 #9€'S F 60°61 £ 6505
60°0T = 00C¢ OLTI *#PTE SOTI *F I€LE 666+ S99C 6801 + LI'LT 9601 + ¥1'6T 6111 + 08°6C 1001  €8°LC  T0'6 + T00E  «LI1'8 + ¥1°0¢ 16'8 ¥ 1697 10F'L ¥ 8661 +8T9 T 66'61 £ 601
786 FTS0E 196 FT60E L60I T 6£SE 86 FC0LL 988 F 9T 9911 F 18°0¢ TI'IT F S9°0€ €8'6 7 L99T  €6'8 ¥ TV'6T %676 F T66T  ¥9'8 ¥ 669 #6999 F SL'61  L9L9 F TI'0T £ 6e-0¢
8Y'IT + 06T 9F'IT + 6¥'6T 8TOI + LTLE 966+ V89T  S€'6 + €98C 0801 = SI'PE  LEOT F TTEE LEBFYTIE  P8LFSPOE  69LFLLE OTLFLTTE 069 +¢€08 TH9=F6£LT L6202
Sunpearg deaq
¥0°0 L00 80°0 S0°0 90°0 00 S0°0 90°0 100 200 w00 w00 €00 9Z1s 199pq
WTFPEL  PLTFCS  OSEFSY0T SSTFI19€  SPTF€0F  C0TF6SE  SLTFH6€ LLTFLLT  LITFTUE  6€TFOME  POTFCLT #STFv6T  181%80C (0T =) KpL09
60'Y F €S°L SECF YL SI'SF 1¢0l  S8TFILE €T F1S°€ 681 * L9€ 6L'1 ¥ 06'€ ST F06T 10C + 18T €I'TF20¢ 191 ¥ 9¢C €T ¥ 9671 L F oLt (0T = u) £ 6505
STTFVEL  8ETFHYL  00€FTEOl  LETFOLE  EETFL6€  SSTFITH  OFIFTry V1 FL6T  LSTFL8T €T F98C 8T FLeT €1 FaLl  sr1F9L1 (0T =w) ke op
8€TFSEL  SLTFTOL  SSTF 00l €T FE6E  TWIF60r  vOIFEST  ILTF 6V PIFSTE  LSTFSECE  PLIFTOE  6STF66C €1 F9I'T 91 F9cT (0T =1 K6g0¢
16’1 + 809 66’1 ¥ v1'9 80T+ LO'8 0T ¥ 16T ST +F9I'¢ Syl + vO'v 91 For'y 880 % 1TC Y91 ¥ 96'C T F9I'e W FTT 17T * €81 98°0 * LL'T (0T = u) £ 62-0C
Sumyearg 1emg)
(ourdns) o3y
W1 WaRY W1 WaRY Yol sy W1 WIRY W1 WIRY
uawopqy $52001d Q[3uy [eurdls dnoin
uauiopqy [erejer] qQry QusL, Qe sy proydix qry pIyL QPR

A5V YIA\ SIUSWIAAOA [RUIOPQY puk 3say)) jo suostredwo) 7 d[qeL,

RESPIRATORY CARE ® SEPTEMBER 2012 VoL 57 No 9

1446



BREATHING MOVEMENTS OF THE CHEST AND ABDOMINAL WALL IN HEALTHY SUBJECTS

100" > d ¥
800200 = d +
oY0—10" = d

QeWRJ = | ‘O[RW = () XIS
“IOLId PIBPUL)S T JUSIOLJI00 UOISSAITAI sk pajuasald are suorssardar sydnnuw oy Jo synsay

LI'0 % 0£0 LI'0 = ¥T0 610 % L10 LI'0 + 1T0 91I'0 + S1°0 #91°0 + S€°0 L1'0* STO LLI0 F 9Y°0 91'0 + 8T0 +91°0 * €€°0 SI'0 & 820 Y1°0 * LTO #V1°0 F €€°0 WBPM
SO'IT + 8TLI= HO'IT + €901~ 0STT + TEII~ 9661 = €TL~ TTOI + €99~  9L°61 +90°8¢~ %SS0T + 10T~  +L6'61 + ¥6'SS—  +9L8I + 0S'8E~  %8T61 + 99°Gh—  +9¢€81 + 66 Vv~  «1S91 = SSTIv—  «L891 F €SI~ WSRH
*LLEF 606-  #9L'€ F 186~  «C0F F SI'0I= %6S°€ ¥ IS8~ +E€V'€ ¥ ST8~  LECE ¥ 68°6~ HLYEF 6V0l~  %LSE+ 618~ #SE€EC ¥ 90'L— #*SP'E + 98°9— 8¢ ¥ CEL~ %S6'C F €9~ W0e +v6's— Xo§

