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Literature shows that even professionals tend to perform manual cardiopulmonary
resuscitation (CPR or heart massage) with a too high frequency and inadequate depth.
To improve CPR, a sensor device that gives feedback with respect to frequency and
depth of the thorax compression is placed on the sternum. In order to optimize the
design of this sensor device, the variation in width of the sternum and the shape of the
sternum should be known. In 120 CT-scans the sternum width was measured in 4 age
groups: in each groupl5 males and 15 females. As a design guideline, the sensor device
should have a width between 28.8 mm and 47.2 mm with a design recommendation for
38 mm width and be adapted to the uneven surface of the sternum.
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1 Introduction

According to the Guidelines of the American Heart Association (Consensus/lieet

2005) the CPR must be exerted by “push hard, push fast” 100x/min. After every
compression of thorax a full relaxation needs to take place. Apparently it caildiffi

realize the correct compression depth combined with a compression frequency of about
twice a second. In a study of Aufderheide (ref 5) it was shown that more than 50% of
professional emergency medical services personnel produced an inadequate depth of
compression in a manikin.

Figure 1. To the left. Redesign of sensor device. To the right. Sensor device in use.

Research on CPR quality (ref 3, 5) has led to the development of a technical tool to
support CPR. This newly designed sensor device (by Laerdal Medical AS) plac

the sternal bone, could be of utmost importance in supporting optimal cardiopulmonary
resuscitation. The sensor device was redesigned by Pedersen (2006 grjlstia¢hing

of the product currently on the market, for the company Laerdal Medical ASgse® f

1. The best possible fit to the surface of the human body was wanted. Literature showed
that there have been relatively few anthropometric studies on the human stefrium (re



2, 4) providing old data or data from other populations. This motivated the present
research into the size and shape of the sternum. Where the sensor device is wider than
the sternum resuscitation with the device can possibly result in broken ribs (ref 7, 8
which can lead to further complications. Although this risk is accepted, as the goal t

get a person back to life is paramount, still minimal damage is preferrechgfani

minimal collateral damage is part of the optimization of the device. More dat@ on t
sternum width and shape is needed. The device should fit on all patients from age 12
and up. A sensor device in various sizes would be inconvenient for the logistics in the
ambulance because of the constricted space and the large amount of othealtechnic
devices present there. A “one size fits all”-product is recommended.

2 Objectives

The objective of this study is to obtain data about the size, mainly the width and the
shape, of the human sternal bone in order to be able to optimize a sensor device that is
used during CPR.

3 Methods

In a retrospective study, approved by the Medical Ethical Commission ofabm&s
University Medical Centre Rotterdam, CT scans of the thorax were evaluigted w
respect to size and shape of the sternal bone. Inclusion criteria wengspatth a CT-
scan of the thorax for oncologic staging or follow up and primary pulmonary disease.
Patients with primary bone disease, bone metastases, primary tumors of the
mediastinum, trauma of the thorax, congenital deformities and sternotomy were
excluded.

120 patients were divided in 4 different age groups with equally divided gender. These
age groups, 12-20 yrs, 21-36 yrs, 37-50 yrs and 51-90 yrs, were based on the
development of the sternal bone during the process of aging. Up to 12 years the sternal
bone is not fully ossificated, which makes detection of the exact sternal contour
unreliable, which is why the age group <12 is left out.

Figure 2. From left to right: a) The views referred to in this document: Coronal or
Frontal view (YZ), Sagittal view (XZ) and Transversal view (XY) on the &imody;
b) The sternal bone and the cartilage attaching it to the ribs (Gray Anatomy, d)918)
Where on the sternum the measurements are made.



