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CHAPTER I

Introduktion

The theories concerned with the passage and 
arrest of ureteral stones are contradictory.

It has been widely assumed that spasm 
plays a major role in ureteral stone disease. 
One of the chief arguments has been that 
only spasm can prevent the expulsion of a 
ureteral stone in cases where the diameter 
of the stone is much smaller than that of the 
ureteral lumen (Kiil, 1957].

On the other hand Kiil found from his own 
urometric studies and from perusal of the 
literature that spasm of the upper urinary 
tract had not been conclusively demonstrated.

Some authors think that oedema at the 
level of a ureteral stone may oppose the 
passage of small stones (Dourmaskin, 1949; 
Deuticke, 1951; Kiil, 1957; Boeminghaus, 
1963; Monterò, 1964]. It remains, however, 
to demonstrate how small ureteral stones 
produce the oedema of the ureteral wall in 
these cases. It is assumed that sharp-edged 
stones cause damage to the ureteral mucosa 
more easily than smooth ones (Kiil, 1957], 
but Sandegård [1956] could show that when 
the diameter was similar, irregular stones 
passed spontaneously as often as smooth 
ones.

Some authors (McKay, Baird & Lynch, 
1948; Palócs, 1962; Kirsch, Ardenne & Reit- 
nauer, 1965] think that the presence of 
normal ureteral peristalsis explains why a 
patient is able to pass a stone. Other authors 
(Kiil, 1957; Bäcklund, 1963; Rutishauser, 
1963] have pointed out that above an ob

structing stone no peristaltic activity is found 
in urometric recordings.

Many authors think that a high fluid intake 
with corresponding high urine flow and high 
urine pressure level above the stone facilitates 
the passage of a ureteral stone (Lowesly & 
Kirwin, 1960; Giertz, 1962; Palócs, 1962; 
Christiansen, 1962]. Others have shown that 
ureteral concrements can pass through the 
whole ureter even if a ligature is placed 
proximally to the concrement (Holmlund & 
Hassler, 1965] or if the ureter is drained 
above the stone level by means of a catheter 
(Engberg & Palmlöf, 1967]. Some authors 
think that a high fluid intake can cause an 
increase in the oedema at the level of a 
ureteral stone and thus hamper its passage 
(Boeminghaus, 1961; Zoedler, 1963].

The aim of the present investigation is to 
study the mechanism of the passage and arrest 
of ureteral stones. The ureter is regarded not 
only as an organ of peristaltic activity but also 
as an elastic or plastic tube with properties 
clearly defined by its anatomical build and 
the physical laws of elasticity.

This investigation is divided into three 
parts :

I. An analysis of the mechanical principals 
of the passage and arrest of a spherical 
body inside an elastic or plastic tube.

II. A study of the mechanism of the passage 
of artificai concrements placed in the 
urinary tract of rabbits.

III. Clinical observations.
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CHAPTER II

Anatomy of the ureter

MACRO ANATOMY
The adult human ureter is a rather thick- 
walled tube varying in length from 28 to 33 
cm. The outer diameter measures approxi
mately 5 mm. The lumen of the ureter varies 
with the urine content. The empty ureter has 
a lumen of 1 mm.

At three points the calibre of the ureter is 
considerably narrowed. These normal con
strictions occur:
1] where the ureter emerges from the renal 

pelvis,
2) where it crosses the common iliac artery, 
3} where it enters the bladder wall.

MICRO STRUCTURE
The ureteral wall can histologically be sepa
rated into four different parts:
1] Outer fibrous coat
2] Muscle coat
3] Submucosal coat
4] Mucosal coat.

1. Outer fibrous coat
This coat is of varying thickness and is com
posed of areolar connective tissue and elastic 
fibres which follow no definite arrangement. 
At its lower end there is a group of longi
tudinal muscle fibres located to one side. 
This part of the coat, which is also rich in 
elastic fibres, is known as Waldeyer’s ureteral 
sheath. At the intramural portion of the 
ureter these muscle fibres join the muscle of 
the bladder (Waldeyer, 1892; Zuckerkandl,

1903; Möllendorff, 1930]. The outer fibrous 
coat is the seat of large blood vessels and 
nerve trunks, which give off many branches 
forming a network of rhomboid meshes. The 
ureter is situated retroperitoneally and the 
outer fibrous coat, along its whole course, is 
touching the peritoneum. Where the peri
toneum touches the ureter, the connective 
fibres become thicker and in the form of 
bands constitute special links between the 
ureter and peritoneum. These structures are 
more distinctly developed in the lower half 
of the ureter (Satani, 1919].

2. Muscle coat
Microscopical examination of the whole 
length of the ureter has shown that the course 
of the muscle fibres varies at different levels. 
This fact seems to account for the divergent 
findings of investigators [Satani]. The coat 
varies also in thickness at different levels. It 
is thicker in the middle ureter and gradually 
decreases towards each end. This gradual 
reduction in thickness is more pronounced 
in the lower end of the ureter.

The upper end of the ureter has an ex
tremely thin muscle coat made of fibres run
ning in irregular, oblique lines. There is no 
distinct layer formation but the muscle fibres 
are bound into small bundles, separated by 
large amounts of connective tissue.

The middle part of the ureter has three 
distinct muscle layers. One well developed, 
circular layer and two less developed, longi
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tudinal layers, one inner and one outer. The 
longitudinal layers generally show a gradual 
increase towards the lower end in the amount 
of muscle fibres as well as in the size of each 
bundle, while the circular layer becomes 
thinner towards the bladder.

The lower end of the ureter, excluding the 
intramural part, has a large number of longi
tudinal fibres united into practically one layer. 
In the midst of this layer there are a few 
very weak circular bundles.

The intramural part of the ureter has no 
circular fibres at all, only the strong longi
tudinal layer remains. This layer, however, 
gradually decreases towards the lower end. 
On the medial side in particular this muscle 
layer rapidly disappears soon after entering 
the bladder wall.

3. The submucosal coat 
According to Möllendorff [1930) this coat 
can be separated into three different layers:

A. Real submucosa
B. Tunica propria
C. Capillary layer.

A. The real submucosal layer is found 
close to the muscle coat. In this layer the 
connective tissue is loosely constructed. This 
part of the submucosal coat has only few 
elastic fibres which are closely connected to 
the vessels. The vessels do not pass straight 
from the outer fibrous coat into the mucosal 
coat but follow the collagen and elastic fibres 
in various directions. By this arrangement 
the lumen of the vessels is not changed when 
the ureter is distended or contracted. The 
ureteral wall is separated into two parts,

FIG. 1. Histological cross-section. A. Human ureter. Middle part. X 25. B. Rabbit ureter. Middle part. X 55. 
Tunica propria layer indicated with arrows, van Giesoris stain.
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which according to Möllendorff can move in
dependent of each other, by the loosely con
structed submucosal layer. The tunica propria 
(see below] and the mucosal coat take no 
part in a contraction of the longitudinal 
muscle and the muscle coat takes no part in 
the length folding of the mucosa and the 
tunica propria (Fig. 1].

B. The tunica propria is a dense part of 
the ureteral wall just below the mucosal coat 
and the capillary layer. It is made up of 
collagen fibres forming an irregular network. 
When distended these fibres are arranged 
concentrically around the ureteral lumen. 
Among the collagen fibres, often close to the 
vessels, there is a fine network of elastic 
fibres. These fibres seem to vary greatly in 
amount (Stein & Weinberg, 1962]. Most 
authors think that these elastic fibres allow 
the ureteral mucosa and the tunica propria 
to regain their longitudinal folds after a dis
tension (Möllendorff; Boone, 1959; Lowsley 
& Kirwin, 1960; Bloom & Fawcett, 1962].

The intramural part of the ureter has no 
longitudinal folds in a collapsed state. This 
was noted as early as 1894 by Disselhorst 
and stressed by Möllendorff in 1930. In this 
part of the ureter the collagen fibres are 
arranged concentrically around the lumen of 
the ureter before the distension of the ureter 
(cf. Fig. 20 A]. Because of this arrangement 
of the fibres the distensibility of the intra
mural part of the ureter is reduced.

C. The capillary layer consists of capillary 
vessels very close to the mucosal coat. Cap
illaries penetrate into this layer accompanied 
by a fine net of collagen fibres.

4. The mucosal coat
The ureteral lumen is covered with a strati
fied transitional epithelium in four to six 
layers, which have almost the same structure 
throughout the ureter. The first layer of the 
epithelium is composed of large polygonal

cells. The deeper layers consist of rows of 
collumnar cells. When distended the epi
thelium is thin and the cells are greatly 
flattened and stretched parallel to the surface. 
The epithelium is impermeable to the normal 
soluble substances of the urine.

COMMENTS
In the two narrow parts of the ureter, the 
intramural and the pelvico-ureteral conjunc
tion, no circular muscle fibres are found. 
Most ureteral stones are arrested in these 
places. From this one may conclude that the 
spasm of circular smooth muscle does not 
cause the arrest of these ureteral stones.

The ureteral wall is divided into two dif
ferent parts by the loosely constructed sub
mucosal layer.

The outer part consists of the muscle coat 
and the outer fibrous coat.

The inner part consists of the mucosal coat, 
the thin capillary layer and the tunica propria.

These two parts can move rather freely in 
relation to each other. This allows a con
traction of the longitudinal muscle of the 
ureter without any movement of the mucosal 
layer and a lengthwise folding of the mucosal 
coat which does not affect the outer layers 
of the ureteral wall (Möllendorff]. A trans
verse folding of the mucosal coat ahead of a 
ureteral stone is also possible (cf. Chapter 
VII].