LO0 = ¥0°0 L0'0 F €00 800 % 00— LO00 900 L0'0 ¥ SO0 L0'0 + T00 LO0 * ¥0°0 LO00 F €10 L0'0 200 L0°0 + 000 900 + 90°0 900 + €€°0 900 + 900 By
98'SEF00EY  P8SEF LOOE  TESEF 09°9S  66°€E F SYOT  PLTE F 0S'6T  +99°€E F LELL  +66'VE F 1768 +00VE + T886  +S6'1€ ¥ TEI8  LEQTEF09'16  I8TIE F ¥6'L8  LEI'STF 8L'6L  +PL'8T + TTO08 1decraug

sTo 90 610 0 1T0 9T0 170 8T°0 910 910 81°0 810 020 A
Sunpearg doaq

00 + 90°0— 00 + L00— %S00 *TI'0-  ¥0'0+ +0'0—  +0°0 + TO'0— €0°0 + ¥0°0 €0°0 + SO0 +€0°0 * LO0 €00 * 100 €00 + 100 €0°0 % 200 €00 % 100 200 F ¥0°0 SPM

WY+ 8T L8Y F LY'S— ILS ¥ L6T— SI'y ¥ 887~  SSPFO0VL- «S€¢€+00L 199°€ F 60°01-  L6£€ F L601— or'e = 9T~ IL€F LLY STEF OIS 90°¢ * 8¥°S— V6T F €19~ WSeH
880 F 116~ #L80F LL'E~  #TOT F L0V~  «bL'OF T8T- IS0 F THT— 090 * 91°0 S9°0 + 650 19°0 = 60°0 19°0 + 200~ 990 + ¥1°0— 860 F €00 S50 ¥ 800~ TS0 920 Xag

200 ¥ 100~ 200 ¥ 100— W00 F €00~  TWO0F100- T00F000 100 = 200~ 100 + 200~ 10°0 = 000~ 100 = 200~ 100 + 200~ 100 + 200~ 4100 F €00~ 100 + €00~ a3y

6€8 F SLYT  x0€'8 = ITIT  #EL'6 + LE'ST LOLF¥8TT  «PL'L+SS8T  «IL'S 9LV +€T°9 ¥ 90°0T LS F VLT 6L'S ¥ €8'L TE9F oL €S5S F IL01 #CCS F SITI #00°S + 80'I1 1deoraug

910 610 910 L0'0 110 90°0 80°0 S0 w00 €00 ¥0°0 600 010 2
Suryearg 191
Sumis
+P1°0 F 620 «V1°0 + S€°0 +91°0 * €€°0 €10 = LO0 ¥1°0 = 100 S1°0 * S0°0 S0+ LOO €0+ €1ro €1°0 * LO0— €10 = 100 €10 F €00~ o+ 11o- 01'0 900~ SM
OI'LI = 69TT~ PELI F61TT~ 6161 F LI'61- 9I'SI *8€'6  6€LI 700~  6V'LI ¥T8T €L F98°0 TSI F LT S8'CI + 68'¢— TI9T =00 11— $E€ST ¥ STOI-  L6TI * 9P T~ SYTI * 96'S— WSeH
190°€ F 1€8-  L0I'E F 8L°L- Ve F SS9~ %ILTFII9~ «I1'€+ 879~ €I'E ¥ 96'S— €Ie + S8~ S8'T + 8¢~ €T+ 1LY 68°C + 99°¢— VLT ¥ 68°¢— TET+ STE €TTFSST Xag

