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Abstract
Objective: To investigate respiratory movements in supine and forward standing leaning position
among patients with emphysema and severe chronic obstructive pulmonary disease (COPD) during rest and dyspnea. Methodology: Nineteen patients with emphysema and severe COPD underwent lung function measurement and positional assessment of diaphragm. Respiratory movements during quiet and deep breathing were measured in supine and standing forward leaning
using the Respiratory Movement Measuring Instrument (RMMI) (MTT, Arleyni 8, Reykjavik, Iceland).
Patients then bicycled with the work rate 87% of the peak work rate tolerated in a pre-program
incremental exercise test. Immediately after dismounting the bicycle, respiratory movements
were measured in forward leaning. Results: For participants with mean age of 61 ± 7 years and
mean body mass index of 23.59 ± 4.63, respiratory movements during quiet breathing in supine
were significantly (abdominal p = 0.025, lower- and upper-thoracic p = 0.020) greater than in
forward leaning. In the case forward leaning during dyspnea, lower- and upper-thoracic movements were significantly (p = 0.001; p = 0.005, respectively) less than abdominal. Conclusion: This
study indicates that the diaphragm of patients with severe COPD and emphysema is active in forward leaning position during rest and dyspnea.
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1. Introduction

Pulmonary rehabilitation is one of the cornerstones in modern care of patients with chronic obstructive pulmonary disease (COPD) and emphysema, although it has no direct effect on airflow limitation [1]. However, pulmonary rehabilitation diminishes the systemic effects and co-morbidities of the disease and does so highly effectively as well as cost-effectively [2]. One of the consequences of COPD and emphysema is hyperinflation of
the lungs, which means that the resting volume or forced vital capacity, FRC is increased and can exceed tidal
volume [3]. Dynamic hyperinflation is the phenomenon when expiration is slowed and interrupted by the next
inspiratory effort, i.e. the situation where tidal inspiration begins before expiration is completed [3] [4]. The increased lung volume at rest means that the thorax is expanded from normal resting position and consequently
less expansion is available for inspiration. During physical exertion, respiratory frequency increases and the time
for emptying the lungs diminishes leading to even more hyperinflation and increased FRC. Dynamic hyperinflation can be diminished by reduction of respiratory rate resulting from exercise training and other treatments such
as oxygen, pharmacotherapy, and breathing retraining. This, in turn, unloads the respiration and reduces the
sensation of dyspnea [1].
The incentive for conducting this study was the clinical observation that our patients with severe COPD and
emphysema all, without exception, adopt the forward leaning position while training endurance on ergometer
bicycles. Therefore, we found it interesting to investigate whether type of respiratory movement in forward
leaning position differed from that in supine position, which is the resting position with the lowest metabolic rate
and presumably the least work of breathing [5]. This knowledge could lead to more informed advice to this patient
group.
Although the influence of posture on the sensation of dyspnea among patients with advanced COPD has been
known among clinicians for a long time, few studies were found on this subject [6]-[9]. O’Neill and McCarthy
studied the effect of posture on dyspnea in standing, sitting erect, sitting leaning forward, supine, right lateral
decubitus and left lateral decubitus positions, where the standing position served as reference. All patients in this
study complained of dyspnea at rest and practically all found relief in the sitting leaning forward posture, i.e. 83%
with moderate and 96% with severe COPD, while only 18% and 13% respectively found relief in the supine position [6].
The forward leaning position has been found to be associated with a significant reduction in electromyographic (EMG) activity of the scalene and sterno-cleidomastoid muscles, an increase in transdiaphragmatic
pressure inspiratory muscle pressure and a significant improvement in thoracoabdominal movements [6]-[9].
Confirmed knowledge about respiratory movement patterns among COPD patients in different positions is
important for physiotherapists in order to be able to give proper information and guidance to their patients. The
forward leaning position at rest and during respiratory distress is particularly of interest in this respect as no
study on upper-, lower-thoracic and abdominal respiratory movements among COPD patients with emphysema
in this position and condition was found. In a review article Gosselink stated that: “the forward leaning position
has been shown to improve diaphragmatic function and, hence, improve chest wall movement, decrease accessory muscle recruitment and dyspnea and by allowing arm or head support the accessory muscles contribute to
inspiration in this position” [10].
We therefore wanted to test two hypotheses:
1) Thoracic respiratory movements are greater in forward leaning position with arms supporting than in supine due to the more favorable recruitment of the thoracic accessory respiratory muscles (the pectorals and anterior serrate).
2) Thoracic respiratory movements in forward leaning position are decreased during respiratory distress due
to hyperinflation.
We consequently conducted the present cross-sectional study with the purpose of investigating the effect of
supine and forward standing leaning posture with support of the forearms on respiratory movement among patients with emphysema and COPD GOLD 3 and 4. In addition the purpose was to investigate respiratory movements in supine and forward standing leaning position among COPD patients during rest and dyspnea.