Connective tissue constitutes 70 % of the 
cross-section of the ureteral wall (Möllen
dorff]. It seems probable that the distensi
bility of the wall depends chiefly on the 
arrangement and the distensibility of the 
connective fibres of the wall.

In a collapsed state the whole ureter with 
the exception of the intramural part shows 
longitudinal folds of the mucosa, and the 
collagen fibres of the tunica propria are 
irregularly arranged. When distended the 
ureteral mucosa is unfolded and the collagen 
fibres of the tunica propria are concentrically
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arranged around the ureteral lumen. The 
initial distension, the unfolding, requires only 
a little force but further distension is much 
more difficult. In the intramural part of the 
ureter no longitudinal folds of the mucosa 
are found and even before distension most 
collagen fibres of the tunica propria are con

centrically arranged. From this construction 
of the intramural part of the ureter it is 
apparent that the initial distension of this 
part of the ureter requires more force than 
a corresponding distension of the upper 
ureter.
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Some physical properties of the ureteral wall

CHAPTER III

Ut tensio sic vis.
Robert Hooke (1653—1703)

Physical constants of an elastic body
No solid body is completely rigid. A force 
which acts on a solid body without displacing 
it will deform it, that is, cause a movement of 
various parts of the body in relation to one 
another. When the force is removed, the 
perfect elastic body regains exactly its origi
nal form.

When the body retains the deformation it 
is said to be plastic.

No substance is perfectly elastic when very 
large forces are applied, but for moderate 
forces the deformation is proportional to the 
magnitude of the force applied, Hooke's law. 
The point at which Hooke's law ceases to 
apply is known as the elastic limit. With a 
still larger load the yield point is reached. The 
body is at maximum extension which is de- 
cribed as a percentage of the original length.

The deformation produced in an elastic 
body is called the strain and the force causing 
it is the stress. In general one assumes that 
the body has the same elastic properties re
gardless of the direction of the stress, that is, 
it is isotropic.

Usually three types of strain can be di
stinguished:
1] Longitudinal deformation 
2} Compression or distension 
3} Shear or angular deformation

The relation of stress to strain of these 
three types is defined by a modulus of elas
ticity. The deformation most commonly con
sidered is that of longitudinal strain due to 
a longitudinal, tensile stress. The modulus

that describes this is Young's modulus also 
called Young's constant usually designated 
by E or Y.

By definition:
g _ Applied load per unit area of cross-section 

Increase in length per unit length (1}

If F is the load, A the cross-section, L the 
initial length and A L the extension then

F/A F-L
AL/L~AL-A (2)

The dimensions are dynes / cm2 per 100 
per cent elongation.

Young’s modulus of elasticity for different 
tissues has been estimated. The figures given 
in table I are according to Burton (1954}.

TABLE I
Young’s constant Max. extension

Collagen 1 X 109 50 %
Elastin 2 X 107 1 00 %
Rubber 4 X 107 600 %
Smooth muscle
contracted 1 X 105 300 %
Do. relaxed 6 X 104 300 %

These figures show that the elasticity of 
the smooth muscle, often expressed as the 
distensibility, is 10.000 times that of collagen 
and 200 times that of elastin.

The properties of an elastic tube
When an internal pressure is applied to a 
closed tube, its volume will increase because 
of lengthening and distension. The distension 
creates the circumferential or tangential ten



13

sion. This tension of the tube wall is related 
to the pressure inside the tube by Laplace's 
law for a cylinder

T = P • R [3]

where T is the tension in dynes per cm length 
of the tube, P is the internal pressure in dynes 
per cm2 and R is the radius of the tube in cm. 
When the tube is narrow and the wall thick 
R is approximately the radius of the inner 
lumen + half the wall thickness (Frank, 
1920}. As R increases with P the tension in
creases exponentially with P.

According to the definition of Young's 
constant (1):

A T = E • A . A R * 2 jr 
R • 2 7x C4]

where E is Young's constant and A is the 
product of the wall thickness and the length 
of the tube. It is proposed that the length is 
constant in an isotropic tube.

From equation (4} one can conclude that 
the tension in the tube wall depends upon 
the wall thickness (A], the increase of the 
radius, and Young's constant [E] of the 
tissue. Young's constant for living tissue, 
however, increases with distension and this 
rise is not linear. To explain this pheno
menon it is postulated that at small exten
sions the collagen fibres have not been pulled 
out straight and that the stress-strain be
haviour is entirely determined by the modu
lus of elasticity of the elastin fibres and the 
smooth muscle fibres which are stretched 
(McDonald, I960}. With a further distension 
the stress-strain relation is determined mostly 
by the modulus of elasticity of collagen. A 
schematic diagram of the elastic behaviour 
of a muscular artery is given in fig. 2, redrawn 
from Wezler & Sinn (1953}. Up to point 1 
the smooth muscle is the only element which 
is extended; between points 1 and 2 the 
elastin is determining the extent of the 
elongation; at point 2 it is assumed that the 
collagen fibres are straightened and, there-

Radius

FIG. 2. Schematic diagram of the elastic behavior of 
a musculary artery or of a ureter to illustrate the 
hypothesis that three main components successively 
determine the form of the curve. Up to point 1 the 
contracted smooth muscle is the only element being 
extended; between points 1 and 2 the elastin is de
termining the extent of the elongation; at point 2 
the collagen fibres are straightened out and therefore, 
between points 2 and 3, the collagen (having a much 
higher modulus of elasticity than elastin) is deter
mining the tension-length relationship. The ordinate 
and abscissa are in arbitary units (redrawn from Wez

ler & Sinn, 1953).

fore, between points 2 and 3 the collagen 
fibres are determining the tension-length rela
tionship.

Dynamic behaviour of elastic material
The properties of a perfect elastic body take 
no account of the rate at which the stress is 
applied. In many materials, however, and 
this includes all living tissues, the time factor 
is important. If living tissue is rapidly ex
tended the tension also increases rapidly
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[Fig. 3]. Bozler [1941] found that Young’s 
constant for a smooth muscle was 200 times 
higher at rapid stretch than at steady traction.

When living tissue is stretched and then 
held at the new length, tension gradually falls 
to a steady value. This phenomenon is known 
as stress relaxation. Similarly when a constant 
load is applied to the material it will increase 
in length immediately and then slowly con
tinue extending until it reaches a state of 
equilibrum. This phenomenon is known as 
creep. Creep and stress relaxation are de
scribed as the visco-elastic behaviour of a 
material. This implies that the stress-strain 
relationships of a body are determined partly 
by some components that are elastic in the 
sense defined in the preceding sections but 
partly by other components behaving as if 
they were flowing like a viscous fluid. The 
resultant behaviour will differ according to 
the arrangement of these components, which 
may be in series, in parallel, or in a combina
tion of both [Burton, 1954].

The term visco-elastic and elastomeric tend 
to be used interchangeably [McDonald].

TENSION

ISO sec

30 L

FIG. 3. The tension of an in situ bladder wall. The 
volume of the fluid input was maintained at a con
stant but the rate was varied (redrawn from Reming

ton, 1957).

THE PHYSICAL LAWS OF ELASTICITY 
CONCERNING THE URETER WITH A 

STONE INSIDE IT
As every living tissue has elastic or more 
correctly visco-elastic properties [Burton] the 
ureter can be regarded as a visco-elastic tube.

From the construction of the ureteral wall 
[cf. Chapter II] it can be assumed that the 
stress-strain relationship of the ureter follows 
approximately the same line as the stress- 
strain relationship of a muscular artery.
[Fig. 2].

A stone inside the ureter causes stress 
on the wall. The strength of this stress 
depends on the size of the stone. A large 
stone causes a pronounced distension of the 
ureter and thus a high tension in the wall. 
From the shape of the diagram in fig. 2 one 
finds that there is a limit value of the stress 
[at point 2] above which there is a pro
nounced rise in the strain. That is there is a 
limit value of the diameter of a ureteral stone 
above which the stone causes a high tension 
of the ureteral wall. When this tension is 
too high the stone cannot pass.

When a stone is arrested in the ureter 
without obstructing the passage of urine, the 
stress caused by the stone is constant. After 
some time the strain in the ureteral wall 
ceases and the stone becomes free, a pheno
menon! of stress relaxation. Such a pheno
menon in the rabbit ureter with a stone is 
described earlier by Holmlund &. Hassler 
[1965]. When an arrested ureteral stone 
obstructs the passage of urine, there is a 
continous rise in the pressure behind the 
stone. This pressure rise causes a strain in 
the wall above the stone but also at the level 
of the stone [cf. Chapter VI]. This strain 
depends òri:
the rapidity of the rise in pressure,
the pressure level,
the size of the stone,
the width of the ureteral lumen,
the thickness of the ureteral wall,
the modulus of elasticity of the ureteral wall.
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When the pressure reaches the filtration 
pressure of the kidney, the stress again be
comes constant but the ureter above the level 
of the stone is continually distending owing 
to the creep phenomenon [cf. above].

Many authors [Risholm, 1954; Rutis- 
hauser, 1963] have shown that a high pres
sure of urine above an obstructing stone 
causes ureteric colic. It seems probable that 
the pain depends on the strain of the urete
ral wall caused by the stress of high pressure 
inside the ureteral lumen. That is the patient 
notices the tension of the ureteral wall, not 
the absolute pressure level inside the lumen. 
According to Laplace's law the tension of an 
elastic tube wall is the product of the pres
sure inside the tube and the radius of the

tube [cf. Equation 3]. From that one may 
conclude that a moderate pressure rise inside 
a distended tube causes the same rise in 
tension as a great pressure rise inside a 
narrow tube. That is the ureteric colic of a 
patient depends on the pressure level inside 
the ureter and on the radius of the ureter. 
It was found by Kiil [1957] that after disten
sion of the urinary tract ureteric colic occur
red as a result of less violent stimulus, less rise 
in pressure, than before distension. He thought 
that this phenomenon depended on ruptures 
of the mucosa at the first distension, but 
it seems possible that the phenomenon can 
be explained by means of Laplace's law [cf. 
above].
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Friction between different concrements 
and cadaveric ureteral mucosa

CHAPTER IV

Friction is the force that opposes the sliding 
or rolling of one object on another.