The CT scans of the thorax consisted of contiguous axial slices of 2.5 mm. The width of
the complete sternum, i.e. manubrium, corpus and xiphoid process, was measured, but
only the slices of the corpus, i.e. the body of the sternal bone, were used for the.analysi
The measurements were performed using MeVisLab a software prograshetéeed

the sternal bone by the grey-scale value of the bone on the CT-scan. Aftentsdigme

of the bone the sternum was isolated and coloured orange. A bounding box closed
around the external contour of the segmentation of the sternal bone and the width of the
bounding box was stored in a data-file. Most measurements were performed manually,
this mostly because the patients were not positioned horizontally on the table @f the C
scanner, which again leads to different values for the bounding box width and the
largest width of the sternum. The resolution on the computer screen was the saline for
samples.

3.1 Validation of the data

Both an intra- and inter-observer validation were performed on three patiersets
from different age groups representing both genders were measurety\ictn
Pedersen and Hermans. The Pearson coefficient for the intra correlations dtaiwed t
the repeated measurements did not differ significantly. The Pearsonieotsfivere
higher than 0.990 for the correlations on all tests and all patients. The interiwalidat
also indicated sufficient repeatability, again with a Pearson correlagber than

0.990.

3.2 Visual control of segmentation

Visual control was performed on the colouring of the segmented area. If the
segmentation did not satisfactory overlap the contour of the bone, the grey values were
manually adjusted for optimal performance of the automatic measuremembriunct

When the results of the visual controls were still not satisfactory, the regesus

were performed totally manually.

3.3 Pilot study on children’s chest depth

The age group from 1-11 yrs was left out of this research. However a piloctesees
done on the chest depth for this group to see whether this could give interesting data
related to CPR for this age group. The chest depth is linked to the heart compressions
and how far it is possible to compress the thorax of a child. For children the guidelines
(American Heart Association) say that the thorax should be compressed betveen 1/
(ref 6) and 1/2 of the total external chest depth. The external chest depth of thorax a
well as the internal chest distance was measured on the CT-scans. Tia afitest

depth was defined as the hollow space: the distbeteeen the anterior point on the
thoracic vertebral column and the posterior point on the sternum. Six persons were
measured in this pilot.

4 Results

120 patients were measured. Table 1 shows the 95% confidence interval of the mean
values for the largest width of the corpus sternum for the different groups. talilas

the span of the mean values from about 31 mm to about 44 mm (within the 95%
confidence interval of the mean values) show the values that are recommended for the
width for use in design guidelines for the sensor device. The older the patient the wider
the sternum is a general conclusion, see table 1



Table 1. The largest width (mm) of corpus sternum for all subjects. The mean value is
the mean of the largest width for that age group and the 95% confidence interval shows
the lower and upper bound around this mean.

Figure 3 shows the variation in largest width depending on age group. Figure 4 shows
the distribution of the largest width for all patients. This figure shows thatehe m

value does not differ much between the different age groups. It illustratessbringa
behind the recommended width for the design of the CPR sensor device. To take into
account the relative small sample and the non-traditional measurement gdifgsrc

P10 (28.8 mm) and & (47.2 mm) are considered as reasonable boundaries of the
decision space for the CPR sensor device.

Figure 3. At the left. Variation of the largest width (mm) of the corpus stepauirage
group (years). Figure 4. At the right. Distribution of the largest width ofohgus
sternum for all patients.

The bar diagram in figure 4 shows that despite the age distribution from 12 to 80 years
the largest width is centred around 31 mm to 44 mm. This supports the conclusions on
sternum width by Jit et al. (1), although they measured other places on the sternum and
their measurements were not performed with help of CT-scans but in situ.



4.1 Gender and sternum size

The estimated mean width of corpus sternum for age group 12-20 yrs is 45 mm for male
and 39 mm for female, for age group 21-36 yrs it is 40.5 mm for male and 39 mm for
female, for age group 37-50 yrs it is 39.5 for male and 39 for female, for age group 51-
90 yrs it is 36 for male and 30.5 for female. This shows that for each of the age groups
the tendency is that the male measures are larger than the femaleeshdasyeneral

there is a difference between the genders and the female bone is @malldth) than

the male sternum bone. The results of Jit et al. (ref 1), who also found a difference in
sternum size between the genders, support this finding.

