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Abstract 
 
Objective: It was the aim of this study to examine physiological changes by a 

visceral osteopathic intervention. In special: Does a mobilisation of the lesser 

omentum influence the capacity of the portal vein? 

  

Subjects and Methods: Twenty healthy male adults (age 23-40) were assigned 

to two equivalent groups. Groups were matched by age, body height and body 

weight. Inclusion criteria were a BMI ≤ 27, age 18-45 years, non-smoking and 

alcohol intake <25 g/day. Additional exclusion criteria were drug intake, 

inflammatory diseases, abdominal surgical interventions and known heart or liver 

pathologies. 

The members of the test group (mobilisation group/MT, n=10) were treated with a 

mobilisation technique for the lesser omentum, the members of the sham group 

(non-specific-technique group/NST, n=10) with a manual abdominal compression 

in the height of the navel in direction of the spine. Both techniques were applied for 

three minutes. 

Participants as well as examining medical specialists were blinded against the 

administered intervention.  

The measurement of the portal venous diameter and mean blood flow velocity in 

the portal vein was performed at four moments. For each measurement, the 

capacity of the portal vein was calculated based on these data. 

Two trials, one initial medical examination (x1) and half an hour later another 

comparison measurement (x2) were performed for the assessment of the 

baseline.  

The third measurement (y) was done directly after administration of the particular 

intervention technique and the fourth one hour later (z).  

 

Characteristics of the portal vein were measured in decubitus position left of the 

subjects by means of a 3.5 MHz transducer with colour-coded duplex sonography. 

The flow velocity was measured by means of a PW-Doppler ultrasound device 

Toshiba Xario. Statistical software used for evaluation was R 2.7.1 and SPSS® 

14.0.  
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Results: The results of the two baseline measurements (x1, x2) of the portal vein 

capacity as well as the test-to-test variability in the NST group and MT group were 

comparable. 

In contrast, heart rate, blood pressure, the diameter of the portal vein and the 

blood flow velocity were not stable but might indicate relaxation effects. 

The results of the baseline measurement of the parameters capacity, diameter 

and flow velocity are assorting well with literature data.  

 

After the interventions (measurement y) capacities increased by approximately 1.3 

ml/min/kg body weight could be observed (MT group: mean (standard deviation): 

11.3 (4.0) ml/min/kg, NST group: 11.5 (6.2) ml/min/kg).  

The increase in capacity is not significant in either group, but slightly more distinct 

in the MT group, due to the lower base data (MT group: p=0.10, NST group: 

p=0.33).  

These group differences in the change in capacity are not significant, either 

(ANOVA: p=0.97).  

One hour after the intervention (measurement z), a mean flow of 10.0 (3.4) 

ml/min/kg body weight could be observed in the MT group and of 9.6 (2.6) 

ml/min/kg in the NST group. In both groups the base level was re-established.   

 

Conclusion: The current data show, that there is no significant difference in the 

effects on the capacity of the portal vein between the specific visceral mobilisation 

technique for the lesser omentum and a non-specific technique with a manual 

abdominal compression in the height of the navel in direction of the spine. 

The validity of these results above all is restricted by the low number of 

participants (10 per group).  

 
Key words: Osteopathy, portal vein, capacity, visceral, mobilisation of the lesser 

omentum
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1. Introduction and Motivation 

“The whole is greater than the sum of its parts“ (ARISTOTELES). 

The fact, that a body is more than the sum of its parts, becomes apparent in the 

circumstance, that by a decomposition of the human body into its parts only little or 

nothing can be learned about their interaction in a living organism. 

 

While anatomy considers and describes the body parts, physiology scrutinises their 

function. Physiology describes the mode of changes, influencing the body exteriorly 

or interiorly and explains them. Furthermore, it describes the mechanisms, the body 

uses for living. 

Thus, physiology is the teaching of life processes. Physiology teaches and 

researches the normal organ- and body functions [DIVISION OF PHYSIOLOGY 

2008].  

Without physiology, neither an effect nor an explanation is possible [VAN DEN 

BERG 2003]. Therefore, it should also be regarded as basis of osteopathic 

knowledge. 

 

This was my motivation for this master thesis, which will be further described by the 

following quotation: 

“If you have to judge the importance of fundamental research, you will have to 

retrospect. You will have to see, how things have been discovered, which are 

important nowadays. Often knowledge was gained that could not be put in a context 

at the moment of its detection. In a manner of speaking, man came across them by 

chance. Scientists, working in their special field, of course, did their research 

purposely. But in the moment of understanding they often could not anticipate, what 

would follow thereafter” [TRACHSEL 2008; translation by myself]. 

 

Although osteopathic work in manual diagnostics and therapeutic intervention can 

be administered on visceral structures, too (apart of parietal and craniosacral 

elements), you come across results far from satisfactory during the search for 

scientific explanations for the working mechanisms of certain techniques in the 

visceral field [VAN DUN et al. 2007].  

Therefore, this thesis is intended as a complementary scientific contribution in this 

respect.  
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Further motivation is the opinion of medical specialists in my professional circle, that 

any pressure applied anywhere to the abdomen leads to an increase in the 

perfusion in the portal vein. However, up to now, I could not find appreciable 

scientific investigations and results by literature research that would attest this 

position.  

 

Therefore, I want to find an answer to the following question: Can osteopaths truly 

achieve measurable physiological changes by specific visceral techniques 

(mobilisation of the lesser omentum)? 

 

The importance of a sufficient blood supply within the visceral system was 

occasionally stressed during my osteopathic training. For this master thesis in 

particular the question arises, if a mobilisation of the lesser omentum modifies the 

capacity of the portal vein.  

 

In this respect, different hypotheses can be found in osteopathic literature. For 

example, an author describes a compensation mechanism of the portal vein arising 

from mechanic stimulation as follows:  

 

“An increase of the pressure gradient in the venous system emerges from pressure 

and pulling on the lesser omentum. This is a compensation mechanism via the 

reaction of the portal vein“ [LIEM et al. 2005; translation by myself]. 

 

In contrast, another author refers to the pulling force on the lesser omentum, 

leading to a central venous decongestion:  

 

“The mesos encounter pulling forces. They compress the nerves and vessels 

running inside of them (like a waffle iron the pastry). […] Additionally, the blood in 

the large veins is decongested to central by a traction” [HELSMOORTEL et al. 

2002; translation by myself].  

 

It is the aim of this experimental study to investigate potential physiological changes 

in the portal vein caused by a manual intervention, in special by a specific 

osteopathic visceral technique on the lesser omentum. 
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The null hypothesis underlying this study is:  

A mobilisation of the lesser omentum has no influence on the blood flow in the 

portal vein. Additionally, no physiological alterations can be achieved. 

 
Scientific studies for the determination of the portal blood flow were performed 

several times in the past by means of echo-Doppler ultrasound. They are pointing 

out highly reliable results [IGNEE et al. 2002, HUCK 2004, BOMBELLI et al. 2005]. 

Furthermore, these ultrasound examinations have no adverse effects and they are 

inexpensive [KUBALE / STIEGLER 2002, DEGUM 2004, DEGUM 2006]. 

 

Due to my local possibilities, the support by medical specialists in the sonographic 

measurements and the sanitary and economic arguments mentioned before, this 

experimental fundamental research study was brought into being in the sense of a 

scientific contribution for osteopathy. 
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2. Hemodynamic Fundamentals 

In this section of the master thesis, I will describe the fundamental terms and 

contexts necessary to understand the following chapters. On the one hand, these 

are physical terms, as e.g. volumetric flow rate, pressure and flow resistance – on 

the other hand these are physical laws, as Ohm’s or the Hagen–Poiseuille law.  

These terms and laws serve for a better understanding of the physiologic changes 

that shall be investigated in this study. Thus, at first, I want to provide a first insight 

in the physical behaviour of blood within the human vascular system. 

 

Generally, the flow behaviour of fluids is described by the laws of hydrodynamic. 

The field of hemodynamic, in special, is dealing with the flow behaviour of blood. 

Blood is a mixture of plasma and cellular constituents, with the erythrocytes as the 

largest fraction. Hemodynamic regularities can be applied to those vessels that are 

normally accessible for Duplex sonography, i.e. with a diameter of 0.5 mm or 

greater [KUBALE / STIEGLER 2007]. 

The portal vein has a diameter of between six and twelve millimetres [IGNEE et al. 

2002] or between seven and fifteen millimetres [HUCK 2004] and thus is underlying 

these regularities.  

 

Like all other fluids, blood has a certain property, called viscosity, that is 

determining the force that has to be applied in order to shear neighbouring fluid 

layers against each other. On the one hand, blood viscosity is dependent on the 

volume proportion of the haemoglobin-filled erythrocytes, on the other hand on 

plasma viscosity and vessel diameter [HARTEN 2007, KUBALE / STIEGLER 2007]. 

 

2.1. The Connection of Volumetric Flow Rate, Pressure and Flow 
Resistance  

Two physical factors determine the blood flow in a blood vessel: 

 

1. The pressure difference from the beginning to the end of the particular blood 

vessel as driving force.  

2. The flow resistance (vascular resistance) counteracting this force.  
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The volumetric blood flow rate (I) defines the blood volume per time unit (ml/sec, 

ml/min, l/min) perfusing a vessel. It is directly proportional to the pressure difference 

(∆ p) from the beginning to the end of the perfused vessel and inversely 

proportional to the flow resistance (R).  

 

These connections can be clearly observed in a law in the style of Ohm’s law for 

electricity [HARTEN 2007]. 

 

           ∆ p   ∆ p = pressure difference  
  I =  ———   I = volumetric blood flow rate 
                      R   R = flow resistance 
 
 
However, this equation does not take into account pressure changes caused by 

pulsation. Therefore, it is valid for the temporal mean, only. That means the 

pressure difference is calculated using the difference of the mean arterial and mean 

venous blood pressure of a vascular area [KUBALE / STIEGLER 2002]. 

 

The physician and physiologist Poiseulle (1799 – 1869) detected, that the flow 

velocity of liquids is dependent on the length and diameter of the vessels, as well as 

on the pressure difference. He drafted the Hagen-Poiseuille law (which was 

originated by Gotthilf Hagen in 1939), describing the flow velocity of liquids in 

narrow tubes. 

This law is valid for fluids with constant viscosity and laminar flow, only. According 

to this law, the volumetric flow rate is determined by the pressure difference, the 

viscosity of the medium and the length and radius of the vessel [KAMKE 1994, 

HARTEN 2007]. 

This law implies the following: “The flow resistance is directly proportional to 

viscosity and the length of the vessel and indirectly proportional to the fourth power 

of the vessel radius.” Consequently, small changes in radius are causing great 

changes of the resistance and at constant pressure difference great changes of 

volume flow rate, too [KAMKE 1994, SILBERNAGEL / DESPOPOULOS 2001, 

HARTEN 2007].  

 

Since this law describes the perfusion velocities of fluids through tubes, the flow 

velocity shall be viewed more precisely. 
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2.2. Flow Velocity 

The Hagen-Poiseuille law implies that pressure difference and vessel radius are 

factors, which influence the flow velocity [KAMKE 1994, HARTEN 2007]. 

    

      I = volumetric flow rate 
            π · r4 · ∆ p   r = radius of tube 
  I =     —————  η = dynamic viscosity 
     8 · η · l   l = length of tube  
      ∆ p = pressure drop 
 

According to the equation above, a halfing of the vessel radius at constant 

volumetric flow rate leads to a quadruplication of the flow velocity.  

 

The principle of continuity implies that flow velocity is lower in tubes with large 

radius, than in tubes with small radius. That means flow velocity is indirectly 

proportional to the perfused profile [KAMKE 1994, HARTEN 2007]. 

 

Therefore, the accuracy of the measurement of the diameter of the portal vein is of 

importance for the examination of the capacity of the portal vein. The measured 

diameter influences the measurement result substantially.  

A more precise description of the standardisation of this point can be found in 

chapter 8 (Methodology).  
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3. Hemodynamic of the Arterial Vascular System 

The circulatory hemodynamic processes (they will be further described in chapter 5) 

show besides others, that the arterial vascular system can have an influence on the 

perfusion of the portal vein, either by an inter-relation with the hepatic artery or by 

the arteriolar resistance vessels in the splanchnic region [LAUTT / GREENWAY 

1987, TAKALA 1997, WIEST et al. 2000]. 

 

Apart from the tasks of the arterial vascular system, I will explain the regulation of 

the flow rate by the local peripheral resistance. Apart from this local peripheral 

resistance, pressure regulation caused by hemodynamic reflexes can co-influence 

the blood flow in the portal vein, too, as will be described in this chapter. 

 

3.1. Tasks of the Arterial Vascular System 

The arterial vascular system fulfils two fundamental purposes. One is to modify the 

exclusively systolic pressure and volume shift into a steady systolic/diastolic 

pressure and volume transport. This task is accomplished by the elastic properties 

of the arterial walls in the trunk and is designated as “Windkessel function”.  

 

Apart from this general task serving the overall blood circulation, another purpose of 

each arterial vessel is to supply the according organ with the currently necessary 

portion of blood as a transport vessel [HUCK 2004, BENNINGHOFF / 

DRENCKHAHN 2008]. 

 

3.2. Flow Rate and Peripheral Resistance 

The blood volume, running through a vessel to an organ per time unit is designated 

as flow rate, as was described more in detail in chapter 2. Its unit is millilitre per 

second [ml/s] or millilitre per minute [ml/min].  

The flow rate is adapted to the particular state of functioning of an organ via a 

change of the local peripheral resistance, that is primarily determined by the 

arterioles and precapillar sphincters of the organ provided for.  
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On high demand, these sphincters are set wide and they allow a high inflow into the 

corresponding capillary bed from the supplying artery. If less blood is needed, afflux 

from the arteries is curtailed by setting them narrow.  

 

The relationship between local inflow and peripheral resistance is described by 

Ohm’s law. Since blood – as each other fluid – is not compressible and since the 

blood stream cannot break down in an intact vessel, the same volumetric flow rate 

can be observed in each complete profile of the circulatory system.  

This accounts not only for the local volumetric flow rate in a ramified supplying 

vessel but also for each single unramified vessel.  

 

While the flow rate in a certain condition of the systemic circulation is longitudinally 

constant in a part of the systemic circulation with its ramifications or in the course of 

a single unramified vessel, the flow velocity varies in dependence of the vessel 

diameter. The flow velocity increases by vasoconstriction and decreases by 

vasodilation. 

 

Apart from the volumetric flow rate, the hemodynamic situation of an arterial vessel 

can be characterised by means of the blood pressure, too. In contrast to the 

volumetric flow rate, the systolic and the diastolic blood pressure are not equal all 

over the circulatory system [HUCK 2004, HARTEN 2007, BENNINGHOFF / 

DRENCKHAHN 2008]. 

 

3.3. Arterial Pressure Regulation by Hemodynamic Reflexes  

FINET UND WILLIAME (2002) describe the following special arterial reflex activity 

for the regulation of arterial blood pressure in connection with hemodynamic and 

visceral dynamic. 

 

This pressure regulation of the arterial vessels is dependent on a system, consisting 

of two parts, which is denominated as „baroreceptor system”: 

 

● The ramus enteroseptivus nervi vagi (efferent parasympathetic fibres on the 

cardial branch of the vagus nerve also called Cyon-Ludwig’s nerve):  
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The receptive fibres, which disperse in the endothelium of the arcus of the aorta 

run with the vagus nerve to the medullar bulb. This nerve has a moderating 

function, its stimulation ends in hypotension by cardial moderation and by active 

vasodilatation and inhibition of the vasoconstrictive tonus [FINET / WILLIAME 

2000]. 