The physical laws concerning friction were 
described as early as 1781 by Coulomb who 
found that

F = f • N C5)

where f is the coefficient of friction for one 
object sliding on another and N the force 
pressing the two objects together.

Static friction, the force that must be 
overcome to start sliding is greater than 
kinetic friction, the force that must be over
come to maintain sliding.

The kinetic friction is independent of the 
speed of sliding. Friction is independent of 
the apparent area of contact between two 
objects.

Friction also opposes the sliding of a 
ureteral stone on the ureteral mucosa. This 
friction is determined by the strength of the 
radial tension in the ureteral wall at the level 
of the stone and by the coefficient of friction 
between the ureteral mucosa and the stone. 
A direct study of this friction in vivo is not 
possible. An indirect way is to press a stone 
against the ureteral mucosa with a known 
force and then measure the force that is re
quired to make the stone slide. This method 
has been used in the present study.

METHOD 
(Fig. 4)

The ureters were fresh human cadaveric ones 
from patients who had had no urinary di
sease. The length of the ureters in situ was 
18 cm. After longitudinal division they were 
pinned on a cork slab still 18 cm in length.

FIG. 4 A. Apparatus for measuring the friction bet
ween human cadaveric ureter and different concre
ments. B. Detail of the apparatus. Sledge attached to 
the spring of the tension recording instrument. Concre
ments under the sledge placed upon a cadaveric 

human ureter.
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The cork slab could be continously moved 
at a rate of 8 mm per minute. The ureters 
were moistened with isotonic NaCl.

The concrements used were artificial con
crements measuring 2 mm in diameter [a 
detailed description is given in Chapter VII] 
and an oxalate human ureteral stone with a 
diameter of 2 mm.

The concrements were placed under a 
sledge made of brass and with a longitudinal 
section like an isosceles triangle, base 6 mm, 
height 12 mm. The weight of the sledge with 
the concrements adapted was 1.51 g.

Two artificial concrements were placed at 
the base of the sledge and remained un
changed throughout the experiments. The 
concrement at the apex of the sledge was 
changed. The apex of the sledge was fixed 
with a hair to an instrument by which the 
force, required to keep the sledge steady 
when the ureter was moved, could be re
corded. This instrument consisted of a sine

wave oscillator and a pair of strain gauges 
fixed on a metallic spring. The strain gauges 
formed a part of an A—C bridge amplifier. 
Via a demodulator and a low pass filter the 
instrument was connected to the output 
stage of a Mingograph (Elema Schönander, 
Solna, Stockholm, Sweden}. Within the area 
used the instrument gave a linear recording 
of the force deforming the spring. The in
strument was manufactured by Bröderna 
Ljungström, Stockholm, Sweden.

Experiments were also made with the 
sledge sliding upon rubber and glass.

RESULT 
CFig- 5)

The friction curve had a serrated line. This 
was particularly pronounced when an ir
regular oxalate stone was used at the apex 
of the sledge. The ascending part of the curve 
had an upwards convex line in experiments 
carried out on cadaveric human ureters.

FIG» 5. Friction diagrams. A. Artificial concrements sliding on human cadaveric ureter. 
B. Two artificial concrements and one oxalate stone sliding on human cadaveric ureter. 

C. Artificial concrements sliding on glass.
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When the sledge slid on glass the ascending 
part of the curve was linear.

The top of the curve was very sharp when 
the sledge slid on glass but rather smooth 
when it slid on a ureter.

When the sledge had been on the initial 
spot for only a few seconds before traction 
was applied the static friction was lower, 
than when the sledge had been on the same 
spot for a few minutes (cf. Table II}.

TABLE II
Static friction between artificial concrements and 

cadaveric ureteral mucosa 
(Starting time varied)

Immediate traction 
Traction applied after 1 min.

» » » 2 »
» » » 3 »

COMMENTS 
Method

The weight of the sledge was so chosen that 
the traction which was required to make it 
slide was approximately equal in strength to 
the driving force above a stone arrested in 
the ureter. This force can be calculated from 
the diameter of the stone and the pressure of 
urine above the stone.

Example: Stone diameter 2 mm. Pressure 
above the stone 30 cm water. 

Driving force: 30 • tt • 0.1 • 0.1 = 0.94 dyn

In our experiments the traction which was 
required to make the sledge move was « 0.8 
dyn.

The triangular form of the sledge was to 
give it stability and provide extensive points 
of contact. At the base of the triangle the 
same concrements were used in all experi
ments. The concrement at the apex was 
changed. The variations of the friction and 
the friction curves noted in the different 
experiments thus depended on the variations 
of the friction between the ureteral mucosa

or the glass and the different concrements at 
the apex of the sledge. Of course this method 
does not give an exact figure for the friction 
between one concrement and the ureter 
during life but it does give some idea of the 
size of the friction and of the deformation of 
the ureteral wall caused by a stone.

Result
Longitudinal deformation

When a sledge moved on glass, the ascending 
part of the friction curve was linear, but 
when the sledge moved on human ureter the 
ascending part of the friction curve was 
convex upwards. This convexity indicated 
that there was a movement of the sledge 
relative to the cork slab before there was 
any movement of the sledge relative to the 
ureteral mucosa. That is there was a longi
tudinal deformation of the ureter at traction. 
This deformation was probably accompanied 
by the formation of a fold in the mucosal 
layer ahead of the stone. This deformation 
depends on the strength and duration of the 
traction. In our experiments the strength of 
the traction increased till the static friction 
was overcome. The time of traction was 
short, only « 1 minute.

In vivo there is probably a similar deforma
tion of the ureteral mucosa when a stone is 
forced downwards in the ureter by high 
pressure above it. In this case the fold ahead 
of the stone is probably circular or almost 
circular. Such a fold narrows the ureteral 
lumen ahead of the stone and thus opposes 
the passage of the stone. In vivo the driving 
force is a high pressure above the stone. This 
force sometimes acts over a long period, 
hôüfé tô days, and can, owing to the creep 
phenomenon [cf. Chapter III), cause a pro
nounced deformation. Inflammatory changes 
in the ureteral wall can preserve such a de
formation even when urine flow is estab
lished and the pressure above the stone is 
reduced.

575 mg 
695 » 
715 » 
795 »
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Transverse deformation

In experiments upon cadaveric ureters it was 
shown that when the sledge was resting upon 
the same place for a few minutes before 
traction was applied the friction was greater 
than when traction was applied immediately. 
It is probable that this difference depended 
on a transverse deformation of the ureteral 
wall. This deformation depended on the 
weight of the sledge and the time this stress 
acted (cf. Chapter III].

In vivo the ureteral stone also deforms the 
ureteral wall but this deformation depends 
on the width of the ureteral lumen and on 
the size of the stone. A distension of the ure
teral lumen above and/or below the stone /
reduces the transverse deformation of the 
ureteral wall caused by stone. On the other 
hand a peristaltic contraction which passes 
the stone level and evacuates the urine ahead 
of the stone reduces the width of the ureteral 
lumen ahead of the stone. That is the de
formation of the ureteral wall, caused by the 
stone, increases and so does the friction bet
ween the ureteral mucosa and the ureteral 
stone (cf. Chapters V & VIII].

Static & Kinetic friction
The friction curves show that the kinetic 
friction is lower than the static friction and 
that there are variations in the kinetic fric
tion.

In vivo there are probably also variations 
in the kinetic friction when a stone is passing 
through the ureter. These variations depend 
on narrowings of the lumen and on turnings 
of the stone with variations of the cross- 
diameter and of the coefficient of friction. 
These variations sometimes cause an arrest 
of the stone and then the stone does not pass 
until the static friction is overcome.

Coefficient of friction
When one object is sliding on another with
out deforming it the force N in equation [5] 
is equivalent to the weight of the object.

When the sledge with its concrements slid 
on ureteral mucosa and deformed it, the 
force N in equation (5] depended on the 
weight of the sledge and on the component 
force of the traction directed perpendicularly 
towards the deformed ureteral mucosa. This 
component force increased with the deforma
tion of the ureteral wall, and was less 
pronounced when the traction started im
mediately after the sledge was placed upon 
the ureter. In this experiment the force N 
in equation (5] depended chiefly on the 
weight of the sledge.

Under these conditions the coefficient of 
friction between three artificial concrements 
and ureteral mucosa was estimated as « 0.4 
and between two artificai concrements one 
oxalate stone and ureteral mucosa as « 0.5.

SUMMARY

Concrements measuring 2 mm in diameter 
were pressed against the mucosa of cadav
eric human ureter with a force of 1.51 dyn. 
A longitudinal traction was applied to the 
concrements after varying periods. The 
strength of this traction was equal to the force 
that acts above a stone measuring 2 mm in 
diameter and obstructing the urine flow. It 
was found that the longitudinal traction 
caused a longitudinal deformation of the 
ureteral wall and probably a fold ahead of 
the stone.

Concrements pressed against a ureter 
caused a transverse deformation of the urete
ral wall. This deformation increased with 
the time the pressure was maintained. An 
increase of the transverse deformation in
creased the friction between the concrement 
and the mucosal layer.
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CHAPTER V

Passage of a spherical body through an elastic tube 
containing fluid.

A model study.

