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Abstract 
When someone is suspected to have died from drowning an autopsy is carried out. There are 
no characteristic signs for drowning. The diagnosis relies primarily on critical examination of 
the subject’s individual characteristics, circumstances and postmortem macro- and 
micropathologic changes. Above all, the lungs are studied and the lung volume is 
investigated.  
 
Because of the difficulties in concluding whether a person has drowned or not, it is interesting 
to investigate if there are differences between drowned and other deceased. Information that 
could be relevant for postmortal diagnosis of drowning was studied. With postmortal CT 
images lung volume, mean attenuation, anterior-posterior difference, lung density profile and 
amount of water within the lungs were investigated. 
 
This report also evaluates three examples of software that calculates lung volume from 
postmortal CT images: Siemens’ Syngo Pulmo CT, Siemens‘ Volume Evaluation and GE 
Medical Systems’ Volume Viewer. The method used at autopsy was also studied. The 
repeatability and validity were tested and sources of errors identified. 
 
Repeatability and validity for the three tested types of software were acceptable, while the 
method used at autopsy had to be improved. The study also showed that lung volume related 
to length, anterior-posterior difference and lung density profile seemed to vary between the 
two groups, drowned and other deceased. The three measures might conclude whether a 
person has drowned or not. 
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1 Introduction 
This chapter is an introduction to this report. A formulation of the problem and aim of the 
thesis will be presented. 

1.1 Formulation of the problem 
When a person is suspected to have died from drowning an autopsy is carried out. There are 
no characteristic signs for drowning. The diagnosis relies primarily on critical examination of 
the subject’s individual characteristics, circumstances and postmortem macro- and 
micropathologic changes. Above all, the lungs are studied and the lung volume is 
investigated.  
 
At present all drowning deaths, without attempts to resuscitation, in Linköping are subject to 
examination with computed tomography (CT), as a complement to the autopsy. This opens a 
number of possibilities, as it is possible not only to calculate the lung volume, but also to 
investigate, e.g., the mean attenuation, the anterior-posterior (AP) difference in attenuation, 
lung density profile and the amount of water in drowned lungs. 
 
Earlier the volume was calculated at autopsy by means of Archimedes’ principle. This 
approach is not a scientifically tested method, but with the CT it is possible to compare that 
volume with a volume obtained with computerized measurement. There were three different 
types of software and a problem was that none of these, or the autopsy method, gave the same 
result as for another method. The reason for this had to be investigated. 

1.2 Aim of the thesis 
The aim of this thesis is to evaluate software that calculates lung volume from postmortal CT 
images, to identify sources of errors and to suggest alternative methods to gain information 
relevant for postmortal diagnosis of drowning.  
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2 Background 
In this chapter some relevant theory is presented to give the reader background information on 
the topic of the thesis. First the lungs; anatomy, histology and pulmonary ventilation, will be 
presented. Then death by drowning and computed tomography; generation of X-rays and its 
interaction with the human body, detection of X-rays and artifacts will be handled. Finally 
mean lung density, AP difference, lung density profile and amount of water in the lungs will 
be processed. 

2.1 The lungs 
The lungs are a part of the respiratory system, which also consists of the nose, pharynx 
(throat), larynx (voice box), trachea (windpipe) and bronchi. A short description of the lungs 
and pulmonary ventilation will follow. 

2.1.1 Anatomy and histology 
The lungs are situated in the thoracic cavity which is limited by the diaphragm and the thorax. 
They are separated by a thick wall, mediastinum, which also contains the heart, trachea and 
esophagus [1]. The subathmospheric pressure on either side of the mediastinum keeps the 
lungs expanded. The separation brought about by the mediastinum can be seen as a safety 
measure, as a trauma might cause one lung to collapse while the other lung would still remain 
expanded [2]. 
 
The lungs are cone-shaped and the left lung is approximately 10% smaller than the right one. 
This is due to the heart space, so the heart will fit in thorax. Even if the right lung is wider and 
thicker, it still is a little bit shorter than the left one. The reason for this is that the diaphragm 
is higher on the right side, due to the liver displacing the right hemidiaphragm. To fit over the 
convex diaphragm, the base of the lung is concave [2]. By one or more fissures each lung is 
divided into lobes, the left lung into two and the right one into three. Each lobe is well 
defined, which makes it possible to remove one whole lobe if pathological changes appear 
[1]. 
 
The lungs are dressed in two layers of serous membrane, collectively called the pleural 
membrane. These are supposed to protect and enclose each lung. Between them is a small 
space, the pleural cavity, where there is an intrapleural pressure. This will help to expand the 
lungs during inhalation. The membranes also secrete a small amount of fluid into the pleural 
cavity. The fluid makes it easy for the membranes to slide over one another during breathing. 
[2]. 
 
On the medial surface of the lung is an area called hilus. Through the hilus enter and exit 
bronchi, blood vessels, lymphatic vessels and nerves to the lung. All this is held together by 
the pleura and connective tissue, together constituting the root. The pulmonary vessels have a 
unique feature in that they respond to localized hypoxia (low oxygen level). When all other 
body tissues dilate their blood vessels to increase the blood flow to a tissue that is not 
receiving adequate oxygen, the lungs instead divert blood from poorly ventilated areas to 
well-ventilated regions of the lungs. This serves to oxygenate as much blood as possible [2]. 
 
Air reaches the lungs by the trachea which divides air to both left and right lung, Figure 1. 
After the dichotomy, the trachea becomes bronchi. Each lobe receives its own bronchus. 
Bronchi then become bronchioles, then alveolar ducts, alveolar sacs and finally alveoli. The 



amount of alveoli in the lungs is approximately 3×108 and their total area 70 m2. Across them 
the exchange of oxygen and carbon dioxide occurs [1]. 
 

 
Figure 1. Anatomy of the lungs. (a) Gross structure of the lungs and associated respiratory tree. (b) Close-up 

view of the relationship between the bronchioles and the alveoli [27]. 

2.1.2 Pulmonary ventilation  
Respiration consists of three mechanisms: pulmonary ventilation, external respiration and 
internal respiration. Pulmonary ventilation consists of inhalation and exhalation of air to and 
from the lungs; a person at rest takes approximately 12 breaths per minutes, children and 
elderly more. The external respiration exchanges gases between the alveoli and the blood in 
pulmonary capillaries. The pulmonary capillaries gains oxygen and lose carbon dioxide. 
Finally the internal respiration exchanges gases between blood in systemic capillaries and 
tissue cells; blood loses oxygen and gains carbon dioxide [2]. 
 
In brief, the inspiration is performed through volume expandation of the lungs. The 
diaphragm contracts, the chest expands and the lungs are pulled outward. Boyle’s law says 
that when volume increases, pressure decreases. So when the lungs expand, the volume inside 
become larger and the pressure is lowered. When the pressure is lower than the atmospheric 
pressure, air will flow into the lungs to level out the pressure. In expiration, the course of 
events is the opposite. As the volume decreases, the diaphragm relaxes and the lungs recoil 
inward, air will flow out of the lungs [2]. 
 
The exchange of oxygen and carbon dioxide is a passive diffusion following Dalton’s law. 
Dalton’s law says that a gas diffuses from an area where its partial pressure is greater to an 
area where partial pressure is less. The larger the difference in pressure, the faster the 
diffusion will be [2].  