900 * SO0 90°0 + 90°0 L0'0 + 200 SO0 = ¥0°0 90°0 * €00 900 = TI'0 900 * 6070~ 90°0 + 800~ $90°0 ¥ 0T°0~ $90°0 ¥ 00~ 4500 ¥ 91'0~ 00 F 610~ 00 F 910~ a3y
€I'6T ¥ 05°¢S  €56T+T06F  69TE+ 0V'IS  €8STFTS6  T96T +LT6C  6L6C + TLOE 686 + 00'1€ IT°LT + S8'8C 669 87'1S  «bSLTF LO6S  xE€1'9T + TL'YS 80CT* LY'I¥  «0TICT + Tty 1deoraug

8T0 0£'0 1T0 0 €10 81°0 €ro o L1°0 10 oro 610 S1°0 !
Surypearg deaq

700 + 60°0 #70°0 + 60°0 SO0+ 260 €00 = €00 00 + 000 €00 + €00 €00 = €00 00+ 00 €00 + ¥0°0 €00 + SO0 €00 + 200 200+ 100 200 + €00 BmM

€6 F 618~ L6V + 86'9~ W9 F IT0I- TWEFTYI-  S8TFS00~ YTe * 096~ Ire=91v- +ILTF 189~ weF LY #SP'€ + 869~ Irex1ce 6V’ T F 9LY— *€ST F PES— WSRH

S6'0 F SY0— 680 % 0I'I— SI'TF9LT-  #SO0F11°0 IS0 % T€0 860 790 S50+ 880 8¥'0 + LEO 19°0 * IL0 790 * €8°0 960 * ¥9°0 S¥'0 + 8T0 Y0 + 8€°0 Xo§

00 ¥ 100 00 200 00 F €00 100 = 100 100 = 10°0 %100 + TO'0— %100 + 200~ 10°0 = 000~ 100 = 100~ 100 = 100~ 100 = 000~ 100 = 100~ 100 = 100~ By

LO6 + 871 Y8 = SI'eEl €60l +¥S0T  PI'SF+ 16 9S'v +86C #16°C + vETI 6C°S + 966 #1997 ¥ 911 78°C F 668 88°C F ISTTI 6C°S + 9¢9 *STY + 016 1€y * ST6 1deocraug

600 o 910 €00 €00 €10 10 €10 800 cro L0°0 010 110 A
Suryearg 10
ourdng
W1 w3y RiCs| w3y YT sy YT sy RiCs| sy
uawopqy $s90014 proydry J[3uy [euralg dnoiny
uswiopqy [erayey qry puay, any pysg qry payL JPIAB)

suonisod Sumig pue auidng ay) Ul SAILLIBAOD) SB JYSIOA\ PUB JYSIOH YA [OPOJN UOISSAIZAY XS pue 28V JO SNsY '€ 9[qe,

1447

RESPIRATORY CARE ® SEPTEMBER 2012 VoL 57 No 9



BREATHING MOVEMENTS OF THE CHEST AND ABDOMINAL WALL IN HEALTHY SUBJECTS

were moderate, and those of for most of the markers dur-
ing deep breathing were small (Table 4).

Effect of Sex

During quiet breathing in the supine position the male
group had significantly shorter distances for the thoracic
markers (except for R10), and significantly greater dis-
tances for the abdominal markers (except for the left LAB),
compared to the female group. In the sitting position the
R10 and abdominal marker distances were greater in the
male group than in the female group. During deep breath-
ing in the supine position the distances of all markers
except for the CL, SA, and R3 were significantly greater in
the male group than in the female group. In the sitting
position there were significantly greater distances for all
markers in the male group than in the female group. The
effect sizes (d) for most of the markers except the upper
thoracic markers during deep breathing in the supine po-
sition and during quiet breathing in the sitting position
were from moderate to large (see Table 4).

By multiple regression analysis, during quiet breathing
there were significant negative relationships between
marker distance and sex for R10, ABD, and LAB in the
sitting position, but there were no significant relationships
for any of the markers in the supine position. During deep
breathing there were significant negative relationships for
R10 and LAB in the supine position and for all markers
except for CL in the sitting position. The model results for
markers with significant relationships between marker dis-
tance and sex had better than moderate R* values, ranging
from 0.09 (SA during quiet breathing in the supine posi-
tion) to 0.30 (right LAB in the supine position) (see Ta-
ble 3).