 

● The ramus sinus carotici (carotid branch of the glossopharyngeal nerve, also 

called nerve of Hering): 

 It originates from the bifurcation of the common carotid artery, where it ramifies 

into the internal and external artery. The baroreceptors are located at the 

bifurcation. The carotid body (glomus caroticum) comprises chemoreceptors that 

are sensible for oxygen - and carbon dioxide concentration.  

 

The aggregated nerve endings of the ramus sinus carotici run to the medullar 

bulb with the glossopharyngeal nerve. This nerve is inhibitory active and is equal 

in function to the ramus enteroseptivus nervi vagi, although the ramus sinus 

carotici is much more sensitive. 

 

Summing up, pressure regularises pressure – so that even the mechanism of 

such a regulation seems to be possible via reflexes, only. The capacity for a 

vasomotoric change represents the main element of this reaction, and the 

reflexes are the basis [FINET / WILLIAME 2000]. 
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4. Hemodynamic of the Venous System 

On the one hand, the venous system differs from the arterial system in anatomical 

vessel structure, on the other hand in physiology and in the reaction to the different 

requirements and tasks, as e.g. the filling pressure [HUCK 2004, BENNINGHOFF / 

DRENCKHAHN 2008]. 

 

At first, apart from the task of the venous system, I will describe the volume- and 

pressure distribution in this low-pressure system, followed by the experiments by 

GLÉNARD (1899) and the explanations by HELSMOORTEL (2002), in which the 

portal vein is integrated in a compensation mechanism of the liver for reattaining its 

spatial position. 

 

4.1. Tasks of the Venous System 

The venous system of the systemic circulation, the right heart, the lung vessels and 

the left atrium together constitute a functional unit that is called “low-pressure 

system” because of the low mean blood pressure compared to the blood pressure 

in the arterial vascular system.  

 

It is an essential task of this heterogeneous part of the systemic circulation, to grant 

a heart-time volume, which is adapted to the particular condition of the systemic 

circulation by an adequate diastolic filling of the left ventricle with oxygenated blood. 

For this purpose, the deoxygenated blood flowing in from the capillaries is collected 

and stored in the venous sections of the systemic circulation, and then runs to the 

right heart according to its needs.  

Hence, the crucial tasks of the venous sections of the systemic circulation are its 

storage- and transport function [HUCK 2004]. 

 

For storing a sufficient amount of blood, the vessels of the low-pressure system 

have to feature a high distensibility in comparison to the arteries.  

The pressure-volume relation illustrates the relation between filling pressure and 

filling volume (cf. Fig.1). The unfilled venous vessel features no considerable 

pressure. Pressure in the vessel increases only slightly up to a certain degree of 
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filling. A distinct increase in pressure can be observed not before the vascular wall 

puts up a resistance to further distension.  

Shape and size of the vessel profile change characteristically depending on the 

state of filling. A vessel, which is barely filled, has a profile of an eight. The vessel 

unfolds with increasing filling, accompanied by an only slight increase in pressure, 

to an oval and finally circular profile. Not before a circular profile is achieved, a 

distinct increase in pressure can be observed with further filling [HUCK 2004, 

SIEGENTHALER / BLUM 2006]. 
 

 

 

 

 

 

 

 

 
Fig. 1:  With increasing filling, the profile of a venous 
vessel changes from oval to circular (according to Huck 
2004) 
VR = filling volume at rest 
VD = active distension volume at rest. 
 
 

4.2. Volume- and Pressure Distribution in the Low-Pressure System 

The pressure difference between perivascular and intravasal pressure is called 

“transmural pressure“. If perivascular and intravasal pressure are equal, the 

transmural pressure is equal null.  

In many physiological and pathophysiological situations, the perivascular pressure 

differs from the intravasal pressure.  

Respiration, for example, modifies the perivascular pressure conditions in the 

rhythm of inspiration and exspiration, whereby the particular intrathoracic and 

extrathoracic changes in pressure are opposed. 

An inspiration leads intrathoracically to perivascular decompression, while 

extrathoracically it causes an increase in pressure by the lowering of the 
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diaphragm. During exspiration conditions are the other way round [FINET / 

WILLIAME 2000, SIEGENTHALER / BLUM 2006]. 

A momentary extreme increase can be observed during diverse events 

accompanying the abdominal press, particularly during a Valsalva-maneuvre, but 

also during coughing and sneezing [HUCK 2004]. 

 

Apart from the respiratory system, there are further possibilities for the volume- and 

pressure distribution, as will be shown in the following section dealing with the liver. 

  

GLÉNARD (1899) describes his observations and investigations concerning this 

matter in his 1000 - pages book Les Ptoses viscérales. 

He compares the liver with a bunch of grapes, hanging on their stem. The stem is 

the area nuda, representing an adhesion field, by which the liver is connected with 

the diaphragm upwards at the back.  

In an experiment, the liver was filled with approximately one litre of a liquid by 

means of an injection into the portal vein. As a result, the liver erected on its shaft 

forwards, upwards and to the right side by itself. 

From this, Glénard concludes, that the liver is autonomously able to stay on its 

place. According to him, this fact explains, too, that an enteroptosis does not 

imperatively implicate a ptosis of the liver, if the liver can hold its position on its own 

ability.  

 

HELSMOORTEL (2002) interprets a loss of position of the liver on the basis of 

Glenard’s understanding, as follows:  

A hypotense liver, losing its position by its weight, is administering pressure to the 

organs below and in consequence “squeezes them out” to a higher extent. The 

resulting increased blood volume is pressed into the portal system and necessarily 

passed on to the liver. This elevated filling pressure during a longer increased tonus 

of the „wall” leads to an increase in tension of the liver. This enables the liver to 

erect by itself and to acquire its normal position.  

 

Helsmoortel uses the term “tension” for the characterisation of the quality of the 

elastic expression of the viscera and organs. Hence, according to him, tension 

arises from the pressure of the content and from the tension of the wall of the 

viscera or organs.  
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5. Hemodynamic of the Liver  

The physical factors in hemodynamic fundamentals and the vascularisation of the 

liver are able to influence the capacity of the portal vein. As already described in 

chapter 2, hemodynamic describes the blood flow in dependency on the 

accountable forces – flow rate, pressure and flow resistance. 

In this chapter, I will go into detail of those aspects that are in direct connection with 

the topic of this work. Starting with an overview about the dual vascularisation of the 

liver, I will describe the afferent and efferent blood vessels. The regulation of the 

hepatic perfusion takes place at macroscopic level as well as in the field of the 

interaction between the hepatic artery und the hepatic portal vein and finally also at 

micro-level. In the course of this, intrinsic as well as extrinsic influences play a 

crucial part. In this section, I will concentrate on these. 

 

5.1. General Information about the Vascularisation of the Liver 

The hepatic total flow in human beings at rest averages 800–1500 ml/min. In the 

point balance, the perfusion of the liver accounts for approx. 25% of the heart-time 

volume and thus the liver belongs to the best-perfused organs of the body [LAUTT / 

GREENWAY 1987, WIEST et al. 2000]. 

The liver is supplied with blood via the hepatic artery and parallely via the portal 

vein in a ratio of 20-25% to 75-80% [SCHENK et al. 1962, ROCHELEAU et al. 

1999, WIEST et al. 2000]. 

 

The blood of the hepatic portal vein flows through the junction of the splenic vein, 

the inferior mesenteric vein and of the superior mesenteric vein. The hepatic artery 

proper originates from one of the terminal branches of the common hepatic artery 

descending from the celiac arterial trunk.  

The portal vein delivers the venous and deoxygenated blood from the spleen, the 

stomach, the intestine, and pancreas into the liver. Its finer ramifications envelop 

the smallest terminal vessels of the liver, the so-called sinusoids. 

 

The hepatic artery supplies the liver with oxygenated blood.  

The blood of these two separate vascular systems mixes in the hepatic sinusoids 

and runs into the inferior vena cava via the hepatic veins. The portal vein receives 
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its afflux from the abdominal venous vessels and thus it reflects the whole perfusion 

of the splanchnic region [BENNINGHOFF / DRENCKHAHN 2008]. 

 

Although the portal vein contributes most to the total liver blood flow with 

approximately 70%, its contribution to the oxygen supply for the liver is only 50%, 

since the blood from the portal vein is partially de-oxygenated during the passage 

through the capillaries of the gastrointestinal tract.  

 

The proportions of the dual liver blood supply of the hepatic artery and the portal 

vein particularly vary in dependency on ingestion [LAUTT / GREENWAY 1987, 

DAUZAT et al. 1994]. Apart from this, the flow in the portal vein is relevantly 

dependent on the perfusion of the splanchnic organs and thus of the resistance in 

the arterioles ahead of the gastrointestinal tract [TAKALA 1997]. 

 

Influences like anaesthetics or abdominal surgical measures can also cause 

changes in the hepatic circulation [ROTHE et al. 1998]. 

 

5.2. The Vascularisation of the Liver 

In the initial stages of liver development, a right and left umbilical vein, a right and 

left vitelline vein and the bilateral cardinal veins are laid out. These vessels join the 

right and left sinus horn. 

 

The both vitelline veins have a close relation to the endoderm and run directly aside 

of the intestinal tube. They are interconnected across the midline by three 

transverse anastomoses, of which two run in front of and one behind the intestinal 

tube.  

 

The sprouting liver parenchyma builds up connections to the veins, and a network 

of further blood sinus develops, interspersing the liver parenchyma. A uniform 

feeding vessel stem, situated left of the duodenum develops by obliteration of 

cranial sections of the vitelline veins and of the transverse anastomoses. This is the 

later portal vein [BENNINGHOFF / DRENCKHAHN 2008]. 

The vascularisation of the liver is characterised by two pathway systems. The portal 

and arterial inflow takes place on the visceral surface of the liver in the region of the 
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hepatic porta. The efflux hilus with the according hepatic veins is located at the 

dorsal side of the liver. The individual vessels can be described with regard to 

perfusion as follows: 

5.2.1. The Hepatic Artery 
 

A multitude of variants concerning the pathway of the hepatic artery is described in 

literature [BENNINGHOFF / DRENCKHAHN 2008]. 

The most frequent pathway of the hepatic artery is the origin from the celiac trunk 

together with the splenic artery and the left gastric artery. It reaches the 

hepatoduodenal ligament dorsal of the duodenum.  

 

BOUCHET / CUILLERET (2001) describe this part as vascular part of the lesser 

omentum. Most often the artery ramifies into a right and left branch immediately 

before its entry into the liver parenchyma. I will not elaborate on further single 

ramifications that can be observed intrahepatically [BENNINGHOFF / 

DRENCKHAHN 2008]. 

5.2.2. The Portal Vein 
 

In the valveless efflux region of the splanchnic region, blood is transported to the 

liver. The structural unit develops dorsal of the head of the pancreas from the 

superior mesenteric vein and the lienal vein. Similar to the hepatic artery, 

tremendous variations are possible.  

Alike the hepatic artery, the portal vein enters the liver parenchyma, where 

subsequent intrahepatic ramifications take place, in the hepatoduodenal ligament 

(vascular part of the lesser omentum). 

 

The perfusion of the portal vein is not subject to any relevant intra-hepatic control. 

The maximum sphincter contraction causes an increase in pressure of the portal 

vein, but, however, it has no influence on its perfusion [LAUTT / GREENWAY 1987, 

WIEST et al. 2000].  

 

Since the portal vein is primarily perfused by blood from the outflow region of the 

prehepatic organs, oxygen concentration as well as hydrostatic pressure is low 
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compared to the hepatic artery. The low pressure in the portal vein as well as the 

high flow rate, require a low vascular resistance.  

The low-pressure system brings about, that the flow velocity remains almost the 

same when the vascular resistance changes. Therefore, the perfusion of the portal 

vein is dependent on the inflow from the preportal organs.  

 

The blood in the portal vein is under higher pressure than the blood in the vena 

cava at the same level, and thus it can surmount the resistance of the liver circuit 

[TAKALA 1997, BENNINGHOFF / DRENCKHAHN 2008]. 

5.2.3. The Hepatic Veins 

The venous outflow region of the liver begins in the sinusoidal central veins, from 

where the blood is drained into the hepatic veins via the sublobar veins. The hepatic 

veins originate inside the organ from the aforesaid sublobular veins, which are fed 

by the central veins.  

The large branches run between the segments. They incorporate veins from vicinal 

segments, and thus do not abide by the supplied area of single branches of the 

portal vein. The three upper hepatic veins, the right and left as well as the middle 

hepatic vein, join the vena cava inferior directly below the diaphragm 

[BENNINGHOFF / DRENCKHAHN 2008]. 
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5.3. The Regulation of Hepatic Perfusion 

The hemodynamic of the liver is subject to various influences – starting from the 

cardiac output to the smallest hepatic vessels [BENEDIKT / PANNEN 2002]. 

Hence, a main factor for the regulation of hepatic perfusion is the vascular flow 

resistance, which underlies extrinsic as well as intrinsic regulating factors.  

5.3.1. The Intrinsic Blood Flow Regulation 
 

The intrinsic blood flow regulation is characterised by the following mechanisms: 

  
● the classical arterial pressure - flow autoregulation 

 

● the semiprocal relationship between the hepatic artery and the portal vein 

(“Hepatic Arterial Buffer Response - HABR“) 

 

● differences in connection with the portal venous and hepatic arterial blood, 

inducing changes of the hepatic arterial blood flow  

 
The arterial pressure - flow autoregulation results from the tendency of the local 

blood flow to remain constant, despite changes of the systemic arterial pressure. 

This autoregulation tendency was attested by a certain adenosine mediated 

autoregulation capacity [HANSON / JOHNSON 1966, EZZAT / LAUTT 1987]. In 

consequence, this local adenosine release is of high importance also for intrinsic 

mechanisms.  

 

These intrinsic mechanisms cause a regulation of the hepatic arterial blood flow and 

of the perfusion of the portal vein (and hence of the splanchnicus) in dependency 

on intra-hepatic regulation mechanisms. Examples are the semireciprocal change in 

blood flow in the hepatic artery during increase or decrease of the portal blood flow, 

which is denominated “Hepatic Arterial Buffer Response (HABR)“ [LAUTT / 

GREENWAY 1987]. 

Changes in the portal venous blood flow produce inverse changes in flow in the 

hepatic artery by this mechanism, independent of oxygen demand or supply. This 

HABR tends to maintain the total blood flow in the liver at a constant rate which, in 
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turn, tends to maintain portal and intrahepatic pressures, liver blood volume and 

hepatic clearance of drugs and hormones steady [LAUTT et al. 1991]. 

 

The HABR is proposed to operate by the following mechanism that is based on 

adenosine washout. Adenosine is produced at a constant rate, independent of 

oxygen supply or demand. It is secreted into a very small fluid compartment that 

surrounds the hepatic arterial resistance vessels. If portal vein flow decreases, less 

adenosine is washed away into the portal blood and the accumulated adenosine 

leads to hepatic arterial dilatation. The second form of intrinsic hepatic arterial 

autoregulation is arterial autoregulation. This operates by the same mechanism, 

whereby a decrease in arterial pressure leads to a decrease in arterial hepatic 

blood flow, thus resulting in less adenosine washout into the hepatic artery blood. 

These intrinsic regulatory mechanisms tend to maintain total hepatic blood flow at a 

constant level, thus stabilizing hepatic clearance of hormones, venous return, and 

cardiac output. In addition, extrinsic factors such as circulating hormones, 

autonomic nerves, and various nutrients can interact to affect the hepatic circulation 

and will be described in the following chapter [LAUTT 1996]. 