2.2 Death by drowning 
The definition of drowning is death caused by submersion in an airless medium. The sequence 
of events is the following: a person who comes beneath the surface will hold her/his breath. 
During breath-holding, the carbon dioxide level will get higher and oxygen concentration 
lower. At a certain point, a breaking point will be reached and the person will involuntary take 
a breath and take in a large volume of water. Some water may also be swallowed. The person 
may vomit and aspirate some gastric contents. The gasping for air will continue during several 



minutes until the respiration finally ceases. Cerebral hypoxia will continue to develop until it 
is irreversible and death occurs. Consciousness will be lost before death [3]. 
 
Contrary to popular belief, waterlogged lungs are not a certain sign of drowning. In atypical 
drowning, 10-15% of all drowning, the lungs seem normal in all respects. The explanations 
for this can be that all water has been absorbed through the alveolar walls into the plasma [4] 
or that water never enters the lungs. In the latter case, a laryngeal spasm is the explanation, 
and a plug developed by thick mucus, foam and froth stops the water [3]. However, even if 
the lungs are heavy with the water, the appearance is not, in general, distinguishable from 
pulmonary oedema, seen in heart failure, drug overdose and head injury [5].  
 
There are no characteristic signs for drowning, which make it difficult to conclude if a person 
has in fact drowned. The diagnosis relies primarily on critical examination of the subject’s 
individual characteristics, circumstances and postmortem macro- and micropathologic 
changes. The diagnosis can also be complicated by cardiopulmonary resuscitation attempts or 
by a long time elapsed between death and autopsy. As time passes, the signs progressively 
fade. Once putrefaction has occurred, there is hardly any chance to find positive signs of 
drowning [4]. Drowning is thus diagnosed by exclusion and based on the circumstances and 
some non-specific anatomical findings [3].  
 
In classic drowning (not atypical), there are some useful signs of drowning [6]. One of them is 
froth in the air-passages, which will indicate that the victim was alive at the time of 
submersion. This will, however, only show for a short time after death. The froth is oedema 
fluid from the lungs, and consists of a proteinaceous exudate and surfactant mixed with water 
of the drowning medium [4]. It is usually white, but can be pink due to intrapulmonary 
bleeding. Froth can thus appear in other conditions, for example in an individual dying of a 
drug overdose or heart failure [6]. 
 
Another valuable positive sign of drowning is overinflation of the lungs. The lungs are kept in 
the inspiratory position by oedema fluid in the bronchi. This prevents the lungs from 
collapsing, which they usually do after death. In addition, there is often an element of over-
distension caused by the valvular action of the bronchial obstruction. The lateral surfaces of 
the lungs will be marked with the impression of the ribs [4]. The lungs will completely 
occupy their respective pleural cavities [3]. 
 
The micropathological changes that may occur in drowning are enlarged ruptured pulmonary 
alveoli which cause acute emphysema, pulmonary haemorrhage and stretched plethoric blood 
vessels [4]. 

2.3 Computed Tomography 
Computed tomography (CT) is a diagnostic procedure that makes it possible to obtain cross-
sectional pictures of the body. It uses special X-ray equipment and the results are detailed 
images which reflect the fine structure of the lung accurately [7]. In the project, the Siemens 
SOMATOM Sensation 16 was used, Figure 2. This is a multislice CT with up to 16 sub-mm 
slices down to 0.5 mm resolution and rotation time down to 0.4 s [8]. 



 
Figure 2. Siemens SOMATOM Sensation 16 [8]. 

2.3.1 Generation of X-rays and its interaction with the human body 
To generate the X-rays used in CT, an X-ray source is needed. The X-ray source consists of a 
cathode and a rotating anode. When a current passes through the cathode, electrons are 
emitted. These are accelerated by a voltage between the anode and the cathode, through 
vacuum, towards the anode. In the anode, the electrons are slowed down and eventually 
stopped. The electrons transfer a great part of their energy to the atoms in form of ionizations 
and excitations, and heat and X-rays are produced, Figure 3 [9]. 
 

X-ray tube

electron source

X-rays

patient

electronsanode

X-ray detector  
Figure 3. Electrons are emitted from the electron source towards the anode. In the anode the electron transfer a 
great part of their energy to the atoms. Heat and X-rays are produced. The X-rays are sent towards the patient. 

The detector detects the photons that pass through the patient. 
 

Bremsstrahlung is the main source of X-rays produced by X-ray tubes. This phenomenon 
appears when an electron passes near and become deflected by an atomic nucleus. The 
electron then loses velocity and a part of its energy is emitted in form of a photon. The 
photons will continue and enter the body. In the body, they will interact with the body atoms, 
giving rise to a variation in transmission of photons that will meet the detector on the other 
side of the body [9]. 
 
The interaction in the body depends on the material’s atomic number and the energy within 
the photon. The two most common ways of absorption are Compton scattering and 
photoelectric absorption. At low atomic numbers, like most human tissue, Compton scattering 
dominates. This means that the incident X-ray photon deflects an electron in matter, the 
electron is released and the photon energy is reduced. At higher atomic numbers, but low 
energies, the photoelectric effect is the most common phenomena. This means that the photon 



transfers its entire energy to an electron. The electron thereby acquires enough energy to free 
itself from the material. Subsequently, the ionized atom returns to the neutral state with the 
emission of an X-ray characteristic of the atom [9]. 

2.3.2 Detection of X-rays 
During a CT examination, the patient is irradiated from different angles to get several of 
projections, and several X-ray detectors are therefore used. The detectors detect the photons 
that pass through the body. For each projection a dose profile is generated. When all 
projections have been acquired, an image is created [10].  
 
The most commonly applied method to create an image is with the filtered back-projection 
algorithm. It relies on the Fourier slice theorem, which can reconstruct an object, provided 
that enough information is available. The projections have to be collected for a large number 
of angles. In such a data set statistical fluctuations will appear as high-frequency noise in the 
spatial frequency domain.  
 
One drawback of this method is that these will be unproportionally amplified. To reduce this 
effect additional filters are used. These are mathematical functions which are multiplied by 
the data in the process of transformation. All the one-dimensional elements are then put 
together to a two dimensional picture and can be shown on a screen [11]. 
  
During image reconstruction the intensity at each voxel is represented by a numerical value, 
the linear attenuation coefficient (µ). To reduce the energy dependence of radiation and to 
obtain a value of convenient size, this is expressed in Hounsfield units [HU] as  
1000×(µ - µwater)/ µwater. In this form, water has the density value 0, air -1000 HU and lung 
tissue is between -900 and -500 HU [12]. 

2.3.3 Artifacts 
In CT, some details of interest can be obscured or the density value of a single material 
changed in certain parts of the image, this is called artifacts. Two common artifacts are beam 
hardening artifacts and blurring artifacts [13]. 
 
Beam hardening artifacts will make contours of an object brighter than the centre, even if the 
whole object is made of the same material. An explanation of this is that conventional X-rays 
have a polychromatic spectrum; the photons emitted from the X-ray tube do not all have the 
same energy. The low energy beams are more easily attenuated which results in a higher 
mean X-ray energy than the incident beam, “hardening” of the beam. As the beam passes 
through an object the effective attenuation coefficient of any material diminishes. Short ray 
paths become more attenuating than longer ray paths. A big problem with this is that in 
irregular objects it can be difficult to distinguish beam hardening artifacts from actual material 
variations. To avoid these kinds of artifacts possible means are pre-filtering X-rays, avoiding 
high X-ray absorbing regions if possible, and applying appropriate algorithms [13].  
 
Blurring artifacts refer to a blurred appearance of a structure in a CT image, e.g., a sharp edge 
in an image appearing blurred. This is mainly due to the sizes of the X-ray source and the 
detectors. Blurring artifacts are also called partial volume averaging, because the attenuation 
value of a voxel is an average of attenuation distribution in a neighborhood of the center of 
that voxel. These kinds of artifacts are certainly unwanted when examining fine details, for 
example the middle and inner ear, and can be avoided by applying appropriate algorithm [14]. 
 