Mathematical analysis of the physical laws of 
an elastic or elastomeric tube especially a 
living elastic tube is very complicated (Me 
Donald, 1960). When a body is placed in 
such a tube the mathematical problems are 
even more complicated. It has not been 
possible to find any mathematical analyses of 
these problems (Documentation department 
of I.V.A., Stockholm). Model trials are a 
possible way of studying these problems. In 
this chapter such a study is reported and 
the results are compared with some clinical 
findings in patients with ureteral stones.

METHOD 
[Fig. 6)

A rubber tube, Penrose Drainage Tubing 
Latex, diameter 5/8" No 9791, Davol Rubber 
Co. Providence, Rhode Island, USA, was 
fixed at two plinths. The resting diameter of 
the tube was 1.4 cm and the length was 
24 cm. The distance between the two plinths 
could be changed. Different bodies could be 
placed inside the tube. The tube was con
nected by canals, inside diameter 1.5 mm, 
with a cistern on each side. The system was 
filled with fluid and the pressure inside the

FIG. 6. Photo of the model. For detailed description, see text.
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tube could be varied by elevating the cisterns. 
The pressure was expressed in cm water. By 
placing the rubber tube inside a glass tube 
and connecting the latter with a third cistern 
the pressure outside the rubber tube could 
be varied.

In preliminary experiments irregular, pris
matic and cubic bodies were placed inside 
the rubber tube. Most experiments, however, 
were made with cylindrical and spherical 
bodies made of plexi-glass with a diameter 
of 1.7 cm.

In the model the rubber tube represents 
the ureter, the body inside the tube represents 
a ureteral stone, the pressure (Pi) produced 
by the left cistern represents the pressure 
above a ureteral stone and the pressure (P2) 
produced by the right cistern represents the 
pressure ahead of a ureteral stone, the pres
sure (Po) produced by the third cistern re
presents the intra-abdominal pressure or for 
intramural stones the tonus of the bladder 
wall plus the intra-abdominal pressure.

The model could be turned and placed 
with its axis vertical and the right plinth 
downwards. It could also be moved hori
zontally towards a barrier which abruptly 
stopped the movement.

The coefficient of friction between wet 
rubber and a spherical body of plexiglass was 
estimated as ~ 0.4. In one trial the coefficient 
of friction was reduced by the growth of 
algae inside the rubber tube. In some trials 
glycerine (sp. w. 1.026) was used instead of 
water in order to reduce the friction, but 
these recordings were made over a period 
of days because of the viscosity of the fluid. 
When water was used the recordings were 
made within minutes.

RESULT

See table III.
a) The sphere passed when the pressure Pi 

was 20 cm water and the friction was 
reduced by the growth of algae inside 
the rubber tube. P2 and Po = 0. It was 
not arrested by a pressure Po of 10 cm 
water and a pressure P2 of — 10 cm water, 
which caused a collapse of the right part 
of the rubber tube.

b) When the algae were washed out, the 
sphere passed at a pressure Pi of 60 cm 
water but it did not pass at a pressure 
Pi of 50 cm water. P2 and Po = 0.
The sphere passed when the pressure Pi 
was 60 cm water and the pressure P2 was 
+ 10 cm water. Po = 0.
It was arrested when the pressure Pi was 
60 cm water and the pressure P2 was — 
10 cm water or —5 cm water. Po = 0. 
The sphere was arrested when the pres
sure Po was 4 cm water and the pressure 
Pi was 64 cm water. P2 — 0.

c) When the axis of the model was vertical 
and the pressure Pi was 60 cm water a 
sphere in the upper part of the rubber 
tube did not pass. Po = 0 (air inside the 
glass tube). The rubber tube just below 
the sphere was collapsed.
With just the same pressure Pi and air 
inside the glass tube the sphere passed 
when placed in the lower part of the 
rubber tube but when there was water 
inside the glass tube it did not pass. In 
all experiments the water level in the 
right cistern was at the right plinth level.

d) A horizontal movement of the model to 
the right and then a rapid retardation did 
not make a cylindrical body pass when it 
was placed 15 cm from the right plinth. 
Pi = 62 cm water, and Po = 0 cm water 
(air inside the glass tube).
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TABLE III
Result of model study

Pi Pz Po Effect on the 
body

a) Fluid — water 20 cm H2O 0 cm H2O 0 cm H2O Passed
Spherical body. Diameter 1.7 cm 20 » » —10 » » 0 » » Passed1)
Model horizontal
Growth of algae inside the tube

20 » » —10 » » 5 » » Passed1)

b) Fluid — water 50 » » 0 » » 0 » » Arrested
Spherical body. Diameter 1.7 cm 60 » » 0 » » 0 » » Passed
Model horizontal 60 » » 10 » » 0 » » Passed
Algae washed out 60 » » —10 » » 0 » » Arrested1)

60 » » — 5 » » 0 » » Arrested1)
70 » » — 5 » » 0 » » Passed1)
64 » » 0 » » 4 » » Arrested1)
61 » » 0 » » 1 » » Passed

c) Fluid — water 60 » » sphere 15 cm above _ Arrested1)
Spherical body. Diameter 1.7 cm right plinth
Model vertical 60 » » sphere 5 cm above — Passed
Right plinth downwards right plinth
Fluid level of right cistern at 60 » » sphere 5 cm above water inside Arrested
right plinth level right plinth glass tube

d) Fluid — water 62 » » cylinder 5 cm _ Passed
Cylindrical body with hemi from right plinth
spherical poles. Diameter 1.7 cm 62 » » cylinder 15 cm — Arrested
Model horizontal from right plinth
Slow acceleration to the right 62 » » cylinder 5 cm water inside Arrested
and then a rapid retardation from right plinth glass tube

e) Fluid — glycerine 43 » » 0 » » 0 » » Arrested
Spherical body. Diameter 1.7 cm 39 » » 3 » » 0 » » Passed
Model horizontal 39 » » 0 » » 4 » » Arrested1)

J) The rubber tube ahead of the body collapsed.

When the same body was placed 5 cm 
from the right plinth it passed at a similar 
retardation when there was air inside the 
glass tube but was arrested when there 
was fluid inside the glass tube. Pi = 62 
cm water.

e) When glycerine was used instead of water 
a sphere did not pass at a pressure Pi of 
43 cm water. P2 and Po = 0.
The sphere passed when the pressure Pi 
was 39 cm water and the pressure P2 was 
3 cm water. Po = 0. The sphere did not 
pass when the pressure Pi was 39 cm 
water and the pressure Po was 4 cm water. 
P2 = 0.
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COMMENTS

I. Driving and opposing forces

Fig. 7 is used as a basis for the following 
discussion.

Two different forces influenced the pas
sage of a body through the rubber tube in 
our model:

A. The driving force produced by the hydro
static pressure.

B. The friction between the tube wall and 
the body.

These forces can be expressed by means 
of two equations:

A. Pi • jr • n2 — P2 • 7x • n2
Pi > P2 (6]

B. F = f. • N (Coulombs law of
friction] (5]

where f is the coefficient of friction bet
ween two objects and N the force that 
keeps the two objects together.

FIG. 7. Schematic drawing of the model. Pi and P2 

= pressure inside the rubber tube. Po = pressure out
side the rubber tube. R = Radius of the spherical 
body, n and n = radius of the rubber tube. P^ == 

radial tension of the rubber tube.

A. THE DRIVING FORCE
When a body completely obstructed the
passage of fluid the pressures Pi and P2 were
estimated from the level of fluid in the
cisterns.

Some bodies, cubic or prismatic ones, ob
structed the passage of fluid only at a very 
low pressure of Pi. Irregular bodies never 
completely obstructed the passage of fluid. 
In these cases the pressures Pi and P2 could 
not be directly estimated from the level of 
fluid in the cisterns. These pressures depend
ed on the amount of fluid, which passed 
into the tube, by the body, and out of the 
tube per minute. In our model there was a 
slow flow into and out of the tube and it 
was found that bodies which did not ob
struct the flow never passed.

Spherical and cylindrical bodies obstructed 
the flow almost completely and in the fol
lowing the discussion is limited to such 
bodies.

Pressure Pi

From equation [6] one can see that the 
driving force is determined by the radius n 
raised to the second power. A rise in pres
sure Pi is connected with an increase in the 
radius n. Thus, the driving force is not a 
linear function of the pressure Pi. The in
crease in the radius n is dependent on the 
distensibility of the wall (cf. Chapter III].

A rise in the pressure Pi causes an increase 
of the driving force that is not linear.

Pressure Pz

A rise in the pressure P2 reduces the driving 
force in the same way as a rise in pressure 
Pi increases it (cf. above]. (P2 > 0].
When pressure P2 — 0 it does not influence 
the driving force (cf. Equation 6].

A further reduction in pressure P2 in
creases the driving force till the tube collapses 
(>2 = 0).

What negative pressure P2 is demanded to 
produce such a collapse depends on the di-
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stensibility of the tube wall and on the dia
meter of the tube. When this negative pres
sure (P2COLIJ is reached a further reduc
tion of the pressure P2 does not influence 
the driving force.

A rise in pressure P2 reduces the driving 
force (P2 > 0]. A reduction of the pressure 
P2 increases the driving force. This effect 
ceases when pressure P2COLL (collapsing 
pressure) is reached.

Pressure Po

A rise in pressure Po does not influence the 
driving force.

B. FRICTION

By definition friction is the force that opposes 
the sliding of one object on another. Accord
ing to Coulombs law (Equation 5] the fric
tion between two objects depends on the 
coefficient of friction (f] between the two 
objects and on the force that presses the two 
objects together (N].