 

Apart from the classical arterial pressure - flow autoregulation and the mechanism 

of the “Hepatic Arterial Buffer Response“, changes in the portal venous and/or 
hepatic arterial blood composition can influence hepatic blood flow additionally.  

 

Hypercapnia, hypoxia, and the postprandial hyperosmolarity lead to an increase in 

the blood flow in the portal vein as well as in the hepatic artery. In contrast, changes 

in the pH-value cause reverse reactions in both vessels.  

While a metabolic acidosis lowers the portal venous blood flow and raises the 

hepatic arterial blood flow, an increased perfusion of the portal vein and a flow 

reduction in the hepatic artery is caused by a raising pH-value [MATHIE / 

BLUMGART 1983]. 
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5.3.2. The Extrinsic Blood Flow Regulation 
 
Apart from the intrinsic influences described above, additional neuronal and 

humoral factors are available for the human organism for the regulation of liver 

perfusion. First, I will describe the neuronal factors.  

5.3.2.1. Neuronal Factors 
 
The liver is innervated by the sympathetic and parasympathetic nervous system. 

Branches of the nervus splanchnicus and the vagus nerve enter the liver 

predominantly in connection with the blood vessels or bile ducts. At that, 

sympathetic and parasympathetic nerves form a corresponding plexus, which ends 

in arterioles and venules.  

 

The liver receives the sympathetic nerval input from the medullar level Th 6 – 9. 

The sympathetic nerve passes bilaterally without interconnections through the 

sympathetic trunk and proceeds as greater splanchnic nerves via both crura 

diaphragmatica to the celiac ganglion. They form the hepatic plexus, which 

encloses the hepatic artery and reach the hepatic porta and the parenchyma 

[LAUTT 1980, ROHEN 2001, BENNINGHOFF / DRENCKHAHN 2008].  

 

The neurological mechanism that influences the hepatic perfusion, is in principle the 

sympathetic activity of the nervous system. Sympathetic nerve stimulation causes 

an increase of the arterial as well as of the portal resistance [MATHIE / BLUMGART 

1983, TAKALA 1997] and thus a reduction of the blood flow and blood volume in 

the liver [LAUTT 1980]. 

 

The right and left vagus nerves supply the liver parenchyma parasympathetically. 

The right vagus nerve crosses the celiac ganglion with two thirds of its fibres and is 

interconnected there forming an anterior hepatic plexus for the supply of the left 

lobe and a posterior hepatic plexus for the supply of the right lobe [ROHEN 2007]. 

The capsule of the liver (Glisson’s capsule), covered with peritoneal epithelium, and 

the falciform ligament are primarily supplied and sensory- innervated by the rami 

phrenico-abdominales of the right phrenic nerve [BENNINGHOFF / DRENCKHAHN 

2008]. 
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For the understanding of osteopathic techniques, we should know which influence a 

mechanic stimulation of the nerves has on the enteric nervous system. Nerves 

develop under pulling forces, whereby the nerve fibres grow from proximal to 

peripheral and establish contact with the already functioning enteric nervous 

system. Subsequently, they are lengthened by the growth movements of the 

organs. The pulling force also causes the long thin conformation of the nerves, what 

can be characteristically cited by the following statement: 

From the biomechanical viewpoint, nerves are structures, which are pulled 

[BLECHSCHMID / GASSER 1978]. 

 

KUNZE et al. (1998 und 2000) could verify that a stretch on the nerve has effects 

on the ion channels in the nerve membrane. Neurons of the enteric nervous system 

have ion conducting pores on their cell bodies and cell extensions that are sensitive 

to pulling forces. Electric potentials are activated in the nerve by mechanic 

stimulation.  Thus, the sensory neurons are subject to mechanic deformation.  

 

The arterial vasoconstriction (by sympathetic stimulation) is temporal and has 

similar autoregulatory potentials like the intestinal vasoconstriction. 

 

In contrast, the portal response starts slower, but the increased resistance sustains 

as soon as it has developed. The sympathetic nerve stimulation reduces the hepatic 

volume in addition to the vascular resistance, supposably by a contraction of the 

hepatic capacitary vessels. This reduction in volume starts slowly and persists as 

long as the stimulation continues [TAKALA 1997]. 

 

Apart from the maintenance of the normal vascular tonus, by this, a large part of the 

hepatic blood reserves can be mobilised. That way, a stimulation of the sympathetic 

nerve branches induces a reduction of the hepatic blood flow and hence of the 

blood volume, which can be quickly and precisely distributed as a response to the 

autonomous innervation [LAUTT 1980, ROTHE / MAASS - MORENO 1998]. 

 

The parasympathetic innervation seems to influence rather the regional hepatic 

blood distribution than the global hepatic flow by a stimulation of the presinusoidal 

sphincters [LAUTT 1980]. 
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5.3.2.2. Humoral Factors 
 
Under physiologic conditions, the perfusion of the liver is predominantly influenced 

by the vasoconstrictoric active endothelin-1 (ET-1) and the vasodilatatoric acting 

gaseous nitric oxide (NO) and carbon monoxide (CO) [PANNEN / BAUER 1998, 

BENEDIKT / PANNEN 2002]. 

 

Endothelines (ET) are peptides, whereby ET-1, which is essential for the liver, is 

generated in the sinusoidal endothel- and Kuppfer- cells [CLEMENS / ZHANG 

1999, BENEDIKT / PANNEN 2002]. 

 

Nitric oxide plays an important part in the reduction of the basal tonus of many 

vessel beds, inclusively of those of the liver. Carbon monoxide is a gaseous 

molecule, which dilates hepatic vessels. Both monoxides contribute to the 

relaxation of smooth vessel muscle cells [PANNEN / BAUER 1998, BENEDIKT / 

PANNEN 2002]. 

 

Apart of the factors described above, gastrine and glucagon additionally favour the 

dilatation of the blood vessels [LAUTT / GREENWAY 1987]. 

 

5.4. The Microcirculation of the Liver 

The microvascular unit of the liver is the hepatic acinus. Therefore, the acinus, a 

subunit of the parenchyma, is the functional unit of the liver. It consists of 

approximately 100.000 parenchyma cells that are arranged in a botryoid form. The 

end branches of the arterioles and venules unite to the parenchyma cells. The 

vascular stem extends to the centre of the acinus where hepatic arterial and venous 

blood is mixed in the Rappaport zone [LAUTT / GREENWAY 1987, 

SIEGENTHALER / BLUM 2006]. 

 

In the acinus of the liver, three functional zones can be delimited, which are shell-

like arranged around the central axis of the vessel and which are reflecting the 

different supply of the hepatocytes of an acinus with oxygenated blood, nutrients 

and hormones.  
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Zone 1 comprises the hepatocytes that directly enclose a portal field; these 

hepatocytes are washed around with blood of highest oxygenation and highest 

content of nutrients and hormones.  

 

Zone 3 comprises the hepatocytes that are furthest apart from blood supply of a 

portal field within an acinus. 

 

Zone 2 lies in between the two zones described above [LAUTT / GREENWAY 

1987, SIEGENTHALER / BLUM 2006, BENNINGHOFF / DRENCKHAHN 2008]. 

 

In the liver, the terminal capillary bed between arterial inflow and venous outflow is 

denominated as “microcirculation”.  

In this zone, all of the blood supply, which is vital for nutrition, as well as the 

gaseous exchange between blood and tissue take place. Maintaining the 

microcirculation is essential for the appropriate supply of the organ. It is evident 

from the above-mentioned three metabolic zones that describe the structure of the 

acinus, that oxygen deficiency takes effect in the pericentral zone 3 at first.  

 

A large part of liver perfusion is controlled by the blood volume provided by the 

portal vein. The vessels of the splanchnic region with their sphincters directly 

influence the organ perfusion. Changes of the portal circulation are compensated as 

far as possible by an increase of the arterial blood flow. 

 

Since the pressure in the arterial system is approximately eight to ten times higher 

than the pressure in the portal venous system, the blood pressure has to be 

substantially reduced in an arteriole segment ahead of the liver capillaries that 

discharge into the sinusoids.  

 

Sphincters in the form of smooth muscle cells are situated in the arterial vessel bed, 

above all at the ramifications of arteries and interlobar arterioles. The portal venous 

and the intrahepatic pressure are primarily controlled by the venous sphincters. 

Since sphincters are manifoldly supplied with nerves, this can be fulfilled via a 

vegetative control of the blood flow in the lobule, e.g. by vasoconstriction and –

dilatation, respectively [REILLY et al. 1981, LAUTT / GREENWAY 1987]. 
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Perfusion is considerably dependent on age [WYNNE et al. 1989, ZOLI et al. 1989 

and 1999], body height, and weight [GALLIX et al. 1997], on the general 

hemodynamic [BENEDIKT / PANNEN 2002], as well as on the intrathoracic and 

intraabdominal pressure conditions [FINET  / WILLIAME 2000]. 

 

Additionally, the influence of respiration and gravitational force is described with 

regard to their effects on the infradiaphragmal venous system [SUGANO et al. 

1999, HSIA et al. 2000, FINET / WILLIAME 2000]. 

 

5.5. Summary 

The hepatic blood flow is regularised on different levels. Alterations on each of 

these levels can cause changes in the nutrient supply via the sinusoids of the liver. 

It can be differentiated in intrinsic and extrinsic factors, as was described more in 

detail in the previous chapters 5.3.1 and 5.3.2. 

 

The first level of regulation is the systemic circulation. Besides others, a declination 

of the heart cardiac output and a reduction of the arterial blood flow by redirection 

into other vascular beds can reduce hepatic perfusion [BENEDIKT / PANNEN 

2002]. 

 

The second level of regulation concentrates directly on the regional 

macrocirculation. Via the hepatic artery and portal vein, blood is transported to the 

liver. The volume of the blood flow in the hepatic artery is determined by its vascular 

resistance. Since the hepatic artery has only low autoregulatory capacities, the 

ability to constantly maintain the arterial hepatic blood flow rate during a decline of 

the arterial perfusion pressure is limited.  

The hepatic arterial resistance can serve as a buffer for maintaining the portal flow 

and in this way it can keep the whole hepatic blood flow constant. This mechanism 

is also known as “Hepatic Arterial Buffer Response“ [LAUTT / GREENWAY 1987]. 

 

The portal vein drains most of the venous blood from the abdominal organs. 

Therefore, the portal venous flow is also dependent on the arterial inflow resistance 

to these organs [BENEDIKT / PANNEN 2002]. 
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The third level of regulation is the hepatic microcirculation. Changes on the 

microvascular level have been interpreted as a result of systemic and regional 

macrodynamic changes for a long time, and additionally as an obstruction of the 

sinusoidal lumen by dilated perisinusoidal cells, trapped blood cells or thrombotic 

material. However, there are also descriptions that the sinusoidal flow is actively 

regularised at the level of microcirculation [BENDIKT / PANNEN 2002]. 

 

Apart of these three levels, the orthosympathetic and the parasympathetic nervous 

system, as well as humoral substances as adrenaline, noradrenaline, 

angiotensine II, gastrin, and glucagon influence the regulation of the blood flow in 

the liver [LAUTT 1980, REILLY et al. 1981, MATHIE / BLUMGART 1983, LAUTT / 

GREENWAY 1987, ROTHE / MAASS – MORENO 1998, PANNEN / BAUER 1998, 

BENEDIKT / PANNEN 2002, SIEGENTHALER / BLUM 2006].  

 

5.6. Influence of the Diaphragm on the Hemodynamic of the Portal 
Vein 

The dynamic function of the diaphragm is described as the motor of the visceral 

dynamic in osteopathy. Its importance is also brought into context with a key role in 

circulation [FINET / WILLAME 2000, LIEM et al. 2000, HELSMOORTEL et al. 2002, 

BARRAL / MERCIER 2005]. 

 

In the hypothesis of FINET / WILLIAME (2000), the contraction of the diaphragm 

during inspiration causes a compression of the visceral mass and thus also of the 

veins running inside it. Therefore it plays an important part in venous blood flow. 

The negative intrathoracic pressure, arising in the thorax by inhalation efficiently 

acts at the level of the blood in the veins themselves and at the level of the right 

atrium of the heart [FINET / WILLIAME 2000]. 

 

In addition to this, HELSMOORTEL (2002) describes in his model, that the 

peritoneal content is not moved by the diaphragm during respiration at rest, but 

however, it is compressed by the lowering diaphragm. Simultaneously, the 

abdominal body wall reflexively increases its resting tonus, so that the compression 

finally happens uniformly from all sides.  
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During the first compression phase, the intraperitoneal pressure increases - this 

pressure acts from all sides and with equal force. During the second phase, the 

portal blood runs into the caval system, whereby the volume is decreased. In the 

course of this, according to the author, the organ position is not changed relatively 

to their particular supplying neurovascular structures [HELSMOORTEL et al. 2002]. 

 

According to the hypothesis of FINET / WILLIAME (2000), in addition to the 

mechanisms described above, the neck veins collapse during inspiration. The 

important part that respiration takes concerning the venous circulation, manifests in 

the subdiaphragmatic venous circulation too. The effect of the factor breathing is 

added to with the intra-abdominal compression during inspiration [FINET / 

WILLIAME 2000]. 
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6. Mobility in Visceral Osteopathy 

In osteopathy, mobility is defined as a passive motion of the viscera and organs by 

the extrinsic forces of respiration or of the cardiovascular system. This assumption 

bases on the following statement: 

“In fact, mobility plays a part only as breath-induced viscero-diaphratic movement, 

so that osteopaths almost exclusively speak of mobility in connection with 

respiration“ [HELSMOORTEL 2002; translation by myself]. 

 

Within the theory of HELSMOORTEL (2002), a spatial movement of the viscera is 

physiologically unnecessary, except for the lungs during breathing. During resting 

respiration, the centre of mass of the abdominal organs and viscera is not moved 

and the abdominal content is compressed only.  

A spatial movement of mobility during resting respiration is physiologically not 

normal. That means, it is an indication for compensatory activity, if respiration is 

needed for the mobilisation of the organs. In this case, mobility stimulates external 

and internal functions, which support the organ to re-gain its autonomy 

[HELSMOORTEL et al. 2002].  

 

In this context, FINET / WILLIAME (2000) speak of a “phrenic-mediastinal-vertebral-

cranial chain“– a complex of anatomical-physiological loss at the cardiocircular, 

lymphatic, neurovegetative, neurophysiological, psychosomatic and somatopsychic 

levels. By this, they additionally stress the importance of a thoracolumbal 

diaphragm in reference to functionality in their hypothesis.   

 

6.1. Movement of the Diaphragm during the Phases of Mobilisation  

During enhanced inspiration, the diaphragm intensifies its motoric activity. With 

increasing depth of breathing it also changes its direction of motion and its shape 

[CLUZEL et al. 2000]. 

 

HELSMOORTEL (2002) assumes that the movement of the diaphragm as a 

compensatory activity can be divided into three different phases that are passed 
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one after another with three different directions of motion. During each phase, the 

author describes a stimulation activity at another vascular level.  

6.1.1. Mobilisation Phase 1 

In the model of HELSMOORTEL (2002), the diaphragm lowers deeper than in rest. 

It rotates around a frontal axis to anterior; the lateral and posterior muscle strands 

are subject to pre-stress. By this, the organs below the cupula rotate forwardly. That 

means they move in space, what can be denominated as “spatial mobility”. 

In the course of this, the organ is moved relatively to its vessel trunk.  

The vessels are subject to mechanical stress. In this process, the arterial structures 

near the organ are pulled first. If the organs are compressed a little bit more and if 

they are wrung, the intrahepatic pressure increases.  