2.4 Mean lung density 
The physical lung density is determined by the contribution of its various components: air, 
blood, extra vascular fluid and lung tissue [15]. There have been a number of studies on mean 
lung density among healthy men. These show that lung attenuation will range from -950 HU 
up to -400 HU, with only a few areas less than -900 HU [16].  
 
Mean lung density is highly dependent of the degree of inspiration and range from -760 HU at 
20% of vital capacity down to -860 HU at 80% [16]. The low Hounsfield value of air is the 
reason for the big differences in attenuation during respiration. During inspiration, the lungs 
contain more air and accordingly have lower mean density [17]. The mean lung density does 
not change with increasing age (among adults), but children under ten years have a higher 
mean, around -600 HU [16]. 
 
An application area for mean lung density could be to diagnose lung diseases such as 
emphysema and asbestosis. Research has shown that emphysema decreases the attenuation of 
X-rays passing through the thorax, which in turn lowers the mean density. A patient with 
emphysema have large zones with extremely low densities (-900 HU to -1000 HU) scattered 
throughout the lungs [16]. The mean density can thus give information about the lung. It is 
therefore interesting to investigate differences in mean lung density between drowned and 
other deceased.  

2.5 Anterior-Posterior difference 
The lung attenuation is not constant, as it varies both within the lung – different regions have 
different attenuation – and with time. These differences are related to the effect of gravity and 
lung volume but are similar in both lungs and in the upper and lower parts of the lungs [17].  
 
Gravity causes regional differences by increasing the vascular components and decreasing 
alveolar expansion in dependent areas (when the patient is in supine position the posterior part 
of the lung is dependent, when in prone position the anterior is dependent) [18]. Since water 
has a higher Hounsfield value than air, the result will be a higher attenuation in dependent 
lung than in non-dependent. Another reason for higher attenuation in dependent areas is the 
greater blood flow in these, thus the arteries and veins are bigger and attenuation will be 
higher [17].  
 
Assuming a supine position of the body, the difference between non-dependent and dependent 
lung results in an AP difference. This difference decreases progressively as lung volume 
increases because the lung attenuation changes continuously during respiration, naturally the 
difference then increases with expiration. The difference decrease during inhalation is mainly 
caused by a decrease in density in dependent lung area, thus volume changes more in this area 
[17]. In a living person, the AP difference during inspiratory breath holding is approximately 
70 HU [19]. 
 
In the two groups of deceased, livor mortis will appear. Livor mortis is one of the signs of 
death and refers to the maroon color that discolors the skin when the heart stops and no longer 
churns the blood. The heavier red blood cells then settle downwards from the serum by 
gravity [20]. This means that dead persons will have more blood than living in the dependent 
parts of their lungs. The dependent parts then get a higher density, resulting in a higher AP 
difference. 
 



When the AP difference is positive, the posterior lung is denser, and, when negative, the 
anterior lung is denser. It is interesting to see how this difference changes with changing 
conditions, e.g., it is known that the difference increases with oedema. Comparing drowned 
people with other deceased would preferable result in some differences in the CT density 
difference. 

2.6 Lung density profile 
Since drowned persons in most cases have water in their overinflated lungs, the density 
profile of the whole lung (anterior to posterior) will be affected. It is not only interesting to 
study the densities in the anterior and posterior parts, but also in the rest of the lung.  
 
The density of the parts in the rest of the lung will depend strongly on the amount of water 
and air. By dividing the lung into ten areas and calculate the mean density for each area, it is 
possible to study how the density profile changes with the amount of water and air. If there is 
much water, several of the parts will have higher densities; if not, they will have lower 
densities because of the air. As mentioned already, the density rises with increasing amounts 
of water, and it is therefore interesting to study the differences between drowned and other 
deceased. 

2.7 Amount of water 
There are no possibilities to calculate the amount of water in the lungs at autopsy today. The 
medical examiners can conclude whether it seems to be much water or not in the lungs, but 
not more than that. Therefore it would be interesting to study if there is a way to calculate the 
approximate amount of water by studying the mean density in the lungs. 
 
A lung is assumed to consist of tissue and air. A drowned person’s lung does also contain 
water. From the lung density profile, the density values of the anterior and posterior lung may 
be estimated. By adding 1000 to the means and dividing by 1000 are they transformed from 
Hounsfield units to g/ml. To be able to do any estimations it also had to be known that the 
density of an air free lung, tissue, is assumed to be 1.065 g/ml [21]. 
 
In lungs not containing water, the volume of air per gram of tissue is possible to calculate by 
the formula: 

air volume / gram of tissue = specific volume of tissue and air – specific volume of tissue, 

where specific volume is the inverse of density [21]. With this knowledge it should be 
possible to make some estimations about the amount of water. 
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3 Methods and material 
This chapter provides a description of how the theory has been processed in this work and 
how the theory was validated.  

3.1 Segmentation 
In image analysis, it is often essential to distinguish the object of interest from the rest of the 
image, usually referred to as the background. The techniques used for this are called 
segmentation techniques. In this work, a combination of thresholding and mathematical 
morphology has been used for this purpose. 

3.1.1 Thresholding 
In many image processing applications, the object of interest differs in grayscale value from 
the surrounding. Thresholding then often provides an easy and convenient way to perform 
segmentation. The principle of thresholding is to set all the pixels with a value exceeding a 
threshold to a foreground value and the remaining to a background value. A common variant 
is to set the background to black, but leave the foreground pixels at their original 
color/intensity, so that as little as possible of the foreground information is lost [22]. 

3.1.2 Mathematical morphology 
Mathematical morphology has a wide range of operators for image processing. The operators 
are mostly used on binary images and can be used for edge detection, noise removal, image 
enhancement and image segmentation. The two most basic operations are erosion and 
dilation. As input they take an image and a structuring element, also known as kernel [22]. 
 
The structuring element determines the precise details of the effect of the operator on the 
image. It is a set of point coordinates, which are related to some origin. The origin does not 
have to be in the middle of the element but usually is. In most cases the element is a small set 
on a rectangular grid. They can have either two or three dimensions. In two dimensions, 
structuring elements that fit into a 3×3 grid with its origin in the center are most common, 
Figure 4 [22].  
 

 
Figure 4. Some examples of structuring elements [22].  

 
When a morphological operation is carried out, the structuring elements origin is moved over 
all pixels in the image. The points in the element are compared with the underlying image 
pixel values. Depending on which morphological operations that is used the effect of the 
outcome differ [22].  
 
In the morphological operation erosion the input pixel in the underlying image is left as it is if 
for every pixel in the structuring element the corresponding pixel is a foreground pixel. 



However, if any of the corresponding pixels are background, the input pixel is set to 
background. The result of this will be that foreground pixels that are not completely 
surrounded by other foreground pixels will be removed, the foreground will shrink and holes 
inside a region grow [22].  
 
In dilation, the input pixel is set to foreground if any of the pixels in the structuring element 
coincides with foreground. If all the corresponding pixels in the image are background the 
input pixel is left as background. The result will be that the foreground expands and holes 
inside a region shrink [22]. 
 
With erosion and dilation it is possible to define two other operators, opening and closing. 
Opening consists of erosion followed by dilation, using the same structuring element in both 
operations. Closing, on the other hand, is a dilation followed by erosion. In opening the 
foreground regions that have a similar shape as the structuring element or that completely can 
contain this are preserved. All other foreground pixels are eliminated. The result is that small 
and usually thin objects inside the object are eliminated. In closing the background pixels are 
preserved and small breaches are closed and small orifices filled [22].  