2. Methodology
In this cross sectional cohort study all consecutive patients admitted to Reykjalundur rehabilitation centre for
pulmonary rehabilitation diagnosed with emphysema and COPD GOLD 3 and 4 in stable condition (“defined as
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no change in FEV1 during the preceding three months”) [11] were asked to participate in the study until 24 had
accepted. The patients were examined by two specialists in pulmonary medicine (HJB and MA) and were excluded if they did not have emphysema, had lung cancer or were unable to follow instructions. All participants
gave written informed consent prior to participation. The Data Protection Authority and the Ethical Committee
(VSNb110600015/03.01) approved the study protocol. The same radiologist (PH) unaware of the patients’ condition evaluated radiographs obtained at the entry to the study to establish the presence of emphysema and to
exclude other serious conditions which could influence the outcome such as tumor, atelectasis or infiltration.
The position of the diaphragm was assessed as normal if the right hemi diaphragm dome was positioned at the
7th to 8th thoracic vertebral level, somewhat lowered at the 9th to 11th thoracic vertebral level and flattened if the
right hemi diaphragm dome was lower than at the 11th thoracic vertebral level [12]. Forced vital capacity, forced
expiratory volume in one second, forced expiratory volume in one second/forced vital capacity, total lung capacity, residual volume and functional residual capacity were measured using V-max Encore (VIASYS Healthcare
Inc./CareFusion 2004 Sensor Medics Corporation, Yorba Linda California).

2.1. Respiratory Movements
Prior to the measurements patients were asked standardized questions regarding diseases or trauma that could
adversely affect chest movements such as ankylosing spondylitis, neuro-muscular diseases, chest surgery and
trauma. Chest wall and abdominal motion was measured with the Respiratory Movement Measuring Instrument
(RMMI, MTT, Arleyni 8, 112 Reykjavik, ICELAND), which is based on 6 infrared sensors connected to a PC
computer through an analogue to digital converter. The RMMI measures postero-anterior diameter with a measuring frequency of 21 per second and accuracy is 0.0003 mm and comes with specially designed software.
Measurements using the RMMI have been found valid and reliable [13] [14] and have been used in clinical trials
[15]-[20].
Respiratory movements were measured in the supine position with 20˚ inclination of the head rest and in the
forward 45˚ leaning position with support of the forearms. The subjects put on protective glasses before the
sensors were turned on. Positioning of the sensors was performed by drawing a vertical line from the medial 1/3
of the clavicle on each side of the thorax to the abdominal wall lateral to the umbilicus. The infrared beams were
adjusted to fall on each of these vertical lines including one at the height of the 4th rib, one at the 9th rib, and one
lateral to the umbilicus. The sensors were then positioned 10 cm from these landmarks.

2.2. Procedures to Measure Chest Wall Excursion
Patients were specifically instructed to “neither move nor talk during the measurement”. Respiratory movements
during quiet- and voluntary deep breathing during 60 seconds were then measured. In both cases the computer
program counted respiratory frequency. The instruction to the patients prior to measuring deep breathing was:
“when I say breathe deeply now, you breathe in and out as deeply as you can in a slow rhythm and keep doing
so until I tell you to breathe normally again”.
Following these measurements the patients bicycled on a stationary ergometric bicycle (Monark Ergometer
RPE 915) with a working load of given proportion of maximal workload tolerated on the graded exercise test
(GXT) performed prior to the rehabilitation period, 33% during warming up for 5 minutes and 87% for 3 minutes. Immediately after dismounting the bicycle, the patients resumed the standing forward leaning position
and their respiratory movements were measured. Instruction to the patients was: “relax and recover from the exertion”. Dyspnea was measured using 0 - 10 visual-analogue scale at rest and at the end of the exertion [21].