Hence, the portocaval pressure gradient increases and consequently an enhanced 

depletion of the portal blood into the caval system is the result. This effect helps to 

eliminate the venous congestion [HELSMOORTEL et al. 2002]. 

6.1.2. Mobilisation Phase 2 

According to the theory of HELSMOORTEL (2002), the diaphragm lowers further 

and additionally rotates outwardly in this phase. By this, the mesos encounter 

pulling forces. In inspiration, this expands the already existing traction to the 

periphery of the organs. The liver encounters an exterior rotation, the lower part of 

the stomach is horizontalised, and its upper part rotates exteriorly, too. Therefore, 

tension is added to the lesser omentum from both sides.  

“The mesos encounter pulling forces. They compress the nerves and vessels 

running inside of them (like a waffle iron the pastry). […] “ [HELSMOORTEL et al. 

2002; translation by myself].  

6.1.3. Mobilisation Phase 3 

In the model of HELSMOORTEL (2002), a rotation of the diaphragm to posterior 

and a lowering to backwards is achieved in this phase, which is equivalent to the 

end of an inspiration. 

At the same time, the superior parts of the liver and stomach rotate to posterior, too, 

while the inferior parts and those at the back of the organs lower further. As a 

consequence, a kind of vertical erection of liver and stomach is the result. The 

content of the radix and the trunk, as well as the vessel stems of the inferior and 
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superior mesenteric arteries are mechanically stressed and stimulated by the 

pulling on the mesos to posterior [HELSMOORTEL et al. 2002]. 

 

Echographic investigations by FINET / WILLIAME (2000) showed the following, 

concerning this topic: 

 

The further apart an organ is from the diaphragm, the less it is influenced by the 

vertical diaphragmic pressure. Additionally, the transversal shifts in the frontal 

plane, described by the authors, disappear for the organs most remote to the 

diaphragm.  

 

However, all niveaus in the frontal plane lower during inspiration. During inspiration, 

a torsion of the stomach develops by different viscero-dynamics of the parts of the 

stomach (fundus and corpus move opposedly in frontal and sagittal direction). More 

exactly, the fundus tilts left, while the corpus tilts right. As a result of the fact, that 

the fundus lowers three times further than the corpus, the stomach quasi hangs 

itself up in its longitudinal axis [FINET / WILLIAME 2000]. 

 

As mentioned above, FINET / WILLIAME (2000) show a lowering of all niveaus in 

the frontal plane during inspiration - in particular, the liver lowers in systematic 

manner top to down, on average by 23.1 mm.  

Additionally, their examination showed slight transversal shifts and declinations 

without any obviously defined pattern. 

 

In the sagittal plane, a systematic shift of the liver from above to below arises from 

the diaphragm pressure. Although additional anterior - posterior shifts and tilts were 

observed, no clear pattern concerning these movements could be defined. A 

description of the dynamics of the liver in the horizontal plane was not possible by 

means of echography [FINET / WILLIAME 2000]. 

 

LIEM (2000) backs on the insights of FINET / WILLIAME (2000) and assumes, that 

influences on the neighbours connected with the liver (e.g. the part of the stomach 

that is connected via the lesser omentum) necessarily arise from the visceral 

dynamic of the liver. The visceral mechanical deformation between the liver and the 
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connected neighbours is able to influence the lumen of blood vessels [LIEM et al. 

2000].  

 

HELSMOORTEL (2002) adds to this assumption and particularly brings up the 

relationship of liver and stomach in mobility. This relation is determined by the 

mechanical stress, the parts of the lesser omentum are exposed to 

[HELSMOORTEL et al. 2002].  

6.1.4. The Lesser Omentum 
 
The omenta originate from the anterior and posterior mesogastrium and 

interconnect the organs of the peritoneum. Since they have been mesenteria, they 

contain neurovascular structures. The anterior mesogastrium (the later lesser 

omentum) develops from front to back [ROHEN / LÜTJEN - DRECOLL 2002, 

BENNINGHOFF / DRENCKHAHN 2008]. 

 

According to BOUCHET / CUILLERET (2001), the lesser omentum is divided into 

the following three parts (cf. Fig. 2) with different qualities, which, according to 

HELSMOORTEL et al. (2002), represent different possibilities of compensation for 

the organism: 

 

● pars vasculosa with the portal vein, the proper hepatic artery, and the bile 

duct;  

 

●  pars flaccida, where the vessel arcade of the small curvature of the 

 stomach is situated; 

 

●  pars condensa with its tight connective tissue, which continues to the 

 esophagus.  
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 A. pars vasculosa    

 B. pars flaccida 

 C.  pars condensa 
  
 

 

 

 

 

 

 

  

Fig. 2:  Parts of the lesser omentum 
(according to Bouchet / Cuilleret 2001) 

 

 

6.1.5. Discontinuity between Stomach and Liver  
 

HELSMOORTEL (2002) assumes that a directed elasticity develops during a 

discontinuity between stomach and liver, which can hold the stomach up in direction 

of the liver with its force.  

According to his model, each single part of the lesser omentum constitutes one 

possibility of compensation for the organs during each mobilisation phase of the 

stomach.  

While, during mobilisation phase 1 of the stomach, the pars flaccida is physically 

stressed by the pulling force of the vessel arcade, during mobilisation phase 2, 

additional blood is pressed to the liver at the level of the pars vasculosa, which 

additionally supports its already increased tension.  

During mobilisation phase 3, the pars condensa is stressed by the pulling force of 

the stomach, what subsequently stimulates the holding function of the esophagus. 

For this reason, a torsion of the lesser omentum develops in each phase by the 

relative movement between stomach and liver [HELSMOORTEL et al. 2002]. 
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7. Physical and Technical Fundamentals of Ultrasound 

This section comprises an introduction into ultrasonic diagnostics and starts with the 

discovery of the Doppler shift. Then I will explain the calculation of the flow velocity 

as a directly measurable parameter, because the blood flow in the portal vein and 

the resulting calculated capacity of the portal vein is dependent on these values. I 

will also describe the technical basics, as for example, PW-Doppler sonography or 

duplex sonography, since they were the relevant ultrasound systems for the 

investigations.  

 

In 1843, the Austrian physicist Johann Christian Doppler (1803 – 1853) noticed: 

“The wavelength of sound is dependent on the movement of the acoustic source 

and of the observer relative to each other” [HUCK 2004]. 

 

Ultrasound covers sonar waves with a frequency between 20 kHz and 10 GHz. In 

medicine, ultrasound is transmitted into the tissue by means of a transducer; the 

acoustic reflexes are received and then transformed into pixels by the sonography 

device.  

As a form of sound, ultrasound is bound to a carrier medium. Since human tissue 

consists of different carrier mediums for ultrasound, there was an international 

agreement on the mean value of the sonic speed of 1540 m/s for soft tissue, which 

is used for the calculations by the ultrasound devices. 

 

In ultrasonic diagnostics of vessels, it has to be considered as a special 

particularity, that flow rates of blood cells are measured by receiving sonar waves 

that are backscattered by these corpuscles.  

That means, that moving blood cells are acting as moving receivers and then as 

moving transmitters, and thus the Doppler shift has to be taken into account twice 

[KUBALE / STIEGLER 2002, HUCK 2004, BÜCHELER et al. 2006, HARTEN 2007]. 

 

The flow velocity of the blood is quantified by the measurement of the frequency 

shift between the transmitted and received signal with the following Doppler 

equation: 
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v = (∆f · c) : (2fo · cos θ) 
 

v    = flow velocity of the blood 

∆f  = frequency change of the transmitted 

            Doppler impulses (Doppler shift) 

fo  = transmission frequency 

c = sonic speed in human tissue (approx. 1540 m/s) 

cos θ = cosine of the angle between ultrasonic beam and the 

      direction of the blood flow (cf. Fig. 3) 

 

It is evident from this equation, that the angle θ is not inconsiderable for the 

accuracy of measurement. With increasing angles from 0° to 90°, the measuring 

error increases, since the cosine of the angle is in the denominator [HUCK 2004].  

 

Flow velocity is neither under- nor overrated, if the Doppler beam is parallel to the 

direction of flow. An angle of sixty degrees is considered as the outmost limit for 

quantitative flow measurements [IGNEE et al. 2002].  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: The irradiation angle is defined as angle 
between the axis of the vessel and the acoustic beam 
(according to Huck 2004). 
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7.1. Pulsed Wave (PW) – Doppler Sonography 

Pulsed wave (PW) - Doppler: This kind of Doppler sonography works with a single 

crystal that is alternately in send- and receive mode.  

The depth where the information about the blood flow is gained can be calculated 

by the runtime of the ultrasound, equivalent to the time delay between emission of a 

wave packet and switching to receiving. 

 

Before the next sonic impulse is transmitted, the arrival of the reflected echo of the 

first impulse has to be awaited. Otherwise a calculation of depth is not possible. If 

the receiving region is in high depths, an accordingly longer dead time between 

send- and receive mode has to be chosen.  

In PW - mode, the receiving depth, as well as the spread of the region, where the 

stream information originates from, can be varied. The advantage of PW - Doppler 

is its depth selectivity [KUBALE / STIEGLER 2002, HUCK 2004].   

 

7.2. Duplex Sonography 

In colour-coded duplex sonography, different methods are combined for displaying 

a two-dimensional image-sonogram with overlaid stream information.   
The stream information is displayed with regard to the direction and velocity or with 

regard to the energy of the reflected signal. That means that the flow direction in the 

vessels relative to the transducer is coded with different colours (with red in 

direction of the transducer, with blue away from it). The flow velocity is brightness 

coded – the faster, the brighter [BÜCHELER et al. 2006]. 

 

Interpretation of these images is, depending on the region, differently difficult. 

TAI et al. (1996) describe significant dependencies on examiners. 

 

The most favourable region for the measurement of the portal vein is in the straight 

course and before the ramification into the two intra-hepatic branches [IGNEE et al. 

2002]. 
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In order to minimise the measuring error, the mean value of three trials is computed 

for each participant and each measurement [LAFORTUNE et al. 1998]. This 

happens by measuring in the frozen spectral image. 

 

In order to carry out the measurement as accurate as possible, the subjects are 

instructed how to reach the apnoea position (in resting midinspiration) in advance of 

the initial measurement and trained five times.  

 

Since two factors, in particular the blood flow velocity and the diameter of the vessel 

are multiplied for the calculation of the portal blood volume, measurement data in 

this respect have to be as accurate as possible. Otherwise, the error might increase 

severely.  

 

Ultrasonic examinations are without risk and can be used without concerns of 

health hazard within an appropriate, professional administration [DEGUM 2006, 

UNIVERSITÄTSSPITAL ZÜRICH 2008].  

 

7.3. The Influence of Measuring Error in Ultrasound Examinations 

Measuring errors of the flow velocity could arise from non-compliance of the 

examination conditions, as well as wrong work technique. Some relevant factors are 

the selection of the region, the angle of irradiation, and the right contact pressure 

[LAFORTUNE et al. 1998, IGNEE et al. 2002, HUCK 2004]. 

These factors have been considered in this study, as will be described in the 

following description of the method. 
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8. Methodology 

With the topic “Influence of a mobilisation of the lesser omentum on the capacity on 

the portal vein, measured with echo-Doppler“, I wanted to find answers to the 

question, if actual physiological changes can be observed and measured after the 

administration of a specific visceral technique. Therefore, as well as for the 

assessment of the efficacy of these technique, I wanted to perform a prospective 

experimental study. This chapter describes the procedure for the experimental 

examination.  

 

There is different information about the portal diameter and blood flow velocity in 

literature [IGNEE et al. 2002]. Hence, there is also disagreement in the capacity of 

the portal vein. Therefore, for standardisation, selection criteria and the planned 

course of the study were specified with regard to the present state of sonography 

and the guidelines specified for these investigations [LAFORTUNE et al. 1998, 

IGNEE et al. 2002, KUBALE / STIEGLER 2002, HUCK 2004]. 

 

Thus, starting with the selection criteria, classified in inclusion- and exclusion 

criteria, I will describe, why the particular criteria and procedures have been 

chosen. After predefinition of the selection criteria, I will describe the assignment to 

the investigational groups - a non-specific-technique group (NST group) and a 

mobilisation group (MT group) and afterwards I will present the examiners, on the 

one hand the medical specialists, on the other hand the osteopaths. 

 

8.1. Selection Criteria 

Twenty healthy adults were selected on the basis of inclusion- and exclusion criteria 

from a convenience sample.  

In order to reach a high sensitivity of the statistical analysis, it was paid attention to 

form two as homogeneous groups as possible. Due to reasons specified further 

down (chapter 8.2), subjects were assigned to the groups match controlled by 

stratification by the parameters age and BMI (body mass index). 
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It was the aim of this classification to specify as optimal conditions as possible for 

the study in the sense of two homogeneous investigational groups in order to 

minimise possible influences, as age, body height, and weight, which might 

influence the perfusion in the portal vein. 

 

In order to clarify risks and ethic concerns, the performance of this study was 

inhospital- approved.  

8.1.1. Inclusion Criteria  
 
● male 

● healthy 

● BMI (body mass index):  ≤ 27 

● age: 18 – 45  years 

● non-smokers 

● on an empty stomach (no meal after midnight) 

● consumption of alcohol < 25 gr./d.  

● staying in lateral decubitus position left is free of complaints 

● signing of written agreement 

● voluntary participation after being informed 

● German speaking and reading capability  

8.1.2. Exclusion Criteria 
 
● drug-use 

● inflammatory diseases 

● former abdominalsurgical interventions 

● BMI: > 27 (a to high BMI can make the visualisation of the portal vein difficult) 

● age:  ≥ 46 years 

● smokers 

● alcohol intake: >24 gr./d. 

● known heart or liver pathologies 
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8.1.3. Explanation of the Inclusion- and Exclusion Criteria 
 
Two groups, as homogeneous as possible with regard to age, sex, body weight and 

height should be formed for this study. In order to comply with this, beforehand, that 

means during selection of the subjects, additional factors had to be taken into 

account. 

 

GALLIX et al. (1997) and IGNEE et al. (2002) mention in their studies, that 

individual physical conditions as height and weight are factors influencing the blood 

flow in the portal vein.  

 

SABBA et al. (1990) describe a gender specific influence on the portal blood flow. 

The fact that different measurement results had to be expected for men and women 

is taken into account as a criterion in the actual study, where only men were 

included. 

 

ZOLI et al. (1999) mention age dependent variations in the blood flow.  According to 

them, there is a decrease of flow velocity as well of blood volume from the 45th year 

of age on. Again, this is taken into account in the actual study.  

 

Smoking and consumption of alcohol change parameters as the portal blood 

volume, the portal blood flow velocity, the blood pressure, the heart rate, as well as 

the arterial wall tension [YOSHIHARA et al. 1985, MANCIA et al. 1997, AROSIO et 

al. 2006].  

Since healthy men take part in this study, the “limit of harmlessness” of the 

guidelines by AKIS (2008) was used as cut-off criterion for alcohol intake.  

 

The participants of the study must not have obvious heart- or liver pathologies, nor 

inflammatory diseases or abdominal surgical interventions.  

 

This was scrutinised during anamnesis in advance of the experiments. Furthermore, 

other diseases (e.g. any heart- and liver pathologies), which could have negative 

effects on the measurement results were precluded in a short conversation with the 

particular general practitioners of the test persons [HOSOKI et al. 1990, BOLONDI 

et al. 1992, LEEN et al. 1993, NOLTE et al. 1994, KOK et al. 1999, KRÄHENBÜHL 
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et al. 1999, WIEST et al. 2000, YIN et al. 2001, KAYACETIN et al. 2004, 

SUGIMOTO et al. 2005, BOLOGNESI et al. 2007]. 