Respiratory Rate

Between the 2 positions during quiet breathing the mean
respiratory rates were significantly higher in the sitting
than in the supine position (15.4 * 3.6 breaths/min and
14.6 = 3.7 breaths/min, respectively). However, no sig-
nificant differences were found between the sex and age
groups.

Discussion

To our knowledge, this is the first study to report 3-di-
mensional distances of observational points on the thorax
and abdomen during quiet and deep breathing. These find-
ings confirm and expand upon previous observations re-
garding breathing movements. In particular, the average
marker distances for the thorax and abdomen during quiet
breathing were less than one third of those during deep
breathing. In addition, upper thoracic movement during
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deep breathing and lower thoracic movement during quiet
breathing in the supine position decreased with age, except
during quiet breathing in the supine position; there was
less abdominal movement in females than in males. These
observed data should be useful for the clinical assessment
of breathing movement during physical examinations, be-
cause the breathing movement that we generally observe is
a 3-dimensional movement involving local regions of the
chest and abdominal wall.

We measured the 3-dimensional distances of the tho-
racic and abdominal markers to determine reference val-
ues of breathing movements that could be used for phys-
ical examinations, such as palpation and inspection.
Previous studies designed to measure specific points on
the chest and abdominal walls have mainly analyzed the
anteroposterior and mediolateral displacements. However,
it has been reported that displacement of the ventral part of
the rib cage during quiet breathing primarily occurred in
the anteroposterior and craniocaudal directions.!® Leong
et al'® showed that the mean displacements of thoracic and
abdominal markers were greater in the craniocaudal direc-
tion than in other directions during deep breathing. We
think that measuring only unidirectional displacements
would be insufficient for assessments of breathing move-
ments for various breathing patterns.

In this study, the intra- and inter-rater reliabilities of the
marker distance measurements were acceptable. A previ-
ous study?? that used the respiratory movement measuring
instrument showed that the correlation for the left lower
thoracic sensor was poor, whereas the correlations for the
thoracic and abdominal wall sensors were moderate to
strong. We found that the ICCs of the left lower thoracic
markers were the lowest of all markers, which is consistent
with the previous study’s findings; however, the values in
this study were apparently higher than those reported by
Olsén and Romberg.?® We assume that this difference was
caused by differences in the measuring methods. In our
method the 3-dimensional distances of the breathing move-
ment markers were measured, which provided potentially
more complete characterizations of the various breathing
movements.

During deep breathing in the supine position the tho-
racic movement distances decreased with age. The results
of this study are consistent with previous studies,*?! which
used different measurement devices. Verschakelen and
Demedts,* using respiratory inductive plethysmography,
showed that males of > 50 years of age in particular had
shorter breathing movement distances for their rib cages.
Moll and Wright?! showed, using calipers, that anteropos-
terior chest expansion reduced with age in normal sub-
jects. These results appear to be attributed to age-related
decreases in chest wall compliance?? and respiratory mus-
cle strength.?3-25 On the other hand, in the sitting position,
while there was no significant relationship between breath-
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ing movement and age, movements in the XP distance
significantly increased in the elderly group. These results
are contrary to those for the supine position. Considering
that no significant differences were observed in the chest
wall movement marker distances, it is possible that limited
chest movement in the elderly subjects was compensated
by movements that were elicited in the sitting position, for
which spinal flexion movement is easier during deep breath-
ing, even though the subjects were instructed not to move
during measurement. Therefore we believe that these re-
sults were derived from limited chest movement accom-
panying aging.

In contrast, during quiet breathing there were no signif-
icant relationships between most of the marker distances
and age, as observed in previous studies. However, RS in
the supine position and CL in the sitting position were
significantly associated with age. Although we do not have
a reasonable explanation for these results, we assume that
these could readily be influenced by limited chest move-
ment, which might be dependent on posture.