4.2 Correlation between largest width and largest length of the body of the sternal bone
Linear regression was done on the values for the length of corpus and the ladtfest wi

of corpus. The scatter-plot in figure 5 shows the relation between the lengtid(¥jea
largest width (X) of the corpus of the sternal bone. The linear relation indibates

longer corpus sternum is likely to have a larger width as well. The formula for the
correlation line is Y-length= 16.1 + 2.25X-width.

Figure 5. Scatterplot (n=120) of the largest width of the corpus (mm) againshgtle |
of the corpus (mm).

4.3 Width of corpus 2 cm above xiphoid

The only reference point for the medical staff for CPR is 2 fingers (ajppatedy 2 cm
distance) up from the xiphoid, where the instruction says the hand is to be positioned.
The first slice above this point (moving from xiphoid upwards towards the manubrium)
was used to compare the width of the sternal bone for all subjects. Every sterrasm vari
in length, thus the relative position of this point on the bone will differ between the
patients by the use of this approach. The mean of the width at this point has a range
from about 28 mm to about 33 mm. The sternum is thus in general narrower at 2 cm
above the xiphoid than at the widest point of the bone.



4.4 3D images of the sternum

The most special finding for the coronal view (Fig. 6) is that the sternum ataanig f

in very wide and flat shapes. This observation was made while turning the 3D picture
the segmented areas of the slices, looking from more angles on the screemagjittéde s
view (Fig. 7) the variation in shape ranges from a flat with one bend on the curve to a
wave-shaped cross section. The point on the sternum where the strongest bending
occurs varies. As a rule, the sternum is not flat in the sagittal plane. The safes
conclusion is to make a design guideline demanding that it should be possible to use the
device should on a sternum with an uneven, bended surface

Figure 6. Groups of pictures of slice 3D images, coronal view.

Figure 7. Groups of pictures of slice 3D images, sagittal view.



4.5 Pilot study on children’s chest depth

The values of the internal chest depth varied from 7.3 cm to 10.1 cm and the external
chest depth from 13.2 cm to 20.4 cm. The internal chest depth ranged from 50% to 55%
of the external chest depth. The external chest depth is comparable with the range
measured in Steenbekkers 1993 (ref 9), the range in that research was 11 cm to 25 cm,
measured on 2400 children.

5 Discussion

It is important to understand that anthropometry measured from CT scan imagss diffe
from measuring body dimensions from people in real life. The contour of the sternum
bone is always difficult to determine on a scan because of the difference icatissif

of the different bones. The segmentation and colouring eased the reading aGigbe im
material, but for better data quality all slices were checked visuallyetder the

difficulty connected to reading the picture material is a source to error.

Because our Rotterdam sample cannot be precisely described in termsaityethni
height and weight, we cannot predict what the influences of these parameters ar

6 Conclusion

The most important outcome of this study is the information on the width of the

sternum. From the measurements, it follows that this width varies between 20dmm a

60 mm over all age groups between 12-90 years of age. This large variation makes it
difficult to find a suitable width for the sensor device that will fit all patigrerfectly.

The mean values of the largest width of the sternum however represent a mueh small
range. Therefore we chose to look at the 95% confidence interval, which ranges from
28.8 mm to 47.2 mm (the;fand Ro). Since the situations in the ambulance lead to a
preference for a “one size fits all’-product, one width should be recommended. From
the variation in width it is concluded that a width of 38 mm for the width of the CPR
sensor device is suitable. This is the mean value of the mean values of all patiimts

this value there is a balance between the risk on broken ribs and enough area to exert for
the necessary compressions. This width is suitable for all age groups and both for
female and male. The device should fit on a slightly bended surface conform the shapes
of the sternum in figure 7.

The pilot study on chest depth of children showed that the maximum space that can be
compressed by CPR, between the anterior point on a thoracic vertebra and tinar poste
point on the sternum is about half of the external chest depth. When the chest, as
recommended, is compressed with a maximum of half of the external chestetiam

the sternum touches the vertebral column. Further research is thereforenssmied to

find out whether 50 % compression of the thorax in a child is too much.
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