 

NOLTE et al. (1994) describe, that intake of beta-blockers, nitrates, diuretics, and 

serotonin receptor inhibitors lead to changes in the portal inflow and outflow. 

KAMKE (1994) brings up substantial changes of the flow rate in blood vessels 

already after slight changes in their profiles by the application of medicinal 

remedies. Thus, persons taking drugs were generally excluded from the study. 

  

Various authors, as e.g. SABBA et al. (1991), TEICHGRÄBER et al. (1997) or 

IGNEE et al. (2002) mention, that the moment of the last food intake is influencing 

the portal hemodynamic during the measurement. Therefore, all test persons had to 

be on an empty stomach for at least eight hours. 

  

German speaking- and reading capability was another prerequisite for participation, 

since all test persons were instructed in the course of the studies in written and oral 

way. Additionally, they had to sign a statement of agreement and were asked about 

anamnestic data.  

 

8.2. Characterisation of the Investigational Groups  

Initially, I intended to assign group members (quasi-) randomised from a 

convenience sample after stratification by age and BMI. However, after assignment, 

some test persons dropped out because of occupational, familiar or other reasons.  

Therefore, the remaining subjects were assigned match controlled to the particular 

groups. Attention was paid that as many characteristics of both groups as possible 

fitted as well as possible or were correspondent. At this point, I want to refer to 

chapter 13, the discussion. 

In order to equally consider the two parameters age and BMI, these two factors 

were multiplied for each test person and the products were sorted in ascending 

order. Then, the test persons were assigned to the two groups by allocation of the 

single subjects with the highest and with the lowest value to one group. This 

procedure was repeated with the residual subjects for the allocation to the other 

group, until both groups were complete.  
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In this way, two homogeneous groups with regard to age and BMI were formed, 

which were called “mobilisation group“ (MT) and “non-specific technique group” 

(NST), depending on the technique administered to the test persons.  

8.2.1. The Mobilisation Group (MT) 
 
The mobilisation group (MT group) comprised ten test persons. In this group, the 

lesser omentum was mobilised with a technique according to the description by 

HELSMOORTEL et al. (2002). However, HELSMOORTEL did not specificate the 

hip- and knee position. For standardisation, joint angles described below were 

appointed for the MT group as well as for the NST group. Since the ultrasonic 

examination was performed in apnoea (in resting midinspiration position), this was 

trained with each single test person five times in advance of the study. 

 
The position of the test person: The test person layed relaxed in decubitus 

position left, the legs in a double flexion of knee (90°) and hip (45°). Attention was 

paid, that no constriction by dress or belts was possible.  

 

The position of the osteopath: The osteopath stood behind the test person and 

supported him with his body, so that a good contact could be established. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Mobilisation Technique (MT group). 
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Hand posture (cf. Fig.4): The right hand of the osteopath got in touch with the 

stomach of the test person. The thumb was placed at the level of the pylorus, which 

is situated two centimetres to the right and two centimetres to cranial from the navel 

[Helsmoortel et al. 2002]. The left hand encompassed the costal arch with the 

fingers from top to posterior and got in contact with the liver. A slightly accentuated 

inspiration facilitated the contacting.  

Performance: During inspiration, the osteopath fixed the liver and followed the 

movement of the stomach. During exspiration, the stomach was fixed and the liver 

was released. In the course of this, contact was not allowed to be lost. This pain 

free technique was administered for three minutes. The mobilisation was 

standardised by exactly following the above description and by staying on time 

schedule.  

8.2.2. The Non-Specific Technique Group (NST) 

The non-specific technique group (NST) consisted of ten test persons, too. During 

intervention, they were exposed to a constant pressure in the abdominal region. 

Since the ultrasonic examination happened in apnoea (in resting midinspiration 

position), this manoeuvre was trained with each single test person five times in 

advance of the study, too. 

 

The position of the test person: The test person layed - identical to the position of 

the test persons in the MT group - in decubitus position left, with the legs in a 

double flexion of knee and hip. An impact by too narrow clothes or belts was 

excluded.  

 

The position of the osteopath: The osteopath stood behind the test person and 

supported him with his body, so that a good contact could be established. 
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Fig. 5: Non-specific technique (NST group). 
 
 
Hand posture (cf. Fig. 5): The right hand of the osteopath got in contact with the 

navel, which was situated between thenar and hypothenar. The finger tips pointed 

in the direction of the processus xyphoideus. A slightly accentuated inspiration 

facilitated the contacting.  

Performance: During exspiration pressure was applied in direction of the spine. 

This pressure was sustained until a perceptible abdominal pulsation was achieved. 

In this moment, the osteopath reduced his pressure to a minimum of noticability of 

the pulsation. In the course of this, the axial pressure to posterior had to be held, 

that means, it was not allowed to follow any facilitation. 

In that moment, time measurement was started and this pain free technique was 

administered for three minutes, either. 

 

This technique was standardised, too, by exactly following the descriptions above 

and by staying on time schedule.  
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8.3. The Examiners 

For an as objective course of this study as possible, the phases of intervention and 

measurement were performed by two osteopaths and medical specialists, each. 

I myself was responsible for documentation only, and I did not perform any 

intervention in the test persons. 

8.3.1. The Osteopaths 

 
In order to grant an as high standard as possible for the osteopathic part of the 

experiment, two alumni of the Vienna School of Osteopathy (WSO), both Masters of 

Science in Osteopathy, were selected for the administration of the intervention 

techniques. The osteopaths disposed of almost the same practical experience (5 

years) and both were right-handers. 

 

In a kind of blinding, an objective approach of the osteopaths to the particular 

technique should be granted. The osteopaths did neither know the problem of the 

study, nor did they know which intervention the other osteopath performed.  

 
In the beginning, the osteopaths received written instructions and a strict description 

of the technique. They were informed how to place their hands and how to apply the 

respective technique. 

Additionally, both osteopaths took three supervisions in the particular techniques for 

sensibilisation and precision of the application. Each osteopath trained the 

particular technique on five persons supervised by me. The five persons did not 

take part in the study.  

This should ensure an as accurate, as reproducible, and as sensitised course of the 

study as possible.  

8.3.2. The Medical Specialists 

 
Two medical specialists for internal medicine performed the measurements. They 

were employed at the same hospital, and disposed of seventeen and eight years of 

experience in abdominal echography, respectively. In literature, three years of 

experience are specified as qualification [SABBA et al. 1990, SEITZ 2006]. 
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9. The Equipment 

During the examination, always the same instruments were used. Therefore, all 

data in both investigational groups were gained by means of the same devices. The 

ultrasound device as well as the blood pressure- and the heart rate meter were 

available on the spot. 

 

9.1. The Blood Pressure- and Heart Rate Meter 

Since blood pressure as well as heart rate might influence the examination, both 

parameters were measured at pre-defined moments. Measurements were 

performed with the hospital owned instrument “Mindray“, type “VS 800” (cf. Fig.6). 
 

 

 

 

 

 

 

 

 
 Fig. 6: Mindray, VS 800 (Original image by Mindray) 
 
 

9.2. The Ultrasound Unit 

The measurement of blood flow velocity was done with a “Toshiba” ultrasound 

device, type “Xario“ (cf. Fig.7).  

This measurement was performed with a 3.5 MHz transducer and colour-coded 

duplex sonography, the measurement of the blood flow velocity with PW - Doppler. 

All measurements in this study were done by means of the same instrument and in 

the same examination room. 
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Fig. 7: Toshiba Xario ultrasound device (Original image 
by Toshiba Medical Systems) 
 

9.3. The Measurements in the Portal Vein 

The liver receives the nutritious venous blood from the digestive tract via the portal 

vein. In the course of this, the lienal vein and the superior mesenteric vein unite 

behind the pancreas to form the main stem of the portal vein. The main stem 

crosses the upper part of the duodenum and reaches the hepatic porta in the 

hepatoduodenal ligament. The blood flow velocity is measured just before the intra-

hepatic branching of the portal vein into the left and right branch, directly in the 

hepatic porta. There the averaged venous velocity (TAV mean) is determined for the 

portal vein, because it is used for the calculation of the blood flow volume [IGNEE et 

al. 2002]. 

 

The measurements were performed on an empty stomach, because portal 

perfusion depends on the moment of the last food intake [WEBSTER et al. 1975, 

DAUZAT et al. 1994, IGNEE et al. 2002, GAIANI et al. 2005, CHUO et al. 2005]. 

 

The angle of irradiation should be lower than 60° [LAFORTUNE et al. 1998, IGNEE 

et al. 2002, KUBALE / STIEGLER 2002]. 

  

The sonography was performed in apnoea (in resting midinspiration position), since 

during enhanced inspiration and exspiration, respectively, differences in the portal 

blood flow velocity have to be expected [SUGANO et al. 1999]. 
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The blood flow volume BF is calculated by means of the following formula: 

 

 

            BF = TAVmean · A · 60 
 

 

Legend: 

BF  = blood flow volume in ml/min. 

TAVmean  = mean flow velocity in cm/s 

A  = profile area in cm²  (A = π · D²/4) 

D  = diameter in cm  

 

(The factor 60 is used for the specification of the blood flow volume in ml/min, only.) 

 

With the aforesaid parameters, finally the capacity (in ml/min) can be calculated by 

means of the following formula: 

 

 

 

                        BF = D² · TAVmean · 15 · π 
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10. The Experiment 

After informing about the course of the study, the signing of the informed consent, 

and the appointment of the date of examination, the test persons were directly 

received in the district hospital of Dornbirn. At this point, I defer to the fact, that all 

data were surveyed ahead of the day of examination, in order to avoid additional 

stress causing influences. 

  

According to the guideline for vascular diagnostics of IGNEE et al. (2002), it was 

tried to create a calm, comfortable atmosphere in the waiting room. As 

recommended by REHRER et al. (2001), a period of rest before the measurements 

should counteract changes in portal blood flow caused by physical activity. 

 

10.1. Course of the Examination 

The test persons (on an empty stomach) laid down on the examination table in 

decubitus position left, identical with the position that was necessary for the 

application of the particular intervention technique (non-specific-technique and 

mobilisation technique).  

The investigating medical specialists as well as the test persons were blinded with 

regard to the applied technique. 

Now the first measurement (x1) of the portal vein was performed and the 

measurement data were directly listed.  

 

Then, the test persons sat down in the waiting room again. Half an hour later, a 

second measurement (x2) was performed in decubitus position left.  

This measurement was necessary in order to recognise the dispersion between the 

measurements (x1) and (x2), that means to assess possible physiological 

fluctuations. Without consideration of these natural processes, the effects of the 

application of the mobilisation techniques possibly could be overrated during 

measurement (y). By the baseline measurements (x1) and (x2), the causal 

relationship between the applied technique and the measured values should be 

ensured. 
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After the measurements (x1) and (x2), the specific and the non-specific technique 

were applied to the test persons by an osteopath. Immediately after the application 

of the techniques, the third measurement (y) was done by means of Doppler – 

ultrasound. Both, the applied techniques as well as the ultrasonic examinations 

were done in the standardised lateral position, described further above (decubitus 

position left). The medical specialist left the room, before the osteopath applied the 

respective technique, in order to avoid the recognition, what group the test person 

belonged to (NST group or MT group). A possible influencing should be avoided by 

this procedure. 

 

The fourth measurement (z) was performed one hour later.  

In order to detect potential alterations of the blood flow by a raised heart rate (e.g. 

by nervousness or by physical activity of the test persons in advance of the 

beginning of the test, heart rate and blood pressure were additionally measured in 

sitting position during the measurements (x1, x2, and z) with the hospital owned 

instrument Mindray, Type VS-800.  

Since a positional change of the participants from decubitus position left to sitting 

position for the heart rate- and blood pressure measurements (y), would influence 

the portal blood flow, neither the heart rate nor the blood pressure was measured 

during measurement (y).  

The ultrasonic measurements (x1, x2, y, z) of the diameter of the portal vein (in cm), 

as well as of the flow velocity in the portal vein (in cm/s) were performed three 

times. Subsequently, the mean value of these results was calculated. The capacity 

(BF) of the portal vein was evaluated with the mean values of these variables. 
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11. Statistical Evaluation 

The basic question was whether influences of NST and MT intervention on the 

capacity of the portal vein would be different, and which physiological processes 

would be affected by intervention. 

 

The null hypotheses, statistical evaluation is basing on, are: 

 

1. The base lines of the variables blood pressure, pulse, capacity and diameter 

of the portal vein, as well as blood flow velocity in the portal vein are equal in the 

two groups.  

 

2. The capacities and diameters of the portal vein as well as the velocity of blood 

flow in the portal vein during the measurements (y) and (z) after NST and MT 

intervention do not differ from base line. 

 

3. There are no differences in the effects of NST and MT intervention on the 

capacity and the diameter of the portal vein and on the portal blood flow velocity. 

 

Most of the evaluation was done by means of repeated measures analysis of 

variance (ANOVA). The dependent variables “blood pressure”, “pulse”, “capacity”, 

“diameter“, and “velocity” were tested tested with regard to the within-subject factor 

“test” and the between-groups factor “group”.  

The effect of the “test”-factor describes differences within all individual 

measurements (without consideration of group-differences), the effect of the “group” 

factor describes differences between the two groups (without consideration of 

temporal influences), and the “test x group” interaction describes group specific 

differences in the changes between the different measurements.   

  

One-way ANOVA was used for the assessment, whether baselines of age, body 

weight, body height, and BMI were comparable between the two groups.  

In the case of significant ANOVA results, further evaluation was done by means of 

paired samples t-tests and independent samples t-tests. 
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For applicaton of these tests, tests for normal distribution (Kolmogorov Smirnov 

test) and homogeneity of variance (Levine's test) had to be performed in advance of 

these calculations. 

Software used was R 2.7.1 for the repeated measures ANOVA and SPSS® 14.0. for 

graphics and descriptive statistics. Tests were performed two-tailed and  

p-values <0.05 were considered statistically significant. 
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12. Results 
12.1. Characteristics of the Test Persons 
12.1.1. General Data 
 

The twenty test persons of the two groups had been matched by age and body 

mass index (BMI) in advance of the study.  

Descriptive data of their characteristics (mean values and standard deviations) can 

be observed in Table 1.  

In addition to these statistics, results of the ANOVA (p-values) performed with the 

dependent variables “age”, “body weight”, “height”, as well as “BMI” with the 

independent factor “group” are displayed in this table. 

 
Group NST MT 

Variable N Mean SD N Mean SD 
p (Anova) 

body weight 10 76.6 8.7 10 75.1 5.9 0.66 
body height 10 1.82 0.06 10 1.80 0.05 0.40 

Age 10 34.3 4.7 10 34.3 5.8 1.00 
BMI 10 23.2 1.8 10 23.3 1.6 0.86 

Table 1:  Characteristics of the test persons of both groups and p-values of the ANOVA 
performed with the factor “group”. 
 
 
Due to the matching criteria, expectably, groups corresponded in age and BMI, just 

as in body weight and height. 

 

Influences of the time-factor “test” and the factor “group” on the initial values 

(baseline) of the dependent variables “blood pressure” and “pulse”, which were 

measured only during the first two tests (x1 and x2) in advance of the intervention, 

were evaluated by repeated measures ANOVA. The results are displayed in the 

following chapters.  