The coefficient of friction (f]

In the experiments where the coefficient of 
friction was reduced by the growth of algae 
inside the rubber tube, the sphere passed at 
a very low pressure Pi and was not opposed 
by a high pressure Po or by a negative pres
sure P2. In other experiments where glycerine 
was used to reduce the friction, the effect 
was not as apparent. These recordings, how
ever, were not comparable because of the 
different time factors. In the experiments 
where water was used in the model the re
sults were noted 2—3 minutes after changing 
the level of the cisterns and the whole series 
of recordings was made within one hour. 
When glycerine was used the recordings were 
made over a period of 12—16 hours and the 
whole series required a week. In this time the 
viscosity of the rubber tube may have influ
enced the result (cf. Chapter III}.

Glycerine has been used locally to reduce 
the friction in the ureter of patients with 
ureteral stones (Dourmaskin, 1927; Kretsch
mer, 1942; Palócs, 1963]. None of these 
authors has been able to show that the 
eventual value of such a treatment depends 
on a reduction of the friction between the 
stone and the ureteral mucosa (cf. Chapter 
VIII].

The force that keeps the tube wall and the 
sphere together (N)

This force cannot be directly measured but 
can be estimated by measuring two other 
factors.

A. The pressure the tube produces upon 
the sphere (Pn)

B. The area (a] upon which this pressure 
acts.

The force (N] can then be expressed:

N = Pn • a (7]

The following factors influence the size of 
the force (N] :

1. The pressures on both sides of the sphere 
(Pi and P2}.

2. The pressure outside the rubber tube
(Po}.

3. The distensibility of the tube wall.
4. The radius of the tube and of the sphere.

Pressure Pi and P2

The pressure Pi has a driving force which 
causes a longitudinal tension of the tube 
wall at the level of the sphere and thus an 
increase of pressure Pn, which results in an 
increase of the force N.

A rise in the pressure Pi is also accom
panied by an increase in the radius n, which 
reduces the area of contact (a] between the 
sphere and the tube wall, which reduces the 
force N.

In Chapter VI the manner in which the 
force N depends on the pressure Pi is ana
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lysed in detail. The pressure P2 has a driving 
force, in an opposite direction to that of 
pressure Pi. A rise in pressure P2 thus re
duces the longitudinal tension of the tube 
at the level of the sphere caused by the 
pressure Pi. That is a rise in pressure P2 

reduces pressure Pn.
A rise in pressure P2 is accompanied by an 

increase of the radius r2, which reduces the 
area of contact [a] between the sphere and 
the tube wall. A sufficient rise in pressure 
P2 gives rz > R [radius of the sphere]. Then 
there is no contact between the sphere and 
the tube wall [a = 0]. Under these conditions 
the sphere moves in the direction of the 
flow.

A reduction in pressure P2 is accompanied 
by a reduction in the radius rz and thus with 
an increase of the area of contact [a] bet
ween the sphere and the tube wall. This 
area reaches its maximum when the tube is 
collapsed [rz = 0).

A rise in pressure P2 reduces the friction 
between the sphere and the tube wall.

A reduction in the pressure P2 increases 
the friction till the tube collapses.

How the pressures above and ahead of 
ureteral stones influenced the passage and 
arrest of ureteral stones is discussed at 
length in Chapter VIII.

Pressure Po
A rise in pressure Po causes a rise in the 

Pressure Pn which increases the force N.
A rise in pressure Po also increases the 

area of contact [a] between the sphere and 
the tube wall. When pressure Po is high 
enough compared with pressure P2 and there 
is free flow from the right part of the tube, 
this part of the tube collapses and the area 
of contact [a] is maximal at this side of the 
sphere.

A rise in the pressure Po increases the 
friction between the sphere and the tube 
wall.

A rise in the pressure outside the ureter, 
the intra-abdominal pressure, occurs during 
micturation, defaecation, vomiting and pe
riods of sickness and during heavy work 
especially in an erect position.

Many patients with ureteric colic feel sick 
and vomit. When the stone is lodged in the 
lower part of the ureter they often suffer 
from intense micturation strains. These 
symptoms are accompanied by high pressure 
outside the ureter which increases the fric
tion between the stone and the ureteral wall 
and thus hampers the passage of the stone. 
Not infrequently patients with a ureteral 
stone get ureteric colic after heavy work 
[Giertz, 1962].

Backman, von Garrelts & Sundblad [1966] 
have pointed out that in micturation or erect 
position the abdominal pressure in the blad
der region is 10 cm water higher in men 
than in women. This may explain why 
ureteral stone disease is more common in 
men [4: 1]. Renal stone disease is only 
slightly more common in men [Boeminghaus, 
1961].

II. Rapid retardation

The force [K] produced by a body with a 
mass [m] and a retardation [r] can be ex
pressed mathematically [Newton].

K = m • r • const [8]

There is a rapid retardation of the model 
when it strikes the barrier and a force di
rected to the right is produced.

Some of this force acts upon the sphere 
inside the rubber tube.

The retardation of the fluid behind the 
sphere has the same effect as a rise in the 
pressure Pi [cf. above].

The retardation of the sphere itself has 
the same effect as traction applied to the 
sphere [cf. Chapter VI].
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The retardation of the fluid ahead of the 
sphere has the same effect as a reduction 
in the pressure P2 [cf. above].

The retardation of the fluid outside the 
rubber tube reduces the pressure Po in the 
left of the tube but raises it in the right of 
the tube [cf. above].

Thus, the total effect of a rapid retarda
tion is an increase in both the driving forces 
and the opposing forces. Under certain cir
cumstances (cf. Table IHd] the driving forces 
dominate and the sphere passes but some
times the opposing forces dominate and the 
sphere does not pass. The only effect is 
"damage" to the tube wall at the level of 
the sphere.

Rapid retardation has been used in the 
treatment of patients with ureteral stones by 
Joseph (1929], Boeminghaus (1961], Krisch, 
Ardenne & Reitnauer (1965]. Kirsch et al. 
used a "Steinschüttelstuhl” which allowed a 
slow elevation and then a free fall of 5 cm 
40 times a minute. The effect of retardation 
on a patient with a ureteral stone depends 
on the mass (m] of the urine above and 
ahead of the stone and on the mass of the 
visceral content outside the ureter. The mass 
of the stone is usually small and can be dis
regarded.

In patients with a stone in the lower ureter 
(that is most patients] the mass of the urine 
above the stone and the visceral content 
outside the ureter is large. At retardation both 
the driving force and the ureteral wall-to- 
stone pressure are increased. As the coeffi
cient of friction between the stone and the 
ureteral wall is high (cf. Chapter IV] the 
driving force cannot in most cases overcome 
the opposing force. That is the stone does 
not pass. The only effect is damage to the 
ureteral mucosa.

Kirsch et al. found that after treatment in 
the ”Steinschüttelstuhl" 38 out of 100 patients 
got typical ureteric colic and 34 out of 100 
patients got increased haematuria.

Thus it is assumed from theoretical analysis 
that rapid retardation of a patient with a 
ureteral stone often causes damage to the 
ureteral mucosa. In their clinical trial Kirsch 
et al. proved that this assumption is correct.

SUMMARY
A spherical body inside a fluid-containing 

elastic tube is influenced by a driving force 
and an opposing force i.e. the friction bet
ween the tube wall and the body. Generally 
an increase in the driving force causes an 
increase in the friction. A rise in the pressure 
outside the tube also increases the friction 
but a rise in the pressure ahead of the body 
reduces it. A greasing of the tube wall re
duces the friction between the body and the 
tube wall.

These findings may be applied to the treat
ment of a patient with a ureteral stone. An 
increase in the driving force causes a simul
taneous increase in friction. Because of high 
friction the stone does not pass but causes 
damage to the ureteral mucosa with an in
flammatory reaction and a urine leak at the 
stone level. The extent of this damage de
pends on the strength of the driving force.

From a mechanical point of view a reduc
tion of the friction seems to be a more 
suitable treatment. In principle this effect can 
be achieved in four different ways.

1. A reduction in the coefficient of friction. 
Glycerine has been used.

2. A reduction in the pressure above the 
stone. Low fluid intake. Drainage of upper 
ureter or renal pelvis.

3. A reduction in the pressure outside the 
ureter (the intra-abdominal pressure]. 
Horizontal position of the patient. No 
heavy work. Anti-emetic and analgetic 
drugs.

4. An increase in the pressure ahead of the 
stone. Horizontal position of the patient. 
Different manipulations of the ureteral 
ostium (cf. Chapter VIII].
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CHAPTER VI

The tension of an elastic and elastomeric tube at the level 
of a body inside the tube 

when different forces are applied to the body

An experimental and clinical study 
by

D. HOLMLUND & L. LINDGREN

When different forces are applied to spherical 
bodies inside an elastic or elastomeric tube 
the radial tension of the tube varies at dif
ferent levels of the spherical body. It can be 
assumed that the variations of the radial 
tension follow in principle the same physical 
laws when the tube is a ureter, a uterine 
cervical canal or a rubber tube and the body 
is a ureteral stone, a foetal head or a wooden 
sphere.

A method of measuring the radial tension 
of the ureteral wall at the level of a stone is 
not available.

The different forces that act on a spherical 
ureteral stone are:
1. The pressure behind an obstructing 

stone.
2. The muscle activity of the smooth muscle 

of the ureter at the level of the stone.
3. The strength of traction at transuretral 

extraction.

Corresponding forces during labour are:
1. The amniotic fluid pressure produced by 

a contraction of the uterine muscle.
2. The muscle activity of the smooth muscle 

of the cervical canal at the level of the 
foetal head.

