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a b s t r a c t

Structured Light Plethysmography (SLP) is a non-invasive method to study chest and abdominal
movement during breathing and can identify abnormal contributions of the different regions of the
chest.

M.D hospitalized for pneumonia, underwent SLP and spirometry at admission (T0), after 48 hours (T1),
and after one month (T2). SLP parameters showed expiratory flow limitation, information consistent
with the spirometric parameters collected, and reduced motion in the area effected by pneumonia, with
improvement and normalization at T1 and T2.

This method gave useful information about the contribution to the respiratory movement of the
lung area affected by pneumonia so we can speculate a possible use in the follow-up of children
affected by pneumonia or other respiratory diseases, and who are not able to perform a spirometric
test.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Structured Light Plethysmography (SLP) is a new non-
invasive method that captures and records real-time func-
tional images of chest and abdominal movement, which may
allow a better understanding of patient respiratory function.
The system measures breathing motion using a grid of light,
tracked by a digital vision system of 2 cameras. Thoraco-
abdominal (TA) wall movement during breathing is analyzed
and displayed in terms of regional movement parameters as
well as a 3D-reconstruction [1].

In addition to showing the breathing pattern of the patient on a
TA wall displacement-time graph and in a dynamic 3D-repre-
sentation, the SLP tidal breathing equivalent of flow/volume graph
is available for immediate identification of inspiratory or expira-
tory flow limitation. It is also possible to subdivide the 3D-rep-
resentation to provide both graphical curves and numerical
parameters for selected regions, to allow examination of
).
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abnormal contribution to the TA displacement of the different
regions of the chest.

It has been shown that SLP is able to detect a dynamic change in
right compared to left thoracic wall motion [2]. A reduction in chest
wall motion was apparent after thoracic surgery on the side of the
incision and this was especially marked in patients undergoing a
lobectomy rather than a wedge resection [1].

We propose that this new technique could have a potential
application, in the follow-up of patients affected by acute pulmo-
nary disease [3].

2. Materials and methods

M.D., 15 years old, was hospitalized in the Paediatric Depart-
ment of Verona University for left superior lobar pneumonia. At
admission, M.D. had persistent fever and cough even though anti-
biotic therapy (amoxicillin and clavulanic acid) had started 5 days
before.

SLP (Thora-3Di, Pneumacare Ltd) was performed for 2 minutes
at admission (T0), after 48 hours from the start of therapy with
ceftriaxone and clarithromycin (T1), and after one month (T2).
Chest radiographies were performed at admission and after one
month to assess the parenchymal resolution of the pneumonia.
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Table 1A
Respiratory function values at T0, T1 and T2.

T0 T1 T2

Pre b2 Post b2 Pre b2 Post b2 Pre b2 Post b2

FEV1% 81.9% 85.2% 80.8% 89.3% 125.2% 123.4%
FVC % 79.7% 77.4% 75.7% 80.5% 112.9% 109.9%
FEV1/FVC % 101.7% 108.9% 105.5% 109.8% 109.7% 111.0%
MMEF 75-25% 39.7% 80.8% 73.1% 89.1% 129.0% 126.4%

Table 1B
SLP data collected at time T0, T1 and T2.

T0 T1 T2

IE50 1.87 1.33 1.10
Relative expired left 44% 46% 52%
Relative expired right 56% 54% 48%
Principal angle (left VS right) �6.4� �4.4� 2.0�

Principal angle (upper left VS upper right) �15.5� �7.2� �2.1�
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The following SLP parameters were considered:

� IE50: the ratio of inspiratory flow at 50% of tidal volume (VT) to
expiratory flow at 50% of VT, where VT is taken to be the exhaled
chest wall movement, and flow is taken to be the time-
derivative of chest wall movement. Increased value of IE50
suggests expiratory flow limitation;

� Relative Expired Contribution: the ratio of a region's expired
movement change to the tidal volume, where VT is taken to be
the total exhaled chest wall displacement, averaged over all
breaths in the current selection; in this case we have taken into
consideration the Relative Expired Contribution between Right
and Left side.