12.1.2. Systolic Blood Pressure  
 
Mean values and standard deviations (SD) of the systolic blood pressure during 

both tests in advance of the intervention (tests x1 and x2) are summarised for both 

groups in Table 2. Results of the ANOVA are summarised in Table 3. 
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Group NST MT Total 
 Variable: systolic blood pressure 
[mm Hg] N Mean SD N Mean SD N Mean SD 

Test x1 10 124.9 10.9 10 120.2 15.4 20 122.6 13.2 
Test x2 10 117.4 7.7 10 117.4 10.5 20 117.4 8.9 
Table 2: Mean values and standard deviations (SD) of the systolic blood pressure during test x1 
and x2 in both groups. 
 
 
Variable: systolic blood pressure  
Factor F P 
Group 0.244 0.63 
Test 7.211 0.02 
Group * Test 1.502 0.24 

Table 3: Effects of the factors “group”, “test” 
and of the “group x test” interaction on the 
systolic blood pressure.  
 

According to the ANOVA results, significant differences in the systolic blood 

pressure can be observed between the two tests (p=0.02). Nevertheless, there is no 

significant influence of the factor “group” and of the “group x test” interaction. That 

means group differences were less distinct than test-to-test variability of the data.  

Mean values and 95%-confidence intervals are displayed in Fig. 8 (The y-axis 

covers the actual range of data). 
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Fig. 8: Mean values and 95%-confidence intervals of the 
systolic blood pressure during the individual 
measurements and broken down by groups. 
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Mean group differences during test x1 were higher than during test x2, but in accord 

with the results of the ANOVA, group differences are not significant in either 

measurement (independent samples t-test: test x1: p=0.44, test x2: p=1.00).  

The decrease of the systolic blood pressure was significant in the NST group 

(paired samples t-test: dx2-x1= -7.5 mm Hg, p= 0.02), whereas in the MT group it was 

less distinct (paired samples t-test: d x2-x1= -2.8 mm Hg, p= 0.32). 

12.1.3. Diastolic Blood Pressure 
 
Mean values and standard deviations (SD) of the diastolic blood pressure during 

both tests in advance of intervention (tests x1 and x2) are summarised for both 

groups in Table 4. Results of the ANOVA are summarised in Table 5. 

 
Group NST MT Total 
 Variable: diastolic blood pressure   
[mm Hg] N Mean SD N Mean SD N Mean SD 

Test x1 10 79.8 9.2 10 77.5 8.9 20 78.7 8.9 
Test x2 10 74.1 8.4 10 78.1 5.0 20 76.1 7.0 
Table 4: Mean values and standard deviations (SD) of the diastolic blood pressure 
during test x1 and x2 in both groups. 
 
 
Variable: diastolic blood pressure  
Factor F P 
Group 0.068 0.80 
Test 2.792 0.11 
Group * Test 4.260 0.05 

Table 5: Effects of the factors “group”, “test” 
and of the “group x test” interaction on the 
diastolic blood pressure.  
 
A distinct influence of the “group x test” interaction on the diastolic blood pressure 

can be observed in this case. That means, that diastolic blood pressure changed 

over time and it changed in different ways in the single groups.  

Paired samples t-tests result in a slight increase of d x2-x1= 0.6 mm Hg (p= 0.77) in 

the MT group and in a significant decrease of d x2-x1=-5.7 mm Hg (p= 0.03) in the 

NST group. 

 

As can be observed in Table 4, one group (MT group) increased in mean diastolic 

blood pressure over time and the other group (NST group) decreased significantly. 

Mean values of the two measurements of the two groups do not differ to a high 

extent (p=0.80).  
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Either these significant differences occurred due to unknown exterior influences or 

due to chance, possibly caused by the small sample (natural variability probably 

would not result in significant differences).  
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Fig. 9: Mean values and 95%-confidence intervals of the 
diastolic blood pressure during the individual 
measurements and broken down by groups. 
 
Taking into consideration, that also systolic blood pressure was significantly 

reduced during the second measurement (x2) in the NST group only, it is likely, that 

test persons in the NST group could relax easier than subjects of the MT group.  

12.1.4. Pulse Rate 
 
Mean values and standard deviations (SD) of the pulse rate during both tests in 

advance of intervention (tests x1 and x2) are summarised for both groups in Table 

6. Results of the ANOVA are summarised in Table 7. 

 

Group NST MT Total 
 Variable: pulse/min N Mean SD N Mean SD N Mean SD 
Test x1 10 60.6 12.3 10 58.7 12.2 20 59.7 12.0 

Test x2 10 57.7 10.1 10 57.3 13.2 20 57.5 11.4 
Table 6: Mean values and standard deviations (SD) of the pulse rate during test x1 
and x2 in both groups. 
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Variable: pulse/min 
Factor F P 
Group 0.047 0.83 
Test 5.75 0.03 
Group * Test 0.700 0.41 

Table 7: Effects of the factors “group”, “test” 
and of the “group x test” interaction on the 
pulse rate.  
 

The mean pulse rates of the test persons in the two groups are comparable (there 

are neither effects of the factor “group” nor of the “group x test” interaction). 

Nevertheless, a significant decrease of the pulse rate between the two tests can be 

observed in p=0.03 for the effect of the factor test, that means with the collapsed 

results of all test persons of both groups.  

 

Mean values and 95%-confidence intervals are displayed in Fig. 10 (The y-axis 

covers the actual range of data). 
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Fig. 10: Mean values and 95%-confidence intervals of 
the pulse rate during the individual measurements and 
broken down by groups. 
 
 
 
Mean group differences during test x1 were higher than during test x2, but during 

neither measurement group differences were significant (independent samples t-

test: test x1: p=0.73, test x2: p=0.94).  
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The significant effect of the factor test was mainly caused by the subjects of the 

NST group, where the decrease of the pulse rate was more distinct over time 

(paired samples t-test: d= -2.9 beats/min, p= 0.05) than in the MT group (paired 

samples t-test: d= -1.4 beats/min, p= 0.29).  With collapsed groups, the results of 

the t-test are: d= -2.1 beats and p=0.03, identical with the value in Table 7. 

 

12.2. Measurement Conditions (Irradiation Angle) 

For measurement of the diameter and velocity of blood flow in the portal vein, 

theoretically, measurement with an irradiation angle of 0° is favoured. Typically, 

irradiation angles are between 55 and 60° and results are corrected by the device 

software.  

Mean values and standard deviations (SD) of the irradiation angles during the 

individual tests are summarised for both groups in Table 8. 
 
 
Group NST MT Total 
 Variable: mean angle [ ° ] N Mean SD N Mean SD N Mean SD 
Test x1 10 58.8 2.1 10 55.4 10.6 20 57.1 7.6 
Test x2 10 58.5 1.8 10 54.9 10.7 20 56.7 7.7 
Test y 10 59.3 1.3 10 55.6 7.8 20 57.4 5.8 
Test z 10 58.9 1.2 10 55.9 10.9 20 57.4 7.7 
Table 8: Mean values and standard deviations (SD) of the mean angle during the 
individual tests in both groups. 
 
 
In Table 9 results of repeated measures analysis are displayed. 
 
Variable: angle 
Factor F P 
Group 1.497 0.24 
Test 1.707 0.21 
Group * Test 0.027 0.87 

Table 9: Effects of the factors “group”, “test” 
and of the “group x test” interaction on the 
measurement angles.  
 
 
Generally, lower values can be observed in the MT group during all measurements, 

but according to the results of repeated measures ANOVA, angles did not differ 

significantly between the groups and individual tests. 
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12.3. Main Outcome Variables 

12.3.1. Capacity of the Portal Vein (mean flow) 
 
Mean values and standard deviations (SD) of the unnormalised capacity of the 

portal vein (mean flow) during all tests are summarised for both groups in Table 10. 

Results of the ANOVA are summarised in Table 11. 

 
Group NST MT Total 
 Variable:  mean flow  
                  [ml/min] N Mean SD N Mean SD N Mean SD 

Test x1 10 756.7 361.7 10 766.7 258.6 20 761.7 306.1
Test x2 10 782.1 333.9 10 744.7 318.4 20 763.4 318.1
Test y 10 886.2 501.9 10 843.6 288.6 20 864.9 399.1
Test z 10 730.1 211.7 10 751.6 250.2 20 740.8 225.8
Table 10: Mean values and standard deviations (SD) of the capacity of the portal vein during the 
individual tests in both groups. 
 
 
Variable: mean flow 
Factor F P 
Group 0.001 0.92 
Test 1.668 0.18 
Group * Test 0.143 0.93 

Table 11: Effects of the factors “group”, “test” 
and of the “group x test” interaction on the 
capacity of the portal vein. 
 
 

The most distinct effect on the capacity of the portal vein can be described by the 

factor “test”. The results of paired samples t-tests performed with the results of two 

consecutive tests, each, are displayed in Table 12. 
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Mean values and 95%-confidence intervals are displayed in Fig. 11 (The y-axis 

covers the actual range of data). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

Fig. 11: Mean values and 95%-confidence intervals of 
the capacity of the portal vein during the individual 
measurements and broken down by groups. 
 
 
As can be observed in this figure, the mean capacity of the portal vein was almost 

equal during the first baseline measurement in advance of the intervention (test x1). 

During measurement (y) that was performed directly after intervention, a higher 

capacity could be observed in both groups, and during measurement (z), the mean 

capacities were comparable to the baselines again. Nevertheless, differences in the 

capacity of the portal vein between the two groups as well as between the pre- and 

post-tests are not significant, as can be observed in the ANOVA results, too (cf. 

Table 11).  
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Tests Group Mean difference SD (difference) P 
MT 22.1 204.2 0.74 
NST -25.3 186.6 0.68 x2-x1 
Total -1.6 191.9 0.97 
MT -98.9 170.4 0.10 
NST -104.1 316.1 0.32 y-x2 
Total -101.5 247.2 0.08 
MT 92.0 316.6 0.38 
NST 156.1 362.7 0.21 z-y 
Total 124.1 333.0 0.11 

Table 12: Results of the paired samples t-tests with the 
capacities of two consecutive tests.  
 
 
Test- to-test data variability of the capacity of the portal vein was comparable in the 

two groups during the two baseline measurements. After intervention, the increase 

of the capacity was more distinct in the MT group (p=0.10) than in the NST group 

(p= 0.32), but differences were not significant. 

 

12.3.2. Capacity of the Portal Vein (mean flow/kg body weight) 
 
Mean values and standard deviations (SD) of the capacity of the portal vein (mean 

flow/kg body weight) of all tests are summarised for both groups in Table 13. 

Results of the ANOVA are summarised in Table 14. 

 
Group NST MT Total 

Variable: mean flow/kg  
body weight [ml/min] N Mean SD N Mean SD N Mean SD 

Test x1 10 10.0 4.8 10 10.2 3.6 20 10.1 4.1 
Test x2 10 10.3 4.3 10 10.0 4.4 20 10.1 4.2 
Test y 10 11.5 6.2 10 11.3 4.0 20 11.4 5.1 

Test z 10 9.6 2.6 10 10.0 3.4 20 9.8 2.9 
Table 13: Mean values and standard deviations (SD) of the capacity of the portal vein during the 
individual tests in both groups. 
 
Mean values and 95%-confidence intervals are displayed in Fig. 12 (The y-axis 

covers the actual range of data). 
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Fig. 12: Mean values and 95%-confidence intervals of 
the capacity of the portal vein during the individual 
measurements and broken down by groups.  
 
 
As can be observed in this figure, the mean capacity of the portal vein was almost 

equal during the two baseline measurements in advance of the intervention (test x1 

and x2). During measurement (y), which was performed directly after intervention, a 

higher capacity could be observed in both groups, and during measurement (z), the 

mean capacities were comparable to the baselines again. Nevertheless, differences 

in the capacity of the portal vein between the two groups as well as between the 

pre- and post-tests are not significant, as can be observed in the ANOVA results, 

too (cf. Table 14).  

 
Variable: mean flow/kg body weight 
Factor F P 
Group 0.0003 0.99 
Test 1.674 0.18 
Group * Test 0.079 0.97 

Table 14: Effects of the factors “group”, “test” 
and of the “group x test” interaction on the 
capacity of the portal vein. 
 

The most distinct effect on the capacity of the portal vein can be described by the 

factor “test”. According to the results of the ANOVA, no significant effects on the 

capacity of the portal vein could be expected, but since capacity was the main 
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outcome variable, a further look was taken on this factor. For this, the results of 

paired samples t-tests (performed with the results of two consecutive tests, each) 

are displayed in Table 15.  

 
Tests Group Mean SD P 

MT -0.24 2.76 0.79 
NST 0.23 2.39 0.76 x2-x1 
Total -0.00 2.52 0.99 
MT 1.36 2.34 0.10 
NST 1.26 3.89 0.33 y-x2 
Total 1.31 3.13 0.08 
MT -1.35 4.00 0.32 
NST -1.93 4.79 0.23 z-y 
Total -1.64 4.30 0.10 

Table 15: Results of the paired samples t-tests with the 
capacities of two consecutive tests.  
 
 
Test- to-test data variability of the capacity of the portal vein was comparable in the 

two groups during the two baseline measurements. After intervention, the increase 

of the capacity was more distinct in the MT group (p=0.10) than in the NST group 

(p= 0.33), but differences are not significant. 

 

Generally, the results of the variable “mean flow/kg body weight” do not differ 

distinctly from the results of the variable “mean flow” described in the chapter 

before.  

 

12.4. Physiological Alterations 

The capacity of the portal vein is calculated by the diameter and velocity of the 

blood flow in the portal vein. Therefore, it might be possible, that each of the two 

techniques affect these two variables in a different way. For that reason, influences 

of the interventions on these variables were assessed in the same way as the 

variables discussed before. 
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12.4.1. Diameter of the Portal Vein 
Mean values and standard deviations (SD) of the mean diameter of the portal vein 

during all tests are summarised for both groups in Table 16.  

 
Group NST MT Total 
 Variable: mean diameter 
[cm] N Mean SD N Mean SD N Mean SD 

Test x1 10 1.015 0.194 10 1.072 0.178 20 1.044 0.184 
Test x2 10 1.081 0.235 10 1.005 0.181 20 1.043 0.207 
Test y 10 1.145 0.250 10 1.083 0.220 20 1.114 0.231 
Test z 10 1.042 0.143 10 1.029 0.181 20 1.036 0.159 
Table 16: Mean values and standard deviations (SD) of the mean diameter of the portal 
vein during the individual tests in both groups. 
 

Mean values and 95%-confidence intervals are displayed in Fig. 13 (The y-axis 

covers the actual range of data). 
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Fig. 13: Mean values and 95%-confidence intervals of 
the mean diameter of the portal vein during the 
individual measurements and broken down by groups. 
 
 
Test-to test variability during the first two measurements (tests x1 and x2) was 

similar in both groups, but the mean values of the two measurements were 

diametrically opposed in the two groups. After intervention (between test x2 and test 

y) an almost parallel increase of the mean diameters could be observed in both 

groups. During measurement (z) the diameter of the portal vein was decreased 
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again to a value, almost corresponding to the mean of the measurements (x1) and 

(x2). 

Results of repeated measures ANOVA (Table 17) indicate, that there was a 

significant difference between the individual tests, but not between the groups.  

 
Variable: mean diameter 
Factor F P 
Group 0.082 0.78 
Test 3.144 0.03 
Group * Test 2.008 0.12 

Table 17: Effects of the factors “group”, “test” 
and of the “group x test” interaction on the 
mean diameter of the portal vein. 
 
In order to work out, how the diameter of the portal vein changed within the 

individual groups, results of paired samples t-tests (performed with the results of 

two consecutive tests, each) are displayed in Table 18.  
 