3.2 The software 
Three different types of software were used to examine the lungs and calculate the volume. 
These three types of software were Siemens’ syngo Pulmo CT (Pulmo), software version 
B10/2004A, Siemens’ Volume Evaluation (VE), version B10/2004A, and GE Medical 
Systems’ Volume viewer Applications v3.0.57, Volume Viewer (VV). They were compared 
against each other and against the post mortem lung volume measurement according to 
Archimedes’ principle. The four methods were tested on different cases and phantoms. The 
purpose was to explore repeatability and validity (agreement with reality).  

3.2.1 syngo Pulmo CT 
With the Pulmo software the user has to go through the lung CT slices one by one. In each 
slice, the lung contour is marked either automatically or by hand. Even when the contours are 
marked automatically, the option to do adjustments by hand still remains. The program then 
calculates the volume by multiplying the selected area in each slice with the height between 
them. When the user has gone through all slices, Pulmo will graphically display lung volume, 
CT density and generate some statistical results.  
 
Before the user starts the evaluation an upper threshold has to be set. This upper threshold will 
only help in the automatic contour detection. If the contour afterwards is corrected by hand 
areas that are above the threshold may be considered as lung tissue. The global thresholding 
will then be followed by a number of erosions, where the number is set by the user. The 
structuring element has two dimensions. After studying relevant literature and experimental 
testing the upper threshold was set to -200 HU and the number of erosions to 1 in this study. 

3.2.2 Volume Evaluation 
The Volume Evaluation (VE) program calculates lung volume with the 3D region growing 
method. According to the method the user has to set upper and lower thresholds that are to be 
considered for region growing. Then seed points are set and the program will search for 
directly connected voxels in 3D, within the threshold limits. It is possible to restrict the 
growing by defining a smaller region of interest (ROI). The user has to define ROIs in at least 
two slices and then the system automatically interpolates ROIs in the images lying between 
them. Lung volume will be considered as the voxels that have an HU value lying within the 



thresholds, that are connected to the seed point and that are located inside the ROI. The 
calculated volume is then color-coded to make it easy for the user to see which volume was 
chosen. After studying relevant literature and experimental testing the thresholds were set to  
-200 and -1024 HU in this study. 

3.2.3 Volume Viewer 
The Volume Viewer (VV) software has a large number of possibilities, and the user can quite 
freely choose how to use the program. In the end, the volume is calculated as the sum of all 
voxels left in the picture. This means that the user has to remove all unwanted structure from 
the picture to get the true volume of the object.  
 
The Volume Viewer software can be used in different ways. Thresholding is one of many 
available options. By setting lower and upper thresholds, the user selects tissue within the 
wanted density interval. Other possibilities are to keep one specific object and eliminate all 
structures that are not connected to it, in 3D, or to remove unwanted structures by letting an 
erasing area grow. The erasing area is defined by the user who puts the cursor on a voxel, the 
mousebotton pressed. Voxels that are attached to that voxel will be selected. After this, voxels 
connected to these will be selected and so on until the user releases the button. At this 
moment all selected voxels will be deleted.  
 
The two operations dilate and erosion are available. In this case the meaning is add (dilate) or 
“peel” (erosion) from one up to 20  layers of voxels from the surface, and holes inside, of the 
current 3D object. The structuring element is in 3D and gets bigger when more layers are 
wanted to get added or peeled. It is also possible to invert the picture, to let all the erased 
voxels be shown instead of the previously selected.  
 
In this study, the segmentation began with thresholding, upper and lower threshold set to -200 
and -1024 HU respectively. Then unwanted structure still remaining was deleted with the 
available functions. And finally, if needed, an appropriate number of dilations were done. 

3.3 The phantoms 
The three types of software were tested on three different phantoms. A short description of the 
phantoms will follow. 

3.3.1 Milk carton 
The first phantom tested was a 0.2-dl milk carton of paper filled with low-fat milk (1.5%). To 
make the phantom a little bit more complex the carton was put into a ceramic cup filled with 
water. The whole carton was covered with water. 

3.3.2 Bottle 
The second phantom was an empty plastic bottle in a glass bowl of water. On the top of the 
bowl there was a lid to restrain the bottle from floating. There was some air in top of the bowl, 
which prevented the whole bottle to be surrounded by water. Instead the top of the bottle was 
surrounded by air.  

3.3.3 Bottle with tubes 
The third phantom was the same as the second, but with plastic tubes inside the bottle. The 
plastic tubes were thicker than the walls of the bottle and resembled blood vessels. This made 



the test a little bit more realistic, mainly because the volume of interest consisted of more than 
just one Hounsfield value.  

3.4 Material 
The lungs of twelve dead persons were investigated during the spring 2005. Six of these had 
suffered from drowning, and the other six from other causes, not directly affecting the lungs. 
All subjects were in supine position. Among the twelve persons were five women and seven 
men. The age ranged from 18 to 78 years. 

3.5 Data acquisition 
To image the investigated subjects’ lungs, the CT SOMATOM Sensation (Siemens Medical, 
Forchheim, Germany) was used. This is a multislice CT with up to 16 sub-mm slices down to 
0.5 mm resolution and rotation time down to 0.4 s [8]. The received data, Figure 5, was then 
processed by the three different types of software, Siemens’ syngo Pulmo CT (Pulmo), 
software version B10/2004A, Siemens’ Volume Evaluation (VE), version B10/2004A, and GE 
Medical Systems’ Volume viewer Applications v3.0.57, Volume Viewer (VV). 
 

 
Figure 5. Example of a lung slice received by the CT SOMATOM Sensation. 

3.6 Repeatability of the measurements 
To be able to use the results received from the three types of software the repeatability was 
tested, according to Bland and Altman [23]. To investigate the repeatability, lung volume was 
calculated two times with each program on a number of subjects. The same person performed 
all measurements at two different points of time. The lower threshold was set to -1024 HU 
and the upper to -200 HU, and the number of erosions in Pulmo was set to 1. Random 
measurement errors were investigated. Further the mean and the standard deviation of the 
differences were calculated. 
 
To investigate repeatability the repeatability coefficient was used. Like the British Standards 
Institutions we expect that 95% of differences, between two measurements, should be less 
than two standard deviations. When the mean is assumed to be zero (measurements with the 
same program should not differ from each other) the repeatability coefficient (Rc) is easily 
calculated by the formula;  

Rc = √((Σ Di
2 )/n), 

where Di is the difference between two measurements and n is the number of subjects [23, 
24]. If Rc is small the repeatability for the software seems to be acceptable. 



3.7 Validity 
Since the true lung volume is always unknown, it is difficult to evaluate the three types of 
software. To investigate the programs’ ability to measure the true volume, two types of 
validations were performed. First, validation against known volumes, the three phantoms, was 
done. After that, validation against the autopsy volume was performed. Neither of the 
compared methods provides an unequivocally correct measurement, and therefore the degree 
of agreement between them was assessed. It is most unlikely that the methods will agree 
exactly, giving the same result for all individuals. 
 
Since the volume measurement at autopsy is not a scientifically tested method, it is interesting 
to calculate the differences between the values received by the three types of software and 
autopsy volume. If the limits of agreement have values that have no clinical importance, the 
methods could be used interchangeably. 
 
The lung volume obtained at autopsy is measured in such way that a hemostatic forceps is put 
on the trachea, above the sternum, before the thorax is opened. The rib cartilage is cut and the 
pleura carefully opened with a knife without damaging the lung. Parts that may have grown 
together are carefully loosened against the chest wall. Then a long hemostatic forceps is put 
on each hilus, the trachea is divided above the first hemostatic forceps, and the package is 
taken out and each hilus is closed with a hemostatic forceps.  
 
The lung volume is then measured according to Archimedes’ principle, which states that a 
body immersed in a fluid will be affected by a lifting force that equals the weight of the 
displaced liquid. To calculate the volumes, the lungs are first weighed separately; the weight 
of the forceps is excluded. Then the lungs are separately pressed down in a glass bowl of 
water. The bowl is weighed, and since the weight of the lung and the weight of the bowl 
containing only water are known, it is possible to calculate the lung volume. 

3.8 Differences between drowned and other deceased  
Because of the difficulties in concluding that a person has in fact drowned, it is interesting to 
investigate if there are any differences between drowned and other deceased. It could also be 
interesting to know if there are any differences or similarities between these two groups and 
living persons. For this reason lung volume, mean attenuation, AP difference, lung density 
profile and amount of water within the lungs are investigated. 

3.8.1 Lung volume 
To investigate the differences in lung volume between drowned and other deceased, the lung 
volume is calculated with the three types of software, described previously, and for drowned 
also at autopsy.  
 
To see if there are any differences between drowned and other deceased, lung volume is also 
related to other factors, as for example length and weight. As before, the two groups consisted 
of 6 subjects each. Because VV is the only software that is able to calculate lung volume for 
all subjects, the results received by VV (mean received from two measurements) are used for 
the comparison. 

3.8.2 Mean lung density 
The mean lung density is calculated with the Pulmo software as described by Rosenblum et al 
[16]. Pulmo is chosen because of the automatic function for calculating mean lung density. 



Three slices are chosen, one at base (the lowest cut which is clearly above the diaphragm), 
one at mid-thorax (level of carina) and one at the level of the aortic arch. The three density 
values are arithmetically averaged [16]. The chest wall and large vessels will be excluded so 
they will not affect the mean density [17]. 

3.8.3 Anterior-Posterior difference  
The AP difference is calculated from the difference between the average anterior and 
posterior densities. These are arithmetically averaged from the density values at base (the 
lowest cut which is clearly above the diaphragm), mid-thorax (level of carina) and at the level 
of the aortic arch [16]. The posterior part of the lung consists of a 15 mm wide band 5 mm 
from the contour, to avoid partial volume averaging, and same for the anterior. Because of the 
possibility to automatically choose region of interest in Pulmo this program was used. There 
are some small differences in the size and site in these regions, but as long the chest wall and 
big vessels are excluded the mean attenuation will not be affected [17].  

3.8.4 Lung density profile 
To calculate the lung density profile (anterior to posterior), the lungs are divided into ten parts 
having approximately the same size, Figure 6. The density for each part is calculated, chest 
walls will be excluded, by the automatic function in the Pulmo program. The densities are 
then calculated as a mean of three slices, one at the base (the lowest cut which is clearly above 
the diaphragm), one at the mid-thorax (level of carina) and one at the level of the aortic arch.  
 

 
Figure 6. Image showing the ten areas which the lung is divided into when the lung density profile is calculated. 

3.8.5 Amount of water 
The anterior and posterior lung structure of the group other deceased, and the anterior lung 
structure of drowned, are easily calculated by using the formula for calculating the volume of 
air per gram of tissue. The air volume is then calculated by multiplying the answer by the 
part’s weight. Total volume of the part minus gas volume finally gives the tissue volume [21]. 
 
Calculation of a drowned person’s posterior lung structure is much more difficult because of 
the presence of water. As mentioned it was assumed that the anterior part does not contain 
water. The mean density of the posterior lung is thus consisting of tissue, air and water. To be 
able to say anything about the amount of water it first has to be assumed that none of the parts 



of the lung contain water. It is known that the lungs are in inspiratory position and the AP 
difference therefore should be approximately 70 HU. With this knowledge it is possible to 
calculate the volume of air and tissue that would have built up the posterior part of the lung 
like if the person never had drowned. These values are 287 ml air and 99 ml tissue. If fluid 
then is “added” in the posterior part it is known that the volume of gas has to be less than this 
volume since the total volume is still the same. The volume of tissue should not be affected.  
 
The known actual density (tissue, air and water) at the posterior part of the lung makes it 
possible to calculate the amount of water that has to be present to reach this density. Since the 
volume of the posterior lung also is known, it is possible to calculate the mass (volume times 
density). The equation to calculate the water volume (x) is then; 

mtotal = (287 – x) * ρair + 99 * ρtissue + x * ρwater  
The resulting structure for the posterior part of a drowned lung is; air: (287- x) ml, tissue:  
99 ml and water: x ml. 
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4 Results 
In this chapter all the results of the study are presented. The results received from the studies 
of repeatability and validity as well as the results received from the studies of lung volume, 
lung mean density, the AP difference, the lung density profile and the study of the amount of 
water in drowned lungs are presented. 

4.1 Repeatability 
Table 1 shows the lung volumes for the subjects received by the three programs. A dash 
means that the software was not able to calculate the volume for that subject. Subject 1-6 are 
drowned and 7-12 other deceased. 
 
Lung volume measured by VV, Pulmo and VE 
 VV Pulmo VE 
Subject (cm3) (cm3) (cm3) (cm3) (cm3) (cm3) 
1 – D 3846 3826 3490 3490 3677 3675 
2 – D 4141 4111 3758 3739 3926 3926 
3 –D 4326 4326 - - - - 
4 – D 3100 3122 2654 2628 2690 2691 
5 – D 3662 3671 3471 3432 3533 3534 
6 – D 4070 4090 3716 3793 4002 4003 
       
7 – O D 2083 2053 1804 1783 1885 1886 
8 – O D 3529 3437 3107 3102 3047 3048 
9 – O D 2564 2573 2384 2363 2563 2549 
10 – O D 2775 2810 2550 2538 2550 2552 
11 – O D 3102 3086 2729 2703 2741 2742 
12 – O D 2204 2211 1774 1792 1655 1655 

 
Table 1 Lung volume measured by VV, Pulmo and VE. Each type of software was used on each subject twice to 
calculate the lung volume. Subject 1-6 are drowned (D) and 7-12 other deceased (O D). 
 
To visualize the result, a Bland-Altman plot, showing the differences against mean for each 
subject, was made for each type of software (Diagram 1-3).  
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Diagram 1. Repeated measures of lung volume using VV. 
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Diagram 2. Repeated measures of lung volume using Pulmo. 
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Diagram 3. Repeated measures of lung volume by VE. 
 
With existing measurements the mean of difference for VV, Pulmo and VE will be 7.2 ml, 6.7 
ml and 0.7 ml, which are all acceptably close to zero.  
 
For VV, Pulmo and VE the repeatability coefficients (RMS difference) are 66.4 ml, 61.9 ml 
and 8.7 ml respectively. As can be seen in diagram 1-3, almost all differences lie between 
these values.  

4.2 Validity 
To investigate the validity, two tests were performed, as mentioned earlier, validation against 
a known volume and validation against autopsy volume. 

4.2.1 Validation against a known volume 
All phantoms were calculated four times with each type of software. The means and standard 
deviations are shown in Table 2.  
 
Volume measured by VV, Pulmo and VE 
 True value VV Pulmo VE 
Subject (cm3) (cm3) (cm3) (cm3) 
Milk carton 20 21.7 ± 1.0 19.5 ± 0.3 21.2 ± 1.6 
Bottle 615 626 ± 3.1 594 ± 2.5 619 ± 1.2 
Bottle w. tubes 615 618 ± 2.9 605 ± 2.3 597 ± 5.1 

 
Table 2. Volume of three different phantoms measured by the three programs VV, Pulmo and VE. 



4.2.2 Validation against autopsy volume 
Diagram 4 presents the lung volumes obtained with the four methods. Volumes marked with 
the same symbol and combined with a line are received from the same subject. The volumes 
calculated by VV, Pulmo and VE are means of two measurements. 
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Diagram 4. Lung volume measured at autopsy and by VV, Pulmo and VE. Volumes marked with the same symbol 
and combined with a line are received from the same subject. 
 
Comparing VV to Autopsy, the limits of agreement are +2129 ml and –591 ml and the mean 
difference 769 ml (Diagram 5). Thus the VV may be 2129 ml above or 591 ml below the 
values received at autopsy. If VV is compared to Pulmo, the limits of agreement are +162 ml 
and +531 ml, and the mean difference between them 347 ml. Thus volumes received by VV 
will always be bigger than volumes received by Pulmo, between 162 and 531 ml above.  
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Diagram 5. Comparison of lung volume measured at autopsy and by VV. 

4.3 Lung volume 
Diagram 6 shows the calculated lung volumes, each column represent a different method. The 
circles represent drowned people and squares other deceased. Since there are no autopsy 
volumes for the persons in the group other deceased it is impossible to compare the volumes 
received from autopsy, instead the volumes received from the three types of software have to 
underlie the comparison. As before the volumes calculated by VV, Pulmo and VE are means 
of two measurements. 
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Diagram 6. Lung volume measured at autopsy and by VV, Pulmo and VE (circles denote drowned and squares 
other deceased). 
 
In Table 3, lung volume is related to length and weight. The means and standard deviations 
are shown.  
 
Lung volume, received by VV, related to length and weight 
Group Volume Volume/length Volume/weight 
 (cm3) (cm3/cm) (cm3/kg) 
Drowned 3858 ± 395 22.15 ± 2.15 56.95 ± 15.07 
Other 
deceased 

2703 ± 489 15.97 ± 2.46 40.12 ± 9.81 

 
Table 3. Lung volume, received by VV, related to length and weight. 
 
A paired t-test with the null hypothesis that the two groups, drowned and other deceased, have 
equal means is performed. The null hypothesis for volume, volume/length and volume/weight 
can be rejected at the 5% significance level.     

4.4 Mean lung density 
Diagram 7 shows a comparison of mean attenuation for drowned and other deceased. Circles 
represent drowned people and squares represent other deceased. 
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Diagram 7. Comparison of the mean lung density among drowned and other deceased. The dashed lines indicate 
the mean lung density for the lung and group. 
 
A paired t-test with the null hypothesis that the two groups, drowned and other deceased, have 
equal means is performed. It shows that the null hypothesis cannot be rejected at the 5% 
significance level.     

4.5 Anterior-Posterior difference 
Diagram 8 shows a comparison of AP difference for drowned and other deceased. Circles 
represent drowned people and squares represent other deceased. 
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Diagram 8. Comparison of the anterior-posterior difference between drowned and other deceased. The dashed 
lines indicate the mean AP difference for the lung and group. 
 
Table 4 shows the mean AP difference in respectively right and left lung for drowned and 
other deceased.  
 
Mean Anterior-Posterior difference ± St dev, measured with Pulmo 
 Left lung (HU) Right lung (HU) 
Drowned 68.5 ± 86.9 102.7 ± 54.0 
Other deceased 301.2 ± 140.2 321.6 ± 146.7 

 
Table 4. Comparison of the anterior-posterior difference between drowned and other deceased. 
 
A paired t-test with the null hypothesis that the two groups, drowned and other deceased, have 
equal means is performed. It shows that the null hypothesis can be rejected at the 5% 
significance level for both left and right lung.     

4.6 Lung density profile 
Diagram 9 below shows the differences in the lung density profile between drowned and other 
deceased. The dashed lines represent lung densities for drowned and solid lines lung densities 
for the persons in the group of other deceased. The circles show the mean densities for 
drowned people, squares for others. The most anterior part of the lung is at the left in the 
diagram and the most posterior to the right. 
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Diagram 9. Comparison of the lung density profile between drowned and other decease (circles denote drowned 
and squares other deceased, circles are mean for drowned and squares for other deceased).  
 

4.7 Amount of water 
In the group of other deceased, the anterior part of the lung consisted of approximately 210 ml 
air and 60 ml tissue. The posterior part consisted of approximately 128 ml air and 142 ml 
tissue. 
 
In the group of drowned, the anterior part of the lung consisted of approximately 312 ml air 
and 74 ml tissue. The posterior part consisted of 280 ml air, 99 ml tissue and 7 ml water.  
 
For the group other deceased the anterior part of the lung then consisted of 78% air and the 
posterior part of 47% air and for drowned the anterior part of 81% and the posterior part of 
73%. The amount of water, posterior part of lung for drowned, was 2%.  
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5 Discussion 
This chapter will discuss the results presented in the previous chapter and factors that affect 
them.  

5.1 The software 
Three different types of software were used during this study. They all had advantages and 
disadvantages. These will be presented in the following part. 

5.1.1 Syngo Pulmo CT 
The advantage with Syngo Pulmo CT is that the user gets control over what area that is 
considered to belong to the lung. For example it is possible to either include or exclude the 
hilar regions. The disadvantage, on the other hand, is that it is very time consuming and that it 
is impossible to regret a carried out measure.  

5.1.2 Volume Evaluation 
Advantages with the Volume Evaluation program are that the volume calculation is 
performed very quickly and it is easy to see which volume that is considered to belong to the 
lung. The selected volume is color coded and displayed in three different views; coronal, 
sagittal and transversal. The disadvantage on the other hand is that only tissue within the 
threshold is considered to belong to the lung, for example it is very difficult to include vessels 
because its Hounsfield value is so much higher than the lungs. 

5.1.3 Volume Viewer 
The advantages with Volume Viewer (VV) are that the user has got a lot of possibilities and is 
able to regret a carried out measure. The user is able to continue working with a volume until 
he/she is satisfied, a great possibility that is missing in the two other programs. The many 
possibilities are also a disadvantage, it makes it more difficult to find a standard way to use 
the program, and there is a risk that volumes will vary between users. 

5.2 Repeatability 
All the three types of software have good repeatability. The repeatability coefficients for VV, 
Pulmo and VE are respectively 66.4 ml, 61.9 ml and 8.7 ml. At first sight the coefficients for 
VV and Pulmo may look big, but the values are relatively small when compared with the 
actual values of lung volume, and the conclusion is that the repeatability of all three programs 
is acceptable.  
 
VE has the best repeatability of the three tested programs. This may have to do with the 
limited user interference in the volume calculation. In Pulmo, for example, the user has to 
include the hilus and the vessels by hand. The user has to by her/himself decide how much to 
include. Probably would a more experienced user be able to get a higher repeatability for 
Pulmo. 
 
The number of subjects in the study should not affect repeatability, which is expected to be 
the same in a small and a large study. Yet if there is one bad measurement, the effect of that 
one would be much smaller in a larger investigation. 
 



It would also be interesting to study repeatability for lung volume received at autopsy. 
Unfortunately it was not possible to do that during this study, but if the method is going to be 
used in the future repeatability should be examined. 

5.3 Validity 
To investigate the validity two tests, validation against a known volume and validation against 
autopsy volume, were performed. These two tests will here be discussed. 

5.3.1 Validation against a known volume 
Validation against known volumes was performed with the three previously described 
phantoms. However, it has to be kept in mind that the phantoms do not in any way replace or 
resemble lung tissue. The aim was to study how close the programs get to the true volume. By 
examining the available phantoms, some conclusions could be drawn. 
 
The tests show that VV gives always a greater volume than the true one. For the bottle 
phantoms, the results were good. This is related to the possibility to see the object in different 
views and the chance to see the resulting volume in three dimensions. However, the results 
obtained for the milk carton are not so good, and it was very difficult to process the phantom. 
The similar Hounsfield values for milk and water complicated the thresholding, which, in the 
other cases, gave a good start for the VV software. This is confirmed by looking at the 
standard deviation in Table 2. The standard deviation is very small for the bottle cases, but 
with the carton the standard deviation is large in relation to the volume, accordingly the 
program seems to have problem with that volume. 
 
As mentioned, the larger volumes obtained by VV are a result of the difficulties in removing 
uninteresting volumes that may have similar Hounsfield values and be connected to the object 
of interest. Thresholding, dilation and erosion can not be used in a satisfactory way. The 
similarities in Hounsfield values exclude thresholding and dilation and erosion are impossible 
since the two volumes (the volume of interest and the other) are attached. Accordingly the 
operators will add or peel of layers of voxels of the total volume. Instead the user has to erase 
uninteresting volumes manually, and the tendency is then to remove too little. 
 
The volumes calculated by Pulmo are always smaller than reality. According to T. Achenbach 
et al the constantly lower volume values are caused by a missing dilatation operation [25]. 
This operation would help to expand the foreground and shrink holes inside, which would 
compensate for the existing erosion algorithm. 
 
Another reason for the smaller volumes with Pulmo could be beam hardening artifacts. These 
make the attenuation values higher at the contours of the object which then will become 
higher than the threshold. The contours will be excluded during the thresholding and make the 
total volume smaller than reality.  
 
When Pulmo is used, the volume of the bottle with tubes becomes larger than the one without 
tubes. This may depend on the manual correction to include all tubes; perhaps a bigger area is 
included resulting in a larger volume. The user should therefore be well aware of the fact that 
manual correction affects the volume.  
 
The VE software gives a very good result for the volume of the empty bottle, but as soon as 
the surroundings and the volume of interest get similar densities the user meets difficulties. 
Since VE works with thresholds, the user has to carefully by hand mark out a ROI in which 



the program will find the voxels within the boundaries. Depending on the accuracy of the ROI 
the volume will vary. If the user includes too much of the surroundings, the volume will 
become too large, and if the user do the ROI too narrow, the whole bottle will not be included 
and the volume too small.  
 
As mentioned, VE works with thresholds and this is the reason for the smaller volume of the 
bottle with tubes than the empty bottle. In the thresholding, the tube pixels will disappear 
since their density is too similar to water. For the same reason (similar densities), VE also has 
a problem with the milk carton. As a result of this, the standard deviation becomes large for 
this phantom, and the ROI has to be carefully drawn by hand. 
 
The conclusion of these phantom tests is that none of the three programs is perfect. Yet none 
of the programs is completely disqualified. The user has to be well aware of how the software 
works and the limits of the programs, but since the limitations are known it is possible to 
correct for that.  

5.3.2 Validation against autopsy volume 
As seen in Diagram 4, volumes obtained from the different methods differ from each other. In 
the previous tests, it was settled that VV always calculates a larger volume than the true one. 
As can be seen in diagram 4, this is confirmed. VV always has the largest volume on each 
subject, except in one case where the autopsy volume is a little bit larger. The mean difference 
between VV and autopsy is very large, in fact 769 ml. Accordingly, VV seems to calculate 
lung volumes that are approximately 770 ml larger than the autopsy volumes. The limits of 
agreement for VV and autopsy were -2266 ml and 562 ml, which is totally unacceptable. The 
two methods can not replace each other. 
 
If the volumes received from Pulmo are studied, the previous tests say that they should be 
smaller than reality. Compared with volumes received at autopsy they are yet greater in half 
the cases. This indicates that the volume obtained from autopsy in some cases seems to be 
smaller than the true volume. If instead results from VV and Pulmo are compared they seem 
to fulfill the expectations, volumes received by VV are always greater than them received by 
Pulmo. The limits of agreement for the two programs are 162 ml and 531 ml. These are better 
limits than for autopsy and VV, but still not good. The user should be attentive: it is not 
possible to replace the methods with each other without knowing what distinguishes them. 
 
Finally, if the results by VE are studied, previous tests say that the program will have some 
difficulties with the lung since it consists of different densities. Still it can be seen that these 
values lie between VV and Pulmo and therefore should be rather close to the true volumes. 
Compared with the volumes received at autopsy, they are both smaller and greater. Because 
of the small number of subjects it is difficult to conclude anything with certainty, but there is 
one conclusion that can be drawn: lung volumes received at autopsy should be considered and 
the method need some work to get better results. 
 
At the beginning of this study, there was no routine for calculating lung volume at autopsy. 
There are several difficult moments, for example the difficulties in removing the lungs from 
the body without losing any air. The clip easily misses parts of the bronchi. When volume is 
measured by Archimedes’ principle many, more sources of errors may then occur, such as air 
bubbles being trapped under the lid in the water bath and inaccurate measurements. The small 
volumes that appear in most of the cases could be explained by that some air is lost during the 
volume measurement. 



 
Concerning validation against autopsy volume, more subjects would have been preferable, but 
the test simply had to be done with the available material. More subjects are needed to truly 
validate the three programs and the autopsy method. With more subjects more routine and 
experience will be reached and the results received from all four methods will be more stable 
and reliable, especially at autopsy. Perhaps would it also be possible improve the autopsy 
method by replacing the lid with an iron net. The net would still prevent the lung from 
floating but would also prevent air bubbles to be trapped under it. 

5.4 Lung volume 
As can be seen in Diagram 6 and in Table 3, the volumes differ between the two groups 
(drowned and other deceased). The drowned seem to have larger lung volumes than the other 
deceased. This is not totally unexpected, since the drowned persons usually have overinflated 
lungs, which also often contain water. But it seem to be difficult to settle if a person has 
drowned by just looking at the lung volume, as can be seen the two groups mix with each 
other. However the paired t-test rejects the null hypothesis that the two groups should have 
equal means. 
 
As can be seen in the table the related measure volume/length seems to be a pretty good 
measure. The means differ much from each other and the standard deviations are relative 
small. The measure volume/weight got means that differ, but the standard deviations are 
pretty big and the two groups, drowned and other deceased, seem to mix with each other. So 
even if the paired t-test for the two measures rejects the null hypothesis that the two groups 
should have equal means a look at the standard deviations says that the measure 
volume/length seems to be the better one. This is not totally unexpected since standing height 
is a satisfactory predictor of lung volume. By measuring length it is possible to estimate lung 
volume for a person [26]. Length should therefore be a good measure to normalize lung 
volume with. 

5.5 Mean lung density 
As can be seen in Diagram 7 the two groups, drowned and other deceased, do not differ much 
from each other. Nevertheless the drowned in general seem to have a lower mean attenuation 
than the other deceased. 
 
In a deceased person normally a passive collapse of the bronchi occurs. This results in higher 
attenuation, because of the smaller amount of air. Livor mortis should not affect the mean 
attenuation since it is just a movement of the blood; it will rather influence the AP gradient. 
The result of this is that deceased gets a higher mean attenuation than living. This can also be 
seen if the mean attenuations for deceased and living are compared. In this study the mean 
attenuations for the group other deceased are very scattered, but it lies around –560 HU.  
 
Drowned people’s lungs are usually held in inspiratory position, which means that they 
contain air. This in combination with the appearance of emphysema will decrease the mean 
attenuation. Yet lungs of drowned can also contain a certain amount of water, which makes 
the mean attenuation higher. As can be seen in the diagram, the mean attenuation was around  
–730 HU for drowned.  
 
Mean attenuation may be a too complicated measurement to conclude whether a person has 
drowned or not. There are too many factors that can vary from case to case, for example the 
amount of water, which will influence the mean. The investigator really has to be attentive. 



The paired t-test also shows that the null hypothesis that the two groups should have equal 
means cannot be rejected. Nevertheless the mean attenuation for drowned has a tendency to 
be lower than for other deceased.  

5.6 Anterior-Posterior difference 
After death, normally a passive collapse of the lungs occurs. The result is a high AP density 
difference. To this contributes liver mortis, which means that blood, with a higher density, 
will collect in the dependent parts of the lungs (all subjects are in supine position). The 
gradient will get even higher, as can be seen in chapter 6.5. 
 
In drowned persons (not atypical drowning), the lungs are in the inspiratory position. This 
means that air will lower the AP difference. But there is another factor that also will affect the 
AP difference, water in the lungs. The water will collect in the dependent lungs (like the 
blood) and result in a higher gradient. Since the gradient is calculated by taking the difference 
between the most anterior and the most posterior part, the amount of water will not affect the 
detectable gradient.  
 
Finally, comparing drowned with other dead people results in some similarities and 
differences of the AP difference. If there were no water in the drowned lungs, the CT density 
difference would be much lower than in the lungs of the other deceased. But now there is 
water in the drowned lungs and the difference will be affected. 
 
Looking at Diagram 8 and Table 4 it is possible to see differences between drowned and other 
deceased. The group of drowned seem to have much smaller differences between posterior 
and anterior parts of the lungs than the group of other deceased. The paired t-test also shows 
that the null hypothesis that the two groups should have equal means can be rejected. 

5.7 Lung density profile 
As been described in a previous chapter, the density difference decrease during inhalation is 
mainly caused by a decrease in density in dependent lung area. This is confirmed by looking 
at Diagram 9. The difference between drowned and other deceased is largest in the posterior 
parts of the lung. This also explains the in general greater gradient in the anterior parts of the 
lung among other deceased; drowned have more air in their lungs which keep the density 
down throughout the whole lung. 
 
It is interesting to see that the gradient for drowned is very small. If there were no water, 
would the gradient be even lower? Water has a higher Hounsfield value than air, when lungs 
contain water the mean density obviously gets higher. With no water in the dependent parts of 
the lungs of a drowned, the lung density would be smaller and so would probably the gradient 
of the lung density. It would for this reason be very interesting to look at a lung density profile 
of inspiratory lungs for a living person. This would make it possible to study the differences 
which are caused by the “added” water. 
 
It is also remarkable that the lines for drowned are so gathered compared with the other 
deceased. An explanation for this could be the different causes of death in the group of other 
deceased. Depending of the cause of death the lung density profile may look different? More 
persons have to be studied before any conclusions can be drawn. It also has to be investigated 
if other deceased always seem to lie above drowned in lung density. In our case it seems like 
it, but as can be seen there are one person that lie pretty close to the drowned. Is this an 
exception or is it not?  



 
As can be seen in Diagram 9, there are big differences between the average lung density 
profiles in the lungs of drowned and other deceased.  It seems like a profile that clearly lies 
above the drowned, can exclude drowning as a cause of death. However it is not possible to 
exclude another cause of dead, than drowning, if a profile lies among the drowned. The lung 
density profile has to be studied further. 

5.8 Amount of water 
The validity of the method for calculating the amount of water can be discussed. It is 
depending on a number of assumptions where for example liver mortis is not taken into 
consideration. A more exact calculation has however not been found during the time for this 
work. 
 
A remark is that the water volume is only calculated for one segment, the most posterior part 
of the lung. Since there are more segments that contains water the total water volume has not 
been revealed. The total amount of water is however not possible to calculate because of the 
unknown densities for the other segments of an inspiratory lung. A density profile for a whole 
inspiratory lung has to be done before such studies can be made.  
 
It is interesting to study the differences in the ratio between air and tissue. For the group other 
deceased are the anterior part of the lung consisting of 78% air and the posterior part of 47% 
air and for drowned anterior part of 81% and the posterior part of 73% air. This confirms the 
earlier described theory that the dependent part changes most during inhalation. It is also 
interesting to see that the amount of air is much bigger in drowned lungs than in the others, as 
expected.  

5.9 Conclusions 
There are some conclusions that can be drawn from this work. Concerning the three tested 
types of software, they all got acceptable repeatability and validity. Depending on the goal of 
the investigation it is decided which software that should be used. VV or VE are preferable to 
use when lung volume is measured, Pulmo is too time consuming. Pulmo is better used for 
studying mean density, AP difference or lung density profile. Concerning the autopsy method 
it really has to be improved before it is to any use. 
 
Several of factors were studied to see if there are any differences between drowned and other 
deceased. Among these did especially three factors catch the attention; the relation between 
lung volume and length, the lung density profile and the amount of water in drowned lungs. 
Apart from the measures lung volume, mean density and AP difference, did not lung 
volume/length mix the two groups drowned and other deceased with each other. The means 
were clearly apart and the standard deviations small.  
 
The lung density profile is very interesting because of the clear differences in mean between 
drowned and others. But more persons are needed for the study before any conclusions can be 
drawn. A lung density profile for a living person with lungs in inspiratory position would 
make it possible to study the influence of the “added” water in drowned lungs. Such study 
would also be of interest for a further investigation of the amount of water. It is today only 
possible to calculate the amount of water in the most posterior segment of a drowned lung; 
with a “reference” profile it would be possible to calculate the amount of water in the whole 
lung.  



5.10 Future work 
Studying the differences in attenuation at CT between drowned and other deceased is a new 
area and has never been done before. It is very interesting and there are many possible fields 
that would be desirable to investigate further. 
 
First, more subjects are needed for a proper investigation. It is difficult and maybe a bit 
dangerous to draw conclusions from our two groups with only six subjects each. 
 
There are three things that are especially interesting to investigate further. First, the relation 
between lung volume and length, since there seems to be large differences between drowned 
and other deceased. For the same reason, studying the lung density profile further would be 
interesting and it would be exciting to study the two groups statistically. It would also be 
appealing to have a lung density profile of a living person, expiratory and inspiratory position, 
to have some kind of standard to compare with. This profile would also be useful for the 
calculations of the amount of water in the total lung. In this work the amount of water is only 
calculated for the most posterior part of the lung. Since most drowned people have water in 
their lungs, it would be very interesting to be able to calculate how much water they contain. 
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Sammanfattning  
Abstract  
  

Because of the difficulties in concluding whether a person has drowned or not, information 
that could be relevant for postmortal diagnosis of drowning was studied. With postmortal 
CT images lung volume, mean attenuation, anterior-posterior difference, lung density 
profile and amount of water within the lungs were investigated. 
 
The report also evaluates three examples of software that calculates lung volume from 
postmortal CT images: Siemens’ Syngo Pulmo CT, Siemens‘ Volume Evaluation and GE 
Medical Systems’ Volume Viewer. The method used at autopsy was also studied. The 
repeatability and validity were tested and sources of errors identified. 
 
Repeatability and validity for the three tested types of software were acceptable, while the 
method used at autopsy had to be improved. The study also showed that lung volume 
related to length, anterior-posterior difference and lung density profile seemed to vary 
between drowned and other deceased. These measures might conclude whether a person has 
drowned. 
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