When compared by sex, we found that there were sig-
nificantly greater thoracic marker distances and signifi-
cantly shorter abdominal marker distances in the female
subjects than in the male subjects during quiet breathing in
the supine position. Our findings were in line with those of
previous studies,>%2%-27 which have shown that females
have a wider rib cage and lower abdominal contributions
to tidal volume than males during quiet breathing. How-
ever, in multiple models there were no significant rela-
tionships between breathing movement during quiet breath-
ing in the supine position and sex. Verschakelen and
Demedts* showed that there were no sex-related differ-
ences in thoracic and abdominal movements during quiet
breathing. These discrepancies might be related to the types
of measuring instruments that were used. Finally, from the
present results it could be said that breathing movement
during quiet breathing in the supine position is influenced
by body size rather than sex, because the breathing pattern
is predominantly diaphragmatic in the supine position.*

The present study also showed that during deep breath-
ing the lower thoracic and abdominal marker distances
were significantly shorter in the female subjects than in the
male subjects in the supine position. Furthermore, there
were also significant relationships between lower thoracic
and abdominal movement and sex. Ragnarsdéttir and Kris-
tinsdottir'! reported that abdominal, but not lower tho-
racic, movements were significantly less during deep
breathing in females than in males. Verschakelen and
Demedts* found that females exhibited slightly more rib
cage movement during deep breathing. In other words,
during deep breathing males would show predominantly
diaphragmatic breathing, compared to females. The dia-
phragm has a mechanism of expansion that involves not
only the abdomen but also the lower thorax.?8 Therefore
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we assumed that the marker distances of the lower thorax
were greater in the male subjects. In the sitting position,
female subjects had significantly decreased upper thoracic
movement, and there were significant negative relation-
ships between upper thoracic movement and sex. Although
the reason for this is not clear, it is possible that the tho-
racic movement for the male was overestimated by adding
spinal flexion movement, because the increase in average
thoracic marker distance was greater in male subjects than
in female subjects. Thus, we believe that there were no
sex-related differences in upper thoracic movement.

This study showed that posture had an influence on
breathing movements during quiet breathing. This finding
is consistent with those of previous studies that have shown
that the contribution of the rib cage to tidal volume was
greater in the sitting position than in the supine posi-
tion.!4%26 This effect has been explained by the decreased
compliance of the rib cage and increased compliance of
the diaphragm and abdomen that results with the change in
position from sitting to supine.?>2° During deep breathing
the results we observed are in line with those of a previous
study reported by Verschakelen and Demedts,* indicating
that the rib cage dominance in breathing patterns was greater
during deep breathing than during quiet breathing. How-
ever, the changes in the R10 marker distances between the
2 positions were opposite to those observed during quiet
breathing. The cause of this difference is not known. Pos-
sible causes are more predominant rib cage breathing and
higher lung volumes. Loring and Mead?3 showed that the
inspiratory action of the diaphragm on the rib cage was
greatest at low lung volumes. Accordingly, during deep
breathing, which involves higher lung volumes and rela-
tively greater rib cage movement, expansion of the lower
rib cage seems to be more difficult in the sitting position
than in the supine position.

As described above, most of our findings regarding the
effects of age, sex, and posture are in agreement with those
of previous studies. We found that the 3-dimensional dis-
tances of the thoracic and abdominal markers can repre-
sent the variable features of breathing movements. There-
fore we assume that the observed data should be useful for
observational assessments of breathing movement during
physical examinations, and for which it will be necessary
to develop a new clinical assessment tool that specifies
positions, observation point, graded scaling, and other fac-
tors. However, the sample size in this study was relatively
small and the individual variability in the breathing move-
ments was large. Given that the observed values in the
present study were not considerably different from the
range of previously presented values, they might be used
as reference values in assessing breathing movements.
Moreover, in this study the tidal volume during quiet breath-
ing was not measured, in order to avoid unnatural breath-
ing. We therefore cannot discuss the effect of tidal volume
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on breathing movement. In previous studies there were no
significant effects of age and posture on tidal volume, and
of sex on normalized tidal volume, and there were no
significant differences in respiratory rates.2> Considering
that respiratory rates were significantly higher in the sit-
ting position than in the supine position, it is possible that
the tidal volume was lower when sitting than when supine,
assuming that minute ventilation was the same between
the 2 positions. However, we believe that there was little
effect on tidal volume because the differences in respira-
tory rates were small.

Conclusions

In this study, we measured the 3-dimensional distances
of the thoracic and abdominal breathing movements in
healthy subjects for use in future observational assess-
ments of breathing movement. We found that the observed
breathing movements were related to the effects of age,
sex, and posture, which are findings shown in previous
studies. The results in this study may be helpful in assess-
ments of breathing movement by physical examination.
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