Tests Group Mean SD P 
MT -0.067 0.102 0.07 

NST 0.065 0.076 0.02 x2-x1 
Total -0.001 0.111 0.98 
MT 0.078 0.100 0.04 

NST 0.065 0.143 0.19 y-x2 
Total 0.071 0.121 0.02 
MT -0.054 0.186 0.38 

NST -0.103 0.148 0.05 z-y 
Total -0.079 0.166 0.05 

Table 18: Results of the paired samples t-tests with the 
mean diameters measured during two consecutive 
tests. 
 

During the baseline measurements, there was a distinct difference between the 

results of measurement (x1) and (x2) in the MT group and even a significant one in 

the NST group. The mean diameter was decreasing with time in the MT group and 

increasing to a similar extent in the NST group. Therefore, after collapsing the two 

groups, there was almost no difference between the mean values of the two 

measurements at all (cf. “Total”).  

After intervention (at measurement y), a similar increase of the diameter could be 

observed in both groups, which was significant in the MT group and in total. 

Nevertheless, the increase in the MT group was only slightly higher than natural 

variability, evaluated by the baseline measurements (x1) and (x2). Additionally, 

according to Fig. 13, only the approximate initial mean value of measurement (x1) 
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was reached again. In contrary, an additional increase of the diameter could be 

observed in the NST group. In order to test, whether this intervention has 

significantly affected the diameter of the portal vein, mean values of the results of 

the baseline measurements were calculated and subsequently compared by means 

of paired samples t-tests.  

Mean values and standard deviations are summarised in Table 19. 

 
 
Group NST MT Total 
 Variable: mean diameter [cm] N Mean SD N Mean SD N Mean SD 
Test x (mean value of x1 and x2) 10 1.048 0.212 10 1.039 0.172 20 1.043 0.188
Test y 10 1.145 0.250 10 1.083 0.220 20 1.114 0.231
Table 19: Mean values and Standard deviations of the variable “mean diameter” during 
baseline measurements (test x…mean values of the results of test x1 and x2) and test y (after 
intervention).  
 

Paired samples t-tests result in p= 0.06 in the NST group and in p= 0.20 in the MT 

group. That means, the increase of the diameter after NST intervention was distinct, 

but not significant, whereas in the MT group, means of the diameter did not differ to 

such a high extent. 

 

12.4.2. Velocity of the Blood Flow in the Portal Vein 
 

Mean values and standard deviations (SD) of the mean velocity of the blood flow in 

the portal vein during all tests are summarised for both groups in Table 20.  
 

Group NST MT Total 
 Variable: mean velocity [cm/s] N Mean SD N Mean SD N Mean SD 
Test x1 10 15.29 3.71 10 13.74 2.64 20 14.52 3.24 
Test x2 10 13.78 1.53 10 15.21 4.24 20 14.49 3.19 
Test y 10 13.39 2.88 10 14.98 3.48 20 14.19 3.21 
Test z 10 14.16 3.26 10 14.65 3.36 20 14.41 3.23 
Table 20: Mean values and standard deviations (SD) of the mean velocity of blood flow in 
the portal vein during the individual tests in both groups. 
 
Mean values and 95%-confidence intervals are displayed in Fig. 14 (The y-axis 

covers the actual range of data). 
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Fig. 14: Mean values and 95%-confidence intervals of 
the mean velocity of blood flow in the portal vein during 
the individual measurements and broken down by 
groups.  
 

The baselines of the two groups (x1, x2) showed a high test-to-test variability of the 

mean velocity.  

After intervention (test y), a slight, almost parallel decrease of the mean velocity 

could be observed in both groups. The extent of this decrease was less than the 

variability before intervention.  

ANOVA outcomes (Table 21) show a similar result. There are no significant 

influences of the factors “group” and “test” and only tendential influences of the 

“group x test” interaction. 

 
Variable: mean velocity 
Factor F P 
Group 0.159 0.69 
Test 0.111 0.95 
Group * Test 2.65 0.06 

Table 21: Effects of the factors “group”, “test” 
and of the “group x test” interaction on the 
mean velocity of the blood flow in the portal 
vein. 
 
 

The effect of the “group x test” interaction is highest during the baseline 

measurements: The p-value for the group comparison of the differences in the 
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velocity between test x2 and test x1 is p= 0.05. The according p-values for the 

group comparisons of the differences between test y versus test x2 and test z vs. 

test y are p=0.88 and p=0.38, respectively. That means, that the two different 

methods did not influence velocity in a significantly different way.  

 

12.5. Summary of the Results 

12.5.1. The Test Persons 
 

Groups corresponded in age and BMI, body weight and height. 

Additionally, there were no group differences in systolic and diastolic blood pressure 

and neither in pulse rate. Group differences were less distinct than test-to-test 

variability of the data.  

There are hints (a significant reduction of systolic and diastolic blood pressure and 

of pulse with time), that group members of the NST group could relax easier than 

test persons of the MT group. 

12.5.2.  Measurement Conditions 
 
Measurement conditions (irradiation angles) were comparable in both groups. 

12.5.3. Capacity of the Portal Vein 
 

Test- to-test data variability of the capacity of the portal vein was comparable in the 

two groups during the two baseline measurements. After intervention, the increase 

of the capacity was more distinct in the MT group (p=0.10) than in the NST group 

(p= 0.33), but differences are not significant. 

12.5.4. Diameter of the Portal Vein 
 
Test-to test variability during the first two baseline measurements (tests x1 and x2) 

was similar in both groups. Nevertheless, significant “group x test” interactions 

could be observed in baseline analysis. Taking into consideration the mean values 

of the two baseline measurements, NST intervention turned out to affect the 

diameter more distinctly (p= 0.06) than the mobilisation technique (MT) (p=0.20).  
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12.5.5. Velocity of the Blood Flow in the Portal Vein 
 

Analogical to the results of the diameter of the portal vein, test-to test variability 

during the first two baseline measurements (tests x1 and x2) was similar in both 

groups and again a significant “group x test” interaction could be observed in 

baseline analysis.  

The two different methods did not influence velocity in a significantly different way.  
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13. Discussion  
13.1. Ensuring the Causal Relationship between the Mobilisation 

Technique and the Results of the Measurements 

In order to ensure the causal relationship between the administration of the two 

intervention techniques and the measurement results, two baseline measurements 

(x1) and (x2) were performed in advance of the application of the entire techniques. 

By a comparison of the results of the baseline measurements with the results at the 

moment y (after intervention) in the two single groups by repeated measures 

ANOVA, physiological changes in the portal venous blood flow by the application of 

the technique could be uncovered under consideration of its natural range of 

variation.  

 

The control variables heart rate and blood pressure were used as indicators, if test 

persons had achieved a resting state before application of the osteopathic 

techniques. 

These parameters were measured only twice in an interval of half an hour (x1 and 

x2) in advance of the administration of the mobilisation techniques. Admittedly, at 

least one additional measurement in advance of the intervention would have been 

necessary in order to document the stability of the resting state, but the longer 

waiting time might have induced reverse effects, that means, a re-increase in heart 

rate and blood pressure.  

Since mean heart rate and systolic blood pressure were almost equal in both 

groups at measurement (x2), at least an equivalent initial situation in both groups 

can be assumed. Additionally, a significant reduction in the results of these 

measurements indicate, that the test persons calmed down during the waiting 

period in advance of the intervention. 

 

13.2. Physiological Changes 

13.2.1. Blood Pressure 
 
The mean systolic value decreased in both groups between the measurements (x1) 

and (x2). The reduction was significant in the non-specific technique group (NST, 

p=0.02). Since lower pressures were measured in the MT already during (x1), the 
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decrease was less distinct in this group (p=0.32). Nevertheless, group means of the 

systolic blood pressure were identical during measurement (x2). 

  

Since the test persons were blinded to which technique was applied, and thus did 

not know, what group they belonged to, these differences can be lead back to the 

individual blood pressure readings and the group assignment.  

Probably, a larger sample would result in more comparable initial values.  

 

The extent of the declination of the systolic blood pressure was comparable in both 

groups.  

The latter does not apply to the diastolic values. While diastolic blood pressure 

decreased in the NST group between measurement (x1) and (x2), in contrast, a 

slight increase could be observed in the MT group. Individual unrest and 

nervousness in advance of the intervention and during the initial measurement 

might have had a crucial influence in the small sample. These influences were more 

distinct in the NST group than in the MT group, where the lower differences 

between the two baseline measurements in systolic as well as diastolic blood 

pressure can be explained by individual physiological fluctuations.  

 

Ahead of the examination and between the measurements, it was tried to offer the 

test persons an as comfortable atmosphere as possible in the sense of time and 

calmness. Additionally, all participants were being informed about the purpose and 

course of the examination. However, it is probable, that each of the test persons 

reacted individually to the experimental setting. 

13.2.2. Heart Rate 
 
A parallel declination between the measurements (x1) and (x2) could be observed 

comparing the mean heart rate in the two groups. Also from this, an influence of 

increasing ease between the measurements (x1) and (x2) might be deduced.  

 

Similar to the variable blood pressure, the decrease of heart rate was more distinct 

in the NST group (p= 0.05), than in the MT group (p=0.29).  
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13.2.3. Capacity of the Portal Vein 
 
The capacity of the portal vein was calculated in two ways in this study. On the one 

hand, it was normalised by division by the body weight (variable mean flow/min/kg 

body weight), on the other hand it was used without normalisation (variable mean 

flow/min).  Thus, results of this study can be compared to literature data which are 

alternately presented normalised and non-normalised (cf. Table 22).  

 
mean velocity 

(cm/s) 
mean flow 
 (ml/min) 

mean flow 
(ml/min/kg BW) Reference n _ 

X SD _ 
X SD _ 

X SD 

Touche et al. 1982** 15 17  740    
Dauzat et al. 1984** 18   819 298 14.25 4.5 
Gill et al. 1985** 16   820  12.7 2.9 
Chou et al. 1985** 21 18.23 4.61 973 290   
Ohnishi et al. 1985** 41 16.5 4.9 648 186   
Ackroyd et al. 1986** 10   952 273 14.1 2.7 
Moriyasu et al. 1986** 88 15.3 4 899 284 16.3 5 
Moriyasu et al. 1986** 110 15.1 3.7 846 287   
Ohnishi et al 1986** 21   632 203   
Smith et al. 1986** 72 17  900    
Zoli et al. 1986** 50 16 0.5 694 23   
Okazaki et al. 1986* 40 21 5 966 344 14.7 3.9 
Mostbeck et al. 1987** 15 15.37 4.48 755 276   
Ozaki et al. 1988** 22 18.99 0.86 874 44   
Brown et al. 1989** 35 12.32 5.90 864 188 13.45 3.2 
Sabba et al. 1991* 12 13 0.4 1066 38   
Bolondi et al. 1992* 45 19 2     
Dauzat et al. 1994* 30 16 10 940 408   
Arienti et al. 1996* 9 22 1     
Iwao et al. 1996* 10 15 1 733 46   
Maconi et al. 1998* 40 18 3 1011 193   
Ludwig 1999* 30 17 2     
Haag, et al. 1999* 100 27 6 810 180   
Guadagni et al. 2000* 18   503 153   
Van Dun et al. 2007** 
before intervention(x) 30 11.25 3.82 760 268 10.5 4.3 

        
Our examination 
Total, (x1) 20 14.52 3.24 761.7 306.1 10.1 4.1 

Our examination  
MT, (x1) 10 13.74 2.64 766.7 258.6 10.2 3.6 

Our examination 
MT, (x2) 10 15.21 4.24 744.7 318.4 10.0 4.4 

Our examination 
MT, (y) 10 14.98 3.48 843.6 288.6 11.3 4.0 

 
Table 22: Mean velocity and mean flow in the portal vein in several studies (*… from Ignee et al. 
2002, **… from van Dun et al. 2007) and the according results of the actual study.  
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In this study, all measuring processes were performed under conditions that were 

standardised as much as possible, as was described in the chapters 8.1.3. and 9.3. 

At that, individual physical conditions as height, weight, and age were taken into 

account.  

A healthy general condition of the test persons was predefined by non-smoking, 

alcohol intake within the defined “quantity of harmlessness”, as well as by the 

exclusion of heart- and liver pathologies.  

Persons with inflammatory diseases, abdominal surgical interventions, and drug 

use were excluded in advance of the study. 

Furthermore, all participants had to be on an empty stomach for at least eight hours 

before the start of the examinations. During the sonographic measurements it was 

paid attention, that the irradiation angle was smaller than 60°. For standardisation, 

ultrasound measurements were performed in apnoea (in resting midinspiration 

position).  
 
Mean flow/min/kg body weight: In scientific literature (cf. Table 22), a broad range 

of the capacity of the portal vein can be observed. For example, a mean value of 

13.45 ml/kg body weight was described by BROWN et al. (1989) and a capacity of 

10.5 ml/kg body weight by VAN DUN et al. (2007). In this connection, it has to be 

stressed, that some measurements (e.g. by BROWN et al. (1989)) were performed 

in supine position, whereas VAN DUN et al. (2007) measured in lateral position 

(decubitus position left).  

 

OHNISHI et al. (1985) describe a significantly reduced portal flow velocity as well as 

a decrease of the blood flow volume in healthy subjects, if they change from supine 

into a seated position. 

 

Also HSIA et al. (2000) could verify the influence of gravity on the portal venous 

blood flow.  

GALLIX et al. (1987) describe, that the pulsation behaviour of the portal vein 

changes significantly by moving from the supine into a seated position, what has to 

be considered in standardisation of the measurements.  

 

Since changes in the body position change the portal blood flow decisively 

[OHNISHI et al. 1985, GALLIX et al. 1987, HSIA et al. 2000], all measurements 
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were performed in decubitus position left. Therefore, results are comparable to 

studies in supine position with reservations only.  

Mean values (standard deviations) in the NST group were equal 10.0 (4.8) 

ml/min/kg body weight (BW) during baseline measurement (x1), and 10.3 (4.3) 

ml/min/kg BW during baseline measurement (x2). The according values in the MT 

group were 10.2 (3.6) ml/min/kg BW and 10.0 (4.2) ml/min/kg BW. That means, that 

the initial values were almost equal in both groups, and were excellently consistent 

with the results of van Dun’s study.  

 

Furthermore, baseline data of the portal capacity were very stable in both groups in 

contrast to blood pressure and heart rate, and they did not display dependencies on 

these parameters.  

 

Although physiological changes could be observed during measurement (y), that 

means immediately after the particular intervention, they were not significant (NST 

group: p=0.33, MT group: p=0.10).  

Tendency for an increased capacity was more distinct in the MT group 

(measurement y: 11.5 ml/min/kg BW), than in the NST group (measurement y: 11.4 

ml/min/kg BW).  

 

However, this has to be lead back to the lower initial values in the MT group during 

measurement (x2) and the lower variance of the results during measurement (y). 

There was no significant group difference in the change in portal capacity.  

 

Values were lower again during measurement (z). They were comparable to the 

results of the baseline measurements (x1) and (x2). That means, that the effect of 

the interventions - as far as the changes were not basing on random variation - did 

last shorter than one hour.  

To sum up, there were neither significant differences in the capacity behaviour 

between the NST group and the MT group, nor between the results of the baseline 

measurements (x1) and (x2) and measurement (y) within the individual groups.  

 

Mean flow: Since body weight was considered for group assignment of the test 

persons, the variable “mean flow” did not differ relevantly in the changes during the 

four measurements from the variable „mean flow per kg body weight“.  
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There are no significant differences - neither between the two groups, nor between 

the two baseline measurements (x1 and x2) and the post-test (y). Compared to the 

study by VAN DUN et al. (2007), where mean initial flow volumes of 760 ml/min 

were measured in the mobilisation group (MT), the mean initial flow volume of the 

test persons of the MT group was consistent (measurement x1: 766.7 ml/min, x2: 

744.7 ml/min). 