3. The strength of the traction at vacuum 
extraction.

The aim of the present investigation was to 
study the variations of the radial tension in 
a rubber tube at the level of a spherical body 
when the pressure above the sphere was 
raised or when traction was applied to the 
sphere. The findings in this model study are 
compared with corresponding variations of 
the tension in the cervical canal during 
labour.

METHOD AND MATERIAL

Model study (Figs. 8—10)
The model consisted of a rubber tube fixed 
at the upper end. A wooden sphere was 
placed inside this tube. Water could be 
poured into the lumen of the tube above the 
sphere and traction could be applied to a 
hook at the lower pole of the sphere.

The rubber tube was specially manu
factured by SKEGA, Skellefteå, Sweden. The 
wall thickness was 0.2 cm and the inside 
diameter 6.5 cm. The sphere was made of 
wood with a diameter of 8 cm. A score was 
made in the direction of a meridian of the 
sphere in order to accommodate a tokograph 
(see below) on the surface of the sphere. 
The tokograph could be placed at different 
levels in this score. The position was related
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FIG. 8. Photo of the apparatus. For detailed descrip
tion, see text.

to the largest circumference of the sphere, 
the equator (0] and the distance from the 
equator was measured outside the rubber 
tube. Ex. + 1 stands for a position of the 
tokograph 1 cm above the equator and — 2 
stands for a position 2 cm below the equa
tor.

The tokograph [Figs. 9 & 10) for measuring 
the rubber tube-to-sphere pressure consisted 
of a discus-like metal chamber of 1.8 cm 
diameter and 0.4 cm thick. One side was 
convex with a curvature radius of 5 cm. 
The other side was concave with a curvature 
of 4 cm, corresponding to the radius of the 
sphere. In the centre of the convex side there 
was a circular hole with a diameter of 0.6 
cm. In this hole a cylinder with a diameter of 
0.5 cm was placed on a spring member with 
two strain gauges. A deformation of this 
member gave variations of the resistance of

FIG. 9. Photo of the tokograph. Lateral view.

the strain gauges which were registered 
electronically on a special A—C bridge. The 
cylinder protruded a little beyond the surface 
of the convex side. The tokograph was 
attached to a band of flexible steel thus 
forming a receptor instrument. The instru
ment was manufactured by T. Ljungström, 
Sollentuna, Stockholm, Sweden. A detailed 
description of the tokograph was given by 
Ingelman—Sundberg & Lindgren [1955) and 
by Lindgren [1955).

FIG. 10. Schematic drawing of the tokograph, C — cy
linder. Ch — chamber. M — distance between the 
cylinder and the chamber. G — strain gauge. W — 

wires.
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Traction was applied by placing weights 
on the hook at the lower pole of the sphere.

Water was poured into the tube from 
above and the height of the column of water 
was measured from the top of the sphere by 
means of a measure outside the tube.

Intrauterine tokography during 
contractions

During labour the patient was placed in a 
lithotomy position. The tokograph described 
above was introduced through the cervix 
and placed between the foetal membranes 
and the wall of the uterus. Two to three 
receptors placed on the flexible band of steel 
allowed a simultaneous recording of the 
amniotic fluid pressure and the cervix-to- 
head pressure.

The cervix-to-head pressure at and below 
the largest circumference was studied in 
about 300 patients.

In 12 patients the cervix-to-head pressure 
above the largest circumference was studied.

RESULT 
Model study

In the following the radial pressure on the 
sphere caused by the tension of the rubber 
tube is called Pn.

When no force was applied to the sphere 
placed inside the rubber tube; the pressure 
PN was highest at the equator and diminished 
upwards and downwards.

TRACTION 
(Fig. 11)

The sphere did not pass when a traction of 
less than 8 kp was applied.

An increase in the traction below the 
sphere caused a linear rise in the pressure
Pn.

Above the equator this pressure rise was 
steep.

Below the equator this pressure rise was 
small.

PRESSURE RISE ABOVE THE SPHERE 
(Fig. 12)

The sphere passed when the column of 
water above the sphere was 35—40 cm. The 
driving force of this column of water was 
1.7—2.0 kp.

A rise in the pressure above the sphere 
caused no linear rise in the pressure Pn*

Above the equator the pressure Pn rose 
rapidly when the pressure above the sphere 
rose from 0 to 10 cm water. A further rise 
in the pressure above the sphere caused little 
rise in the pressure Pn* When the pressure 
rose from 20 to 25 cm water the pressure 
PN gradually fell.

Below the equator the pressure Pn was 
little affected when the pressure above the 
sphere rose from 0 to 10 cm water, but a 
further rise in the pressure caused a steep 
rise in the pressure Pn*

Intrauterine tokography 
(Figs, 13 & 14)

Both between and during contractions the 
cervix-to-head pressure was highest at the 
largest circumference of the foetal head (the 
equator].

Above the equator the cervix-to-head pres
sure followed two different curves. In some 
registrations (Figs. 13 & 14] the cervix-to- 
head pressure rose rapidly with a rise in the 
amniotic fluid pressure from 10 to 30 mm 
Hg but a further rise in the amniotic fluid 
pressure to 45 mm Hg was accompanied by 
a reduction in the cervix-to-head pressure.

At maximum contraction the tokograph 
registered the amniotic fluid pressure (Fig. 
14].

In some registrations the cervix-to-head 
pressure rose almost lineally but slowly with 
a rise in the amniotic fluid pressure.

At maximum contraction the tokograph 
registered the amniotic fluid pressure in these 
cases too.

Below the equator the cervix-to-head pres
sure rose only slightly when the amniotic
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Head to cervix 
pressure 
mm Hg
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FIG. 13. Diagram of the cervix-to-head pressure 
during a contraction. + 0.5 = 0.5 cm above the 
largest circumference of the foetal head. — 2.5 = 2.5 

cm below this level.

fluid pressure rose from 10 to 30 mm Hg, 
but a further rise in the amniotic fluid pres
sure caused a steep rise in the cervix-to-head 
pressure (Fig. 13).

COMMENTS

A. Differences in friction when different 
forces were applied to a spherical body 
inside an elastic tube

When downwards traction was applied to a 
spherical body inside a rubber tube fixed at 
its upper end, the tension of the tube above 
and at the level of the sphere rose and the 
diameter of the tube above the sphere was 
reduced.

That is the area of contact and the rubber 
tube-to-sphere pressure increased.

When the pressure above the sphere in
side the rubber tube fixed at its upper end 
was raised, the tension of the tube rose above 
and at the level of the sphere but there was 
also a distension of the tube above the 
sphere.

That is the rubber tube-to-sphere pres
sure increased but the area of contact bet
ween the sphere and the tube was reduced.

Head to cervix 
pressure
mm Hg
150 T-

50 So mm Hg 
Amniotic pressure

FIG. 14. Diagram of the cervix-to-head pressure 
during a contraction 0 = largest circumference of the 
foetal head. + V2, + 1 and + 2 stands for V2, 1 
and 2 cm above this level. Two cm above the largest 
circumference of the foetal head there was no con

tact between it and the cervical wall.

FIG. 11. Diagram of the rubber tube-to-sphere pressure at different levels of a sphere when increasing trac
tion was applied below the sphere. O = Equator. + 2 = 2 cm above the equator. — 1.5 = 1.5 cm below the

equator.

FIG. 12. Diagram of the rubber tube-to-sphere pressure at different levels of a sphere when increasing pres
sure was applied above the sphere. + IV2 — IV2 cm above the equator. — 1 = 1 cm below the equator. The 
curve (+ 2) is achieved when the tokograph was applied 2 cm above the equator but with its sensitive part,

the cylinder, towards the sphere.
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The force that hampers the passage of the 
sphere is friction.
According to Coulomb:

F = f • N (5)

where f is the coefficient of friction between 
two bodies and N is the force which presses 
these two bodies together.

In the rubber tube the force N can be 
expressed:

N = 2 ai • pi + a2 • P2 + . . + an • Pn (9]

where ai; a2; . . an are the small areas of the 
sphere upon which the tube presses with a 
pressure of pi; p?;. . pn.

The equation (5] can be written:

F = f • 2 ai • pi + a2 • p2 + . . + an • Pn [10]

From equation [10] it can be seen that 
when the area of contact between the sphere 
and the rubber tube is reduced by a rise in 
pressure above the sphere the friction is 
smaller than when the area of contact is in
creased by traction below the sphere.

The size of this difference in friction (F} 
depends on the factor (f}, the coefficient of 
friction. In the rubber tube where f ~ 0.4 
the difference was 8 kp — 2 kp = 6 kp. That 
is when the pressure rose above the sphere 
the friction was only 25 % of the friction 
found when traction was applied below the 
sphere.

CLINICAL ASPECTS 
Obstetrical

It is well known that vacuum extraction 
produces little dilatation of the cervical canal 
when traction is applied between the contrac
tions in comparision with traction applied 
during contractions (Malmström, 1957; Lind
gren, 1961}. This phenomenon may depend 
on the addition of the driving force of the 
contraction but an increase in the traction to 
a corresponding degree does not have the 
same effect.

From intrauterine tokographies, during 
labour (Fig. 14} it was found that at maxi
mum contraction the uterine wall lost its 
contact with the foetal head above the largest 
circumference, which reduced the friction 
between the foetal head and the cervical 
canal (cf. Equation 10}. It can be assumed 
that downwards traction of the foetal head 
is accompanied by a rise in the friction 
above the largest circumference (cf. Fig. 11}, 
an effect which is reduced by contraction.

Thus, when different forces are applied to 
the head, a difference in friction is found 
also between the foetal head and the cervical 
canal where the coefficient of friction (f} 
is only 0.20 (Holmlund & Lindgren, 1968}.