2.3. Statistical Analysis
Descriptive statistics were used for all variables. For comparison of respiratory movements in the supine and
standing forward leaning position at rest and during respiratory distress Wilcoxon Signed Ranks Test was used
as the data were not normally distributed. The SPSS computer program 11th edition was used for calculations.

3. Results
Subjects were 8 males and 11 females recruited during the period from December 2nd 2011 to September the 28th
2012. Five subjects were excluded, three did not have emphysema, one had lung cancer and one was unable to
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follow verbal instructions during measurements. Socio-demographic data are shown in Table 1.
Nine subjects stopped smoking at the time of entrance to the rehabilitation program. No patient had paradoxical type of breathing (Hoover’s sign) at rest, during deep breathing or during distress and nine subjects had a
flattened diaphragm, among nine the diaphragm was somewhat lowered and 1 had a diaphragm in normal position. Lung volume and diffusion measurements are presented in Table 2.

Respiratory Movements
Respiratory movements during quiet breathing in two positions are shown in Figure 1. Data from the right side
is used in all graphs as movements in all positions and respiratory mode were symmetrical. Average respiratory
frequency in the supine position was 15.8 ± 3.5 and in the forward leaning position 13.7 ± 4.9. The difference
was not significant (p = 0.18).
During voluntary deep breathing in the supine position (Figure 2) thoracic movements were more dominant
than abdominal movement although the difference was not significant. In forward leaning position upper thoracic movement was significantly less than in supine position (p = 0.03). Type of respiratory movement changed
from thoracic dominant in the supine position to more even distribution in the forward leaning position, where
abdominal movement was slightly increased and thoracic movement decreased compared to the supine position.
Average respiratory frequency during voluntary deep breathing in the supine position was 7.4 ± 4.0 and in the
forward leaning position 7.9 ± 4.7 (p = 0.27). Respiratory movements during voluntary deep breathing in the supine and standing forward leaning position are shown in Figure 2.
Respiratory movements during quiet breathing
in supine and forward leaning position

mm
25
20
15
10

*

*
*

5

*

0
Abdominal

Lower thoracic
Supine

Upper thoracic

Forward leaning

Figure 1. Respiratory movements during quiet breathing in the supine and
standing forward leaning position. *p = ≤0.025.
Table 1. Socio-demographic data.
n = 19
Age in years

n = 19
BMI kg/m2

n = 10
Stop smoking in years

n=6
O2 in liter

n=6
Dyspnoea at rest Borg 0 - 10

Mean ± StDev

61 ± 7

23.59 ± 4.63

3.5 ± 2.76

2.5

1.75 ± 0.71

Range

45 - 74

15.60 - 31.10

0.5 - 11

0.5 - 11

1-3

StDev = standard deviation; BMI = body mass index; O2 = additional oxygen.

Table 2. Lung volume and diffusion measurements.
FVC %
predicted

FEV1 %
predicted

FEV1 %%
predicted

TLC %
predicted

RV %
predicted

FRC %
predicted

DLCO %
predicted

Mean

79.95

35.37

47.74

102.33

130.60

117.47

40.53

StDev

13.43

7.57

6.85

17.90

41.41

31.26

10.27

Range

51 - 112

26 - 50

36 - 59

70 - 136

81 - 221

68 - 176

22 - 57

FVC = forced vital capacity; % predicted = percent of predicted values; FEV1 = forced expiratory volume in one second; FEV1 % = forced expiratory
volume in one second as percent of forced vital capacity; FEV1 %% predicted = percent predicted of forced expiratory volume in one second as percent of forced vital capacity; TLC = total lung capacity; RV = residual volume; FRC = functional residual capacity; DLCO = diffusing capacity.
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Figure 2. Respiratory movements during voluntary deep breathing in supine and forward leaning positions. **p = 0.03.