� Principal Angle: it is the angle of the dominant axis of the
Konno-Mead (KM) loop relative to the 45� line [4]. It provides
information similar to Relative Expired Contribution, and show
comparison in the contribution of different region. In this case
we have taken into consideration the Principal Angle between
the Left Side VS Right Side, and between Upper Left Side VS
Upper Right Side using the facility in the device software to
select and compare a customized regions.

At T0, the patient showed stable general conditions, body
temperature 38 �C, respiratory rate 24/min and oxygen saturation
95%. Crackles and rhonchi were noted at the upper left lung field,
both front and rear.
Fig. 1. Komno-Mead plo
Laboratory data revealed mild leukocytosis (white blood
cell count 8.680/mm3) and C-reactive protein increased (77
mg/l).

At T0 a spirometry was performed with FEV181.9% and negative
result of the bronchodilation reversibility test (complete results
shown in Table 1).

SLP was performed and, for the 3 parameters we took into
consideration, the following data were observed: an increased
value of the IE50 (1.87) respect to standard normality value around
1.20 suggesting the presence of a condition of expiratory flow
limitation; a Relative Expired Contribution of Left 44% and Right
56% showing a difference between the total right and left side that
for healthy patients should be equal; a Principal Angle of �6.4�

showing a lower activity of the Left side.
In addition, a Principal angle of �15.5� showed a lower activity

in the custom area of upper left side, that involved by pneumonia
(complete results shown in Table 1, Fig. 1).

Antibiotic therapy with ceftriaxone and clarithromycin
was started. M.D. had a progressive resolution of fever,
improvement chest objectivity and also the oxygen saturation
normalized.

After 48 hours from the start of the therapy (T1) a spirometry
was repeated with FEV1 80.8% and positive result of the broncho-
dilation test. At T1, SLP before bronchodilation showed a lower
value of IE50 (1.33), suggesting an improvement in the expiratory
flow limitation; a more symmetrical Relative Expired Contribution
of Left 46% and Right 54% and a Principal Angle of �4,4�, and also
between the Upper left side VS Upper right side a Principal Angle
of �7.2�, suggesting the improvement of activity of area interested
by the pneumonia (Fig. 1).

Because of the normalization of the general conditions and of
the oxygen saturation after 3 days the patient was discharged.

At T2 chest X-ray was repeated and showed parenchymal res-
olution of the pneumonia; a spirometry was repeated with
normalization of FEV1 125.2%. SLP evaluation indicated normaliza-
tion of IE50% (1,10); a normalized contribution between Left and
Right side (Relative Expired Left 48% Right 52%) and a more
balanced activity between the 2 upper sides (Fig. 1).
3. Conclusions

SLP was able to give information consistent with spirometric
parameter, i. e, both FEV1 and IE50 were high at the admission and
showed progressive normalization. This method also gave useful
information about the contribution to the respiratory movement
of the lung area affected by the pneumonia and the normalization
t at T0, T1 and T2.
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of this parameter with the therapy managed, through the analysis
of the change in left compared to right thoracic motion. The data
collected by SLP are consistent with radiological findings. There-
fore, it is tempting to speculate a possible use of SLP in the follow
up of paediatric patients affected by acute pneumonia, to evaluate
the functional improvement of the lung area affected by the
disease.

This new method could be proposed to potentially evaluate the
effectiveness of the therapeutic procedure in patients affected by
pneumonia, reducing RX exposure in the follow-up.

SLP requires minimal patient collaboration and is not invasive,
allowing respiratory function analysis in patient populations inca-
pable of performing spirometry, for any reasons (neurological pa-
thologies or age).

The finding from this case report warrants further studies
designed to assess normal values in paediatric patients and to
evaluate the potential use of SLP in the follow-up of children with
pneumonia.
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