Ureteral stones

The coefficient of friction between the 
ureteral wall and an oxalate stone is about 
0.5 (cf. Chapter IV}. It is proposed that 
with such a high coefficient of friction (f} 
the friction (F} at traction is very high (cf. 
Equation 10} and the force required to 
extract the stone is sometimes beyond the 
tenacity of the ureter (Sandberg, 1960; 
Boeminghaus, 1961; Ljunggren, 1963; Zoed- 
ler, 1963; Hart, 1967}.

That is violent traction must never be 
used at transuretral extraction of ureteral 
stones.

From a mechanical point of view it seems 
to be more suitable to wait for a distension 
of the ureter above as well as below the 
stone and thus a reduction in the friction.

A distension above a stone is found when 
the stone and the extractor intrument 
completely obstruct the urine flow for some 
time.

A distension of the whole ureter is found 
when a swelling of the ureteral ostium around 
the extractor instrument completely obstructs 
the urine flow at this level.

A distension of the whole ureter is also 
found after every manipulation of the ureteral 
ostium (Greene, 1954; cf. Chapter VIII}.
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When an extractor instrument is left in 
the ureter there is a continous reduction in 
the tension in the ureteral wall around it 
owing to the stress relaxation phenomenon 
(cf. Chapter III}. After some time the ex
tractor instrument and the stone are com
pletely free from the ureteral wall.

B. Distribution of the friction on the
circumference of a spherical body placed 
inside an elastic or visco-elastic tube, 
when different forces are applied 
to the body

MODEL STUDY

When traction is applied below the sphere, 
inside an elastic tube fixed at its upper end, 
the tube-to-sphere pressure (Pn] increases 
particularly above the equator of the sphere. 
That is the friction between the sphere and 
the tube wall is high at this part of the 
sphere. Below the equator the pressure Pn 
is little influenced by the traction.

A high pressure above the sphere has both 
a driving and a distending force.

The driving force has the same direction as 
traction from below and the strength de
pends on the pressure level and on the area 
of the inner cross-section of the rubber tube 
just above the sphere. An increase in the 
driving force causes a rise in the pressure Pn 
which is most pronounced above the equator 
(Fig. 12, initial pressure rise}.

The distending force reduces the area of 
contact between the tube and the sphere 
above the equator. That is the friction above 
the equator is reduced.

When the sphere loses its contact with the 
rubber tube at the upper hemisphere the 
pressure Pn below the equator rises (Fig. 12}. 
That is the friction at this level increases.

INTRAUTERINE TOKOGRAPHY 

During contraction there is a rise in the 
amniotic fluid pressure above the head of 
the foetus. This pressure rise may be com
pared with a pressure rise above the sphere 
in the model study.

Above the largest circumference of the 
foetal head a rise in the amniotic fluid pres
sure causes an initial steep rise in the cervix- 
to-head pressure (Figs. 13 & 14} but a further 
rise in the amniotic fluid pressure causes no 
rise in the cervix-to-head pressure. When the 
contraction reaches its maximum strength 
the tokograph registers the amniotic fluid 
pressure. That is at this time the cervical 
canal has no contact with the head of the 
foetus above the largest circumference.

Below the largest circumference the cervix- 
to-head pressure is only slightly affected by a 
small rise in the amniotic fluid pressure but 
at maximum contraction there is a steep rise 
in the cervix-to-head pressure. At this time 
most friction is found below the largest cir
cumference (Fig. 13}.

URETERAL STONES

It seems probable that a pressure rise above 
a spherical ureteral stone causes a rise in the 
ureteral wall-to-stone pressure which initially 
is most pronounced above the largest circum
ference of the stone (cf. above}. That is 
initially the friction between a ureteral stone 
and the ureteral mucosa, and thus the 
damage to the mucosa caused by the stone, 
is to be found above the largest circumference 
of the stone.

A continually high pressure above a stone, 
however, causes a continual distension of the 
ureteral wall (creep phenomenon, cf. Chapter 
III} and the damaged ureteral wall soon 
loses its contact with the upper hemisphere 
of the stone. At this time most friction is 
found below the largest circumference of 
the stone. How the distension of the ureteral 
wall at the level of a stone depends on the
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duration of a high pressure is analysed in 
Chapter VIII (cf. Fig. 23].

A pressure rise above a ureteral stone can 
depend on:

1] A peristaltic contraction.
2] Urine flow obstruction.

During a peristaltic contraction the pres
sure rise is rapid and the stress-strain rela
tion in the ureteral wall at the level of the 
stone is determined by a high modulus of 
elasticity (cf. Fig. 3]. A rapid pressure rise 
causes only a moderate distension of the 
ureter above the stone. That is during a 
peristaltic contraction it is proposed that the 
friction between a stone and the ureteral 
wall is rather high.

An obstruction of the urine flow causes 
a slow pressure rise above the stone and the 
stress-strain relationship in the ureteral wall 
at the level of the stone is determined by a 
low modulus of elasticity (cf. Fig. 3]. In this 
case the pressure above the stone is conti
nually high which causes a distension of the 
ureteral wall above the largest circumference 
of the stone and thus a reduction in the fric
tion (cf. Equation 10}.

SUMMARY

In an experimental study the radial tension 
in a rubber tube was measured at the level 
of a sphere inside the tube, when traction 
was applied below the sphere and when the 
pressure above the sphere was raised.

When traction was applied from below the 
tension increased steeply and lineally above 
the largest circumference of the sphere. Be

low this level the radial tension was only 
slightly affected.

A traction of 8 kp was required to move 
the sphere.

When the pressure above the sphere was 
raised the radial tension above the largest 
circumference rose initially but on a further 
rise in pressure the rubber tube lost its 
contact with this part of the sphere and the 
radial tension below the largest circumference 
increased.

A driving force of only 2 kp was required 
to move the sphere in this way.

The tension of the cervical canal during 
contraction was measured at different levels 
of the foetal head. A rise in the amniotic 
fluid pressure caused an initial rise in the 
cervix-to-head pressure above the largest cir
cumference. At maximum contraction, how
ever, this part of the foetal head lost its 
contact with the cervical canal and the cervix- 
to-head pressure increased below the largest 
circumference.

It is probable that the same physical laws 
are acting in a ureter with a stone. Conse
quently a rise in pressure above a stone 
causes initially a rise in the ureter-to-stone 
pressure above the largest circumference of a 
spherical stone. When the pressure above 
the stone is continually high the ureteral 
lumen is distended, the ureteral wall loses 
its contact with the stone above the largest 
circumference and the radial tension below 
this level increases.

Traction from below on a ureteral stone 
causes a rise in the radial tension above the 
largest circumference of the stone and a very 
high friction. Sometimes traction beyond the 
tenacity of the ureteral wall is required to 
extract the stone.
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CHAPTER VII

Ureteral reaction to concrements

An experimental study of rabbits
by

D. HOLMLUND & O. HASSLER

The ureteral reaction to a stone has been 
little studied (Kiil, 1964]. The literature 
seems to contain no histological study of 
human ureter with acute stone disease, pro
bably because this disease has practically no 
mortality and surgeons prefer not to take 
biopsies from the ureteral wall at uretero
lithotomies. In an earlier investigation (Holm- 
lund & Hassler, 1965] a method of studying 
the ureteral reaction to artificial concrements 
in rabbits has been described but that method 
had some disadvantages. The most important 
being that it allowed no urine flow. Our new 
method allows us to study the ureteral reac
tion to a stone passing through a more nor
mally working urinary tract.

MATERIAL AND METHODS

All experiments were made on rabbits 
weighing 1.600 g—3.500 g. Altogether 176 
rabbits were used.

Instruments used for the investigation 
The concrements were turned from ”Auto
mat Aluminium” (alloy no. 6249], manu
factured by Svenska Metallverken, Västerås, 
Sweden. This alloy has a specific gravity of 
2.80 and contains Cu 4.3 %, Mg 0.9 %, Pb 
1.1 %, Mn 0.7 %, and Al ad 100 %. The 
concrements varied in shape.

The spherical concrements (Fig. 15 C] 
consisted of a spherical part and a peg, formed 
like the frustrum of the cone, which was used 
to fix the concrement to the introducer (see 
below]. The diameters of these concrements 
varied from 1.3 mm to 2.3 mm. (The outer 
diameter of an undistended rabbit ureter is 
1.3—1.7 mm.] The surface of the con
crements was roughened with a file.

The sharp concrements were made of the 
same material and the peg had the same 
form but sharp edges were made on the 
spherical part of the concrements (Fig. 15 D 
and E]. The diameters varied from 1.4—2.1 
mm.

The inserting instrument was made from a 
polyethylene catheter with an outer diameter 
of 1.4 mm. The peg of the concrements was 
adapted to the lumen of this catheter. A 
piano string (Fig. 15 A] which was 2 mm 
longer than the catheter and well adapted 
to the lumen of the catheter was used to 
free the concrements.

Method of placing the concrements 
in the renal pelvis

Anesthesia was induced by the intravenous 
injection of 30 mg MebumalR (ACO, Stock
holm, Sweden] per kg body weight. Ventral 
midline incision, reaching 5 cm cranially and 
5 cm caudally to umbilicus was performed. 
The left kidney was turned up over the edge
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FIG. 15. Instrument 
used for inserting 
the concrement.
A. The instrument 
ready for use. The 
concrement is to the 
right. The handle 
of the piano string 
used to loosen the 
concrement to the 
left. B. The insert
ing instrument with 
the concrement off. 
C—E. Close-up 
views of the rounded 
concrement [C] and 
the sharp concre
ment (D & E).

FIG. 16. Schematic description of the operation. 
Stage I (left figure): the kidney has been perforated 
by the inserting instrument and the concrement is in 
the renal pelvis. Stage II (the right figure): the in
strument has been removed and the concrement is left 

in the renal pelvis.

of the incision. Then the inserting instrument, 
complete with concrement, was inserted from 
the convexity of the kidney through the 
parenchyma and into the pelvis (Fig. 16]. 
Here the concrement was released by means 
of the piano string and the instrument was 
extracted. When the kidney was replaced 
in the abdominal cavity there was a small 
movement of the renal fascia which dislocated 
the aperture of the fascia 1—2 mm from 
that of the renal parenchyma. In that way 
there was very little leakage of blood and 
urine from the damaged kidney. The abdomi
nal wall was closed by silk sutures.
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The function of the kidney and the passage 
of the concrement were followed by repeated 
excretory urographies and plain roentgeno
grams which were made on rabbits under 
narcosis. The source of radiation was a Schö
nander Rus —9, No 23. The radiation was 
generated at 54 kV and 10 mA over 
0.11—0.15 seconds. The film-focus distance 
was 100 cm and the film CE A Universal 
Standard 32324.

Test group I.
Ureteral reaction to concrements arrested 

in the ureter for less than 4 hours
Concrements were inserted into the renal 
pelvis of 15 rabbits according to the method 
described above. Spherical concrements with 
a diameter of 1.3 mm were used in 11 rabbits 
and spherical concrements with a diameter 
of 1.5 mm were used in 4 rabbits. A plain 
roentgenogram 2—4 hours after the insertion 
showed that the concrements had left the 
renal pelvis and were lodged in the middle 
part of the ureter.

Relaparotomy was undertaken. One liga
ture was placed around the ureter just below 
the kidney and another 3 cm distally to the 
concrement level. The ureter was prepared, 
pinned to a cork slab and excised. After it 
had been fixed in 10 % formalin, the ureter 
was cut on the concrement side of the liga
tures and the fluid content was dried with 
filter paper.

Using air as contrast medium the ureteral 
lumen became visible with contact micro
radiography. Radiation from Philips fine focus 
tube 25633/62 was used. The radiation was 
generated at 18 kV and 35 mA. The film 
focus distance was 44 cm. The ureters were 
stored in thin polythene bags during the 
examination which lasted 30 minutes. Kodak 
High Resolution Plates were used as photo
graphic emulsion. A second microradiogram 
was made after removing the concrement

from the ureter. Finally the ureters were 
embedded in paraffin and longitudinal sec
tions were cut and stained according to van 
Gieson’s method.

Test group II.
Ureteral reaction to a concrement arrested 

in the ureter for 24 hours
Concrements were inserted into the renal pel
vis in 56 rabbits according to the same 
method as in test group I.

Twenty concrements were spherical and 
smaller than 2.0 mm in diameter.

Twenty-three concrements were spherical 
and 2.0—2.3 mm in diameter.

Ten concrements were sharp and smaller 
than 2.0 mm in diameter.

Three concrements were sharp and 2.0—2.3 
mm in diameter.

The position of the concrements was 
checked by daily repeated plain roentgeno
grams and i.v. urographies, until the con
crements had passed into the ureter. Twenty- 
four hours later an i. v. urography was done 
to control the position of the concrements. 
In most rabbits [51] the concrements had 
passed through the whole ureter by this time 
and were found in the bladder or in the box 
below the rabbits. In five rabbits, however, 
the concrements were lodged in roughly the 
same place in the ureter for 24 hours or 
more.

The diameter of these concrements was 
2.3 mm spherical [two rabbits], 2.1 mm 
spherical [two rabbits] and 1.4 mm sharp 
[one rabbit].

The ureters from these five rabbits were 
handled in the same way as those in test 
group I.
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Test group III.
Reaction of the ureter and ureteral ostium 

to the passage of concrements
Concrements were placed in the renal pelvis 
of 50 rabbits.

Twelve concrements were spherical and 1.3— 
1.9 mm in diameter.

Thirteen concrements were sharp and 1.3— 
1.9 mm in diameter.

Twenty concrements were spherical and 2.0 
—2.3 mm in diameter.

Five concrements were sharp and 2.0—2.3 
mm in diameter.

The position of the concrement was fol
lowed by excretory urographies every mor
ning.

The day of passage was noted. The ureter 
and bladder were then removed at intervals 
varying from 4 hours to 6 days after the 
passage of the concrement. Before removing 
the bladder-ureter preparation, ligatures were 
placed around both ureters 4—5 cm above 
the ostium and one ligature around the 
urethra. By careful dissection the preparation 
was excised. The bladder was opened by an 
incision of the ventral wall, and the whole 
preparation was pinned to a cork slab. Visible 
dilatation of the ureter, haemorrhages and 
swelling of the ureteral ostium were noted 
macroscopically. The specimen was then fixed 
in 10 % formalin and embedded in paraffin. 
Ten sections were cut at right angles to the 
bladder at the plane of the ureteral ostia and 
stained according to van Gieson's method.

Control group I. Ureteral pressure 
In three rabbits concrements measuring 1.5 
mm [spherical] were placed in the renal pel
vis as described in the other groups. The 
passage of the concrement was followed in 
plain roentgenograms and when the con
crement was lodged in the middle of the 
ureter relaparotomy was performed. A poly
ethylene catheter was inserted upwards into

the ureter just above the concrement and 
the pressure was recorded by fluid trans
mission through the catheter. The pressure 
was measured by means of an electromano
meter with a pressure transducer [Model 
EMT 472. Elema-Schönander, Stockholm, 
Sweden] connected to an ink-writing Mingo- 
graph 42 B [Elema-Schönander]. The pres
sure inside the opposite ureter was measured 
through another polyethylene catheter in
serted at a corresponding level. The re
cordings were made simultaneously on both 
sides.

Control group II. Leakage control 
By excretory urograms the leakage of the 
contrast medium outside the urinary tract 
was checked. Sixty urograms in 34 arbi
trarily selected rabbits were exposed at inter
vals varying from 1—24 hours after the in
sertion of the concrements in the renal pelvis. 
Twenty-nine urograms were exposed 1—4 
hours after insertion of the concrements. 
UrografinR 45 % [Schering, Berlin, Ger
many] 5—7 ml i.v. was used as the contrast 
medium.

RESULTS 

Test group I.

Concrements arrested in the ureter 
for less than 4 hours

MACROSCOPICAL CHANGES 

The ureters were distended above the con
crements. As a rule there was blood in the 
lumen of the ureter above the concrements 
but not below. There was no visible inflam
matory reaction outside the ureter at the 
concrement level. No spastic contraction was 
seen in the ureteral wall at the level of the 
concrement or below it. Sometimes peristaltic 
waves passing the concrement were observed.
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FIG. 17. Microradiogram 
of a rabbit ureter in which 
the concrement was 
arrested for less than 4 
hours. Distal ureter to the 
right. No mucosal-sub
mucosal bar can be found 
ahead of (— distally to) 
the concrement. The urete
ral wall at the level of 
the concrement is atten
uated. X 30. Below, histo
logical section from the 
ureteral wall ahead of the 
concrement, showing a 
normal picture except for 
a slight attenuation of the 
concrement side (to the 
left). X 190, van Gieson’s 
stain.

MICRORADIOGRAPHICAL CHANGES 

The microradiograms of these ureters illus
trated the ureteral distension above the con
crements. The ureteral wall was very thin at 
the level of the largest diameter of the con
crement and proximally. Below the con
crement the ureteral wall had about the same 
thickness as the opposite ureter. The outline 
of the ureteral lumen immediately ahead of 
the concrement was formed by the surface 
of the concrement and by the fluid content 
of the lumen. [Fig. 17 A]. No deformation 
of the ureteral wall was seen ahead of the 
concrements in this test group.

HISTOLOGICAL CHANGES 

The microscopical examination showed a thin 
wall proximal to the concrement and at the 
level of it. The mucous layer was often de
fective, but it was not possible to decide if 
these changes were caused by the concre
ments during life. No inflammatory reaction 
was seen above, at the level of or below the 
concrements (Fig. 17 B]. The ureteral wall 
ahead of the concrements had the same ap- 
pearence as that of the opposite ureter.



40

FIG. 18. Microradiogram of a rabbit ureter in which a concrement was arrested for 24 hours. Distal ureter to 
the left. Multiple mucosal-submucosal bars occur. The largest of which is found typically just ahead of the 
concrement (large arrow). Above the concrement another somewhat flattened bar is found (small arrow). X 11.

Test group II.

Ureteral reaction to a concrement arrested 
in the ureter for 24 hours

MACROSCOPICAL CHANGES 

There was a marked distension of the ureter 
above the concrement. The external surface 
of the ureteral wall showed a slight inflam
matory reaction with widened vessels. No 
peristaltic activity was observed.

MICRORADIOGRAPHICAL CHANGES

The microradiograms showed distension of 
the upper part of the ureter. Just below the 
concrement the lumen was narrowed by an 
irregular ureteral wall. Further distally the 
ureteral lumen was somewhat wider.

The ureteral wall showed some irregulari
ties which may be described as bars. The 
changes were most marked just ahead of the 
concrements, but proximal to the concre
ments there were some bars too, probably 
indicating earlier arresting places of the con
crements. These bars were lower and seemed

to have been flattened (Fig. 18}. The ureteral 
wall seemed to be thicker than usual proxi- 
mally as well as distally to the concrement 
and the outlines were soft. Even from the 
microradiograms an inflammatory reaction 
with oedema in the wall could be suspected.

HISTOLOGICAL CHANGES 

The microscopical examination of the ureters 
showed that the bars visible in the micro
radiograms were made up of the mucosal 
and submucosal layers, which were folded 
ahead of the concrements (Fig. 19 A}. The 
muscle layer and