Table 3 shows the results of bicycling to evoke respiratory distress.
Lower- and upper-thoracic movements were significantly less (p = 0.01 and p = 0.05 respectively) than abdominal movements in the forward leaning position immediately after physical exertion (Figure 3). The figure
also demonstrates the same type of respiratory movement during quiet breathing and distress in this position.
Respiratory movements in the standing forward leaning position show the same type of respiratory movements at rest and during respiratory distress (dyspnea).

4. Discussion
The novel result from this study is the effect of the forward leaning position with support of the forearms on respiratory movements during respiratory distress, where abdominal movements were dominant and lower- and
upper thoracic movements were significantly (p = 0.01 and p = 0.05 respectively) less than abdominal movements. This is in favor of our hypothesis two, which suggested decreased thoracic movements during respiratory
distress due to hyperinflation, placing the chest wall in near maximal expansion at functional residual capacity
and thus leaving small range of motion left for respiratory movement. No studies were found measuring abdominal-, lower- and upper-thoracic respiratory movements in the forward leaning position immediately after
physical exertion. Reports on dyspneic patients with moderate and severe COPD in the seated forward leaning
position demonstrate that diaphragmatic pressure is greater in this position than in supine, standing or seated
erect positions and is preferred for reduction of dyspnea by majority of patients [6] [7].
It is interesting to note that type of respiratory movement in forward leaning position is the same at rest and
during respiratory distress (Figure 3). During voluntary deep breathing in forward leaning position the range of
motion is almost the same at all three measuring sites.
During measurements of voluntary deep breathing the instruction to the patients was to breath as deeply as
possible and in a slow rhythm, enabling them to exhale more volume air than they do in distress. This could explain the greater thoracic movements during voluntary deep breathing than during respiratory distress and excludes the possibility of decreased range of motion as explaining factor for decreased movement in respiratory
distress. But since type of respiratory movement was the same during distress and at rest, another explanation of
reduced thoracic movement during distress could be the different neural pathways used for spontaneous and voluntary breathing [22] [23], where spontaneous breathing favors the diaphragm but during voluntary breathing
thoracic and abdominal movement are activated equally. The third factor to take into consideration is the gender
difference in voluntary deep breathing as men maintain abdominal type of breathing but women show nearly
equal ranges of movement for all three measuring sites and 58% of our subjects were women [18].
Researchers have found that type of respiratory movement during quiet breathing in the supine position is not
different among patients with severe COPD from non-symptomatic individuals [24] [25]. Our subjects showed
the same type of respiratory movement in the supine position as in those studies.
The general belief has been that thoracic respiratory movements increase in forward leaning position with
fixed arms due to increased activity of the accessory respiratory muscles [10]. Our results do not support that
notion as lower- and upper-thoracic movements were significantly (p = 0.02; p = 0.02, respectively) less in forward leaning position than in supine position during quiet breathing and upper thoracic during voluntary deep
breathing (p = 0.03). We therefore reject our first hypothesis. Other investigators using EMG and gastric pressure measurement have found increased diaphragm activity in forward leaning position and suggest that diaph-
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Figure 3. Respiratory movements in the standing forward leaning position at
rest and during respiratory distress. **p ≥ 0.01, *p ≥ 0.05.
Table 3. Data from bicycling with the purpose of generating respiratory distress.
Warm up

Dyspnoea

Work load

Dyspnoea

Watts

HR

SO2

Borg

Watts

%GXT

HR

SO2

Borg

Mean

21.05

90

95.47

0.95

53.68

87.2

116

92

5.5

StDev

8.57

13.66

2.04

1.13

21.14

11.04

17

2.48

0.96

Range

15 - 45

70 - 117

92 - 98

0-3

25 - 105

70 - 109

88 - 139

88 - 96

4-7

Hr = heart rate; SO2 = oxygen saturation; GXT = grated exercise test.