 

However, after the intervention in the study of VAN DUN (2007) values increased to 

1079 ml/min, whereas in this study the mean flow reached only 843.6 ml/min in the 

measurement (y). Furthermore, no continuing effect of the intervention could be 

observed in the actual study in the results of measurement (z).  

 

13.3. Examination of the Causes for the Increase in Capacity of the 
Portal Vein 

13.3.1. Diameter of the Portal Vein  

 
In literature, the diameter of the portal vein is specified with 6 – 12 mm [IGNEE et 

al. 2002] or 7 – 15 mm [HUCK 2004].  

 

In this examination, mean values of 10.2 mm (x1) and 10.8 mm (x2) during the 

baseline measurements were observed in the NST group. The according values in 

the MT group were 10.7 mm and 10.1 mm, respectively. That means, there is a 

good agreement with literature data. Both (blinded) medical specialists measured 

test persons of each group at the portal confluence. Thus, different experience of 

the physicians in measurement could not influence the outcomes.  

 

After the intervention, increased diameters could be observed in both groups. In 

measurement (y) a mean diameter of 11.5 mm was calculated for the NST group 

and of 10.8 mm for the MT group. The non-specific technique yielded in higher 

influences on the diameter (p= 0.06) than the specific mobilisation technique (p= 

0.20). However, also this change can not be regarded as significant.  

According to the results of measurement (z), the increased diameter could not be 

observed anymore in both groups one hour after the intervention, as can be 
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deduced from the almost equal values compared to the baseline values of the 

measurements (x1) and (x2).  

13.3.2. Blood Flow Velocity in the Portal Vein 

Several authors (e.g. IGNEE et al. 2002, HUCK 2004) stress the importance of the 

spot of the measurement at the portal confluence for the comparability of the 

results. Therefore, both medical specialists performed the measurements at this 

location. Both physicians were blinded against the technique and examined test 

persons (on an empty stomach) of both groups. 

 

IGNEE et al. (2002) specify the averaged mean velocity (TAVmean) on an empty 

stomach with 13 – 22 cm/s, HUCK (2004) with 15 – 20 cm/s.  The group means are 

comparable with these data, although they are tendentially in the lower velocity 

range.  

The values in the NST group were 15.3 cm/s during measurement (x1) and 13.8 

cm/s during measurement (x2); the according values in the MT group were 13.7 

cm/s and 15.2 cm/s. A high test-to-test variability could be observed in the results of 

the baseline measurements. After the particular intervention, a slight parallel 

lessening of the flow velocity could be observed in both groups. During 

measurement (y), the mean flow velocity was equal 13.4 cm/s in the NST group and 

equal 15.0 cm/s in the MT group. Neither the non-specific technique, nor the 

specific mobilisation technique had significant effects on the flow velocity in the 

portal vein. 

VAN DUN (2007) describes an increased capacity of the portal vein after a 

mobilisation of the mesenterium, primarily due to an enlargement of the portal 

diameter. Consistent with the actual results, blood flow velocity played only a minor 

role. 

 

13.4. Measurement Conditions (Irradiation Angle) 

The mean irradiation angles, measured by the two medical specialists were lower 

than 60° in both groups, which is a directive in vascular diagnostics [LAFORTUNE 

et al. 1998, IGNEE et al. 2002, HUCK 2004]. Each medical specialist was blinded 

towards the intervention and performed sonographic measurements in either group. 

Generally, irradiation angles were lower in the MT group than in the NST group. 
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Nevertheless, differences between the two investigational groups and between the 

individual examinations were not significant.  

 

13.5. Restrictions 

As already mentioned several times, sample size (with ten test persons per group) 

is too low for save predications.  

For example, this could be observed in the different progression of the blood 

pressure in the two groups during the baseline measurements.  

 

Nevertheless, results of the baseline measurements of the main outcome variables 

“mean flow/kg body weight” and “mean flow” were consistent between the individual 

tests as well as between the two groups. Therefore, test-to-test variability was 

assumed to be the normal, that means independent variation of these parameters. 

By evaluation with repeated measures ANOVA, results of both baseline 

measurements and thus this variance were considered. 

 

In order to ensure, that test persons reached a period of rest before intervention, 

eventually further baseline measurements of blood pressure and heart rate would 

be advisable, whereby a re-increase of blood pressure and heart rate might arise 

from to the longer lasting procedure.  
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14. Conclusions 

Starting point of this study was the idea, to accomplish a basis for osteopathic 

activity in respect of measurable physiological changes.  

The following null hypotheses were formulated:  

 

● No changes on the physiological level are achieved by administration of a 

specific visceral technique (mobilisation of the lesser omentum).  

 

● A mobilisation of the lesser omentum has no influence on the portal blood 

flow.  

 

After performance of the study and evaluation of the results, both null hypotheses 

can be confirmed:  

 

● No changes at the physiological level are achieved by administration of 
a specific visceral technique.  The mobilisation technique for the lesser 

omentum, administered in this study under the chosen test conditions, does 

not cause significant physiological changes in the portal blood flow. The 

tendencies found in the examination have to be classified as statistically 

insignificant. A reason for the lack of significance might be the low sample 

size, with the resulting overvaluation of the influence of individual 

fluctuations.  

  

● A mobilisation of the lesser omentum has no influence on the portal 
blood flow. It is not possible to clearly distinguish between true and random 

influences under the present test conditions and their restrictions (e.g. group 

size). The results are not significant, because values after intervention do not 

differ distinctly enough from the initial values. Nevertheless, results should 

not be taken as definite, since tendencies of elevated portal blood flow can 

be observed.  

 

On the basis of the results of this investigation, only trends or tendencies can be 

observed, that possibly could confirm an influence of a mobilisation of the lesser 

omentum on the blood flow in the portal vein. Significant changes, as well as 
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persistent effects by a specific osteopathic mobilisation of the lesser omentum could 

not be established. 

  

In this respect, a higher number of participants might achieve a higher significance.  
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17. Appendix 

 
1. Match controlled (All) 
 

MATCH CONTOLLED WITH THE PARAMETERS AGE AND BMI 
           

           

Name / 
ID Age Weight Tallness BMI BMI * Age

Question 
with 
BMI * Age 

Average  
BMI of 
Group 
NST 

Average  
BMI of 
Group 
MT 

Average  
Age of 
Group 
NST 

Average  
Age of 
Group 
MT 

       23.17 23.14 34.30 34.30 
           

RP 23 65 1.79 20.29 466.6 MT   20.29   23.00 
RT 26 77 1.86 22.26 578.7 NST 22.26   26.00   
KR 26 79 1.82 23.85 620.1 MT   23.85   26.00 
PE 29 85 1.82 25.66 744.2 NST 25.66   29.00   
PT 30 78 1.77 24.90 746.9 NST 24.90   30.00   
LG 32 84 1.83 25.08 802.7 MT   25.08   32.00 
AD 34 63 1.75 20.57 699.4 NST 20.57   34.00   
ALJ 34 70 1.72 23.66 804.5 MT   23.66   34.00 
RA 35 70 1.73 23.39 818.6 MT   23.39   35.00 
PH 36 73 1.78 23.04 829.4 MT   23.04   36.00 
GCH 37 85 1.83 25.38 939.1 NST 25.38   37.00   
ALJÜ 38 75 1.84 22.15 841.8 NST 22.15   38.00   
FRAU 38 88 1.90 24.38 926.3 NST 24.38   38.00   
SCHHE 39 70 1.82 21.13 824.2 MT   21.13   39.00 
SCHH 39 78 1.88 22.07 860.7 NST 22.07   39.00   
FRI 39 75 1.81 22.89 892.8 NST 22.89   39.00   
SJ 39 74 1.78 23.36 910.9 MT   23.36   39.00 
HC 39 82 1.87 23.45 914.5 MT   23.45   39.00 
MJ 40 79 1.81 24.11 964.6 MT   24.11   40.00 
HM 33 62 1.70 21.45 708.0 NST 21.45   33.00   
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2. Match controlled (NST) 
 

MATCH CONTOLLED WITH THE PARAMETERS AGE AND BMI (NST)
           
           

Name / 
ID Age Weight Tallness BMI BMI * Age

Question 
with 
BMI * Age 

Average  
BMI of 
Group 
NST 

Average  
BMI of 
Group 
MT 

Average  
Age of 
Group 
NST 

Average  
Age of 
Group 
MT 

       23.17   34.30   
           

RT 26 77 1.86 22.26 578.7 NST 22.26   26.00   
PE 29 85 1.82 25.66 744.2 NST 25.66   29.00   
PT 30 78 1.77 24.90 746.9 NST 24.90   30.00   
AD 34 63 1.75 20.57 699.4 NST 20.57   34.00   
GCH 37 85 1.83 25.38 939.1 NST 25.38   37.00   
ALJÜ 38 75 1.84 22.15 841.8 NST 22.15   38.00   
FRAU 38 88 1.90 24.38 926.3 NST 24.38   38.00   
SCHH 39 78 1.88 22.07 860.7 NST 22.07   39.00   
FRI 39 75 1.81 22.89 892.8 NST 22.89   39.00   
HM 33 62 1.70 21.45 708.0 NST 21.45   33.00   
 
 
 
3. Match controlled (MT) 
 

MATCH CONTOLLED WITH THE PARAMETERS AGE AND BMI (MT) 
           
           

Name / 
ID Age Weight Tallness BMI BMI * Age

Question 
with 
BMI * Age 

Average  
BMI of 
Group 
NST 

Average  
BMI of 
Group 
MT 

Average  
Age of 
Group 
NST 

Average  
Age of 
Group 
MT 

         23.14   34.30 
           

RP 23 65 1.79 20.29 466.6 MT   20.29   23.00 
KR 26 79 1.82 23.85 620.1 MT   23.85   26.00 
LG 32 84 1.83 25.08 802.7 MT   25.08   32.00 
ALJ 34 70 1.72 23.66 804.5 MT   23.66   34.00 
RA 35 70 1.73 23.39 818.6 MT   23.39   35.00 
PH 36 73 1.78 23.04 829.4 MT   23.04   36.00 
SCHHE 39 70 1.82 21.13 824.2 MT   21.13   39.00 
SJ 39 74 1.78 23.36 910.9 MT   23.36   39.00 
HC 39 82 1.87 23.45 914.5 MT   23.45   39.00 
MJ 40 79 1.81 24.11 964.6 MT   24.11   40.00 
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4. Examination Form 

 

Date:         

        

Time ID/Name Condition Doctor Question Weight/kg Tallness/m Age/years 

                

        

Time/min 
HR X1 
Puls/min 

Velocity 1 
 cm /s 

Velocity 2 
cm /s 

Velocity 3 
 cm/s 

Angle ° 
1  

Angle ° 
2 

Angle ° 
3 

   RR mmHg             

        

 
Diameter 1 

cm 
Diameter 2

cm 
Diameter 3 

cm    

 

Diameter X1 

          

        

Time/min 
HR X2 
Puls/min 

Velocity 1 
 cm /s 

Velocity 2 
cm /s 

Velocity 3 
 cm/s 

Angle ° 
1  

Angle ° 
2 

Angle ° 
3 

   RR mmHg             

        

 
Diameter 1 

cm 
Diameter 2

cm 
Diameter 3 

cm    

 

Diameter X2 

         

        

Time/min 
HR Y 
Puls/min 

Velocity 1 
cm/s 

Velocity 2 
 cm/s 

Velocity 3 
 cm/s 

Angle ° 
1  

Angle ° 
2 

Angle ° 
3 

   RR mmHg             

        

 
Diameter 1 

cm 
Diameter 2

cm 
Diameter 3 

cm    

 

Diameter Y 

         

        

Time/min 
HR Z 
Puls/min 

Velocity 1 
cm/s 

Velocity 2 
 cm/s 

Velocity 3 
 cm/s 

Angle ° 
1  

Angle ° 
2 

Angle ° 
3 

   RR mmHg             

        

 
Diameter 1 

cm 
Diameter 2

cm 
Diameter 3 

cm    

 

Diameter Z 
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5. Schedule of the Examination  
 

  8:00 AM Echo 1             
  8:05 AM               
  8:10 AM               
  8:15 AM   Echo 1           
  8:20 AM               
  8:25 AM     Echo 1         
  8:30 AM Echo 2             
  8:35 AM Mobil             
  8:40 AM Echo 3     Echo 1       
  8:45 AM Echo 2           
  8:50 AM Mobil           
  8:55 AM Echo 3 Echo 2         
  9:00 AM Mobil         
  9:05 AM Echo 3         
  9:10 AM Echo 2       
  9:15 AM Mobil       
  9:20 AM Echo 3       
  9:25 AM   Echo 1     
  9:30 AM         
  9:35 AM       Echo 1   
  9:40 AM Echo 4         
  9:45 AM         Echo 1 
  9:50 AM             
  9:55 AM   Echo 4   Echo 2     
10:00 AM         Mobil     
10:05 AM     Echo 4   Echo 3 Echo 2   
10:10 AM           Mobil   
10:15 AM           Echo 3 Echo 2 
10:20 AM       Echo 4     Mobil 
10:25 AM             Echo 3 
10:30 AM               

10:35 AM               

10:40 AM               

10:45 AM               

10:50 AM               

10:55 AM               

11:00 AM               

11:05 AM         Echo 4     

11:10 AM               

11:15 AM           Echo 4   

11:20 AM               

11:25 AM             Echo 4 
 

  Echo measurement 
  Mobilisation technique 
  Rest 
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6. Raw Data  (x1) and (x2) 
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7. Raw Data (y) and (z) 
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8. Declaration of Consent 
 
Hanno Halbeisen 
Osteopath 
Unterer Kirchweg 4 
A - 6850 Dornbirn 
 
0043-5572-25535 
hanno.halbeisen@cable.vol.at 
 
 
 
 

Declaration of Consent 
     
 
 
 Name: 
 
 
 First Name: 
 
 
 Date of Birth: 
 
 
 

• I declare my consent to take part in the osteopathic study „Mobilisation of 
the lesser omentum“ 

  
• I was informed about the background, purpose and possible adverse 

reactions.  
 

• I agree, that relevant examination data of this research are passed on to 
Hanno Halbeisen for his master thesis.  

 
 
All data are treated as confidental according to the data protection act.  
Before evaluation data are being anonymised.  
 
 
 
 
Place, Date:_______________________Signature:______________________ 
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9. Explanation for the Participants 
 
  
 
 
Dear participants of the study, 
 
 
in the course of my master study in osteopathy at the Donau Universität in Krems, I 
perform an osteopathic study, or more specifically a fundamental research. 
  
Therefore, first I want to inform you about the procedure of the study:  
 
During these examinations, an ultrasound examination of your portal vein is 
performed by a medical specialist while you are lying on your left side. This 
examination is absolutely pain free and lasts only a short time.  
After half an hour, during which you can pause in a resting room, that is reserved 
for you, another ultrasound examination will be performed.   
Then, you will be treated with a manual technique by a trained and experienced 
osteopath. The administered technique will neither be invasive nor painful. 
After the intervention, a third ultrasound examination will be conducted by the 
medical specialist. 
In order to find out, if the effect of the technique continues for a longer time, another 
examination will be performed one hour later. During this hour, you should wait 
sitting in the resting room. 
By a comparison of the initial data and the data after the osteopathic intervention, 
we can evaluate changes in the portal blood flow. 
 
 
Although you don’t have to expect any adverse reactions, you might experience 
side effects e.g. due to nervousness or tension during the examinations. In this 
case, you can claim the termination of the examination at any time.  
 
 
 
Thank you for your co-operation 
 
 
 
Hanno Halbeisen 
 
 

 