ragm muscle contraction could be more effective in generating movement in this position due to more favorable
length-tension state of the muscle [4]. They also found that EMG signals from neck and accessory respiratory
muscles in seated forward leaning positions showed decreased EMG activity from erect sitting or supine position and suggested that the muscles could generate more movement with the same amount of muscle recruitment
[4]. In view of our results the reason for less EMG activity is more likely to be less movement. Bhatt et al. on
the other hand, proposed that, with fixed arms the accessory muscles will splint the upper chest wall and thereby
improve diaphragmatic function, which is more in line with our results [26]. We suggest that these results indicate that the patients use this position to obtain less energy demanding breathing. The fact that respiratory frequency is not increased in forward leaning position, but rather a little less during quiet breathing than in the supine position, further supports our suggestion.
During voluntary deep breathing, type of respiratory movement in supine position was the opposite from what
was expected and from that among non-symptomatic men, where abdominal movement is dominant. Non
symptomatic women, however, show almost equal excursion of diaphragmatic and thoracic movements [18]. In
forward leaning position type of movement was also opposite to what was expected as the diaphragm showed
the greatest excursion. The different excursion of the diaphragm in the two positions has been explained by its
location in the thoracic cavity and its ability to contract in each position. This is somewhat surprising as the diaphragm has been thought to be of limited use when its position is as low in the thoracic cavity as among approximately half of our patients, as 9 subjects had flattened diaphragm, among 9 the diaphragm was somewhat
lowered and only 1 subject had normal position of the diaphragm. The difference in excursion of the lower- and
upper-thorax is more difficult to explain as the instructions to the patients were to breathe as deeply as they can
in a slow rhythm.
A pilot study on voluntary deep breathing in forward leaning position among 10 non symptomatic women
(unpublished data from MR) (Figure 4) showed type of respiratory movement which was in keeping with the
general belief that thoracic movements were increased compared to respiratory movements in supine position.
Our hypothesis was that the same would be the case among COPD patients, but although measured in the same
position and same respiratory mode with the same instrument, the type of movement turned out to be quite opposite. The reason for this is difficult to explain as the diaphragm has the same advantages regarding its position
within the thorax for both groups and hyperinflation can hardly be the only factor explaining less thoracic movement among the patients.
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Figure 4. Respiratory movement in the forward leaning position among
symptom free individuals and patients with COPD.

5. Limitations of the Study
The limitations of the study are mainly a small sample size and the lack of gender matched non-symptomatic
subjects as there is a gender difference in type of breathing during voluntary deep breathing in a symptom free
population. Another limitation is the combined subject group of GOLD 3 and 4 COPD patients. As we were not
able to find any plausible explanation why respiratory movements in the forward leaning position were less than
in the supine position we asked one of our subjects why she used this position and her answer was: “because it
opens up for my breathing and I am able to breathe more deeply and slower”; “the dyspnea decreases more rapidly when I use this position”. Further research is needed to investigate the scientific explanation for this finding. Future research is planned to demonstrate the activity of the diaphragm in the forward leaning position with
ultrasound and tidal volume measurements.

6. Clinical Relevance and Further Studies
This study indicates that forward leaning position with support of the forearms is a favorable resting position for
severe COPD and emphysema patients. Furthermore, instead of Nordic walking, walking with incremental forward leaning is worth trying.
Further study with greater sample size is needed. Investigating inspiratory muscle training in forward leaning
position among this patient group is of interest.

7. Conclusions
Hypothesis 1 stated that thoracic respiratory movements are greater in forward leaning position with arms supporting than in supine due to the more favorable recruitment of the thoracic accessory respiratory muscles (the
pectorals and anterior serrate). We reject this hypothesis as respiratory movements in forward leaning position
were less than in supine position during quiet breathing. This could explain why our COPD patients with emphysema and GOLD 3 and 4 use this position while bicycling.
Hypothesis 2 stated that thoracic respiratory movements in the forward leaning position are decreased during
respiratory distress due to hyperinflation. Our results support this hypothesis as lower- and upper-respiratory
movements were significantly less than abdominal movements in forward leaning position during respiratory
distress. However, the thoracic respiratory movements during voluntary deep breathing are greater than during
distress, indicating that the reason for less movement during distress is not restriction in range of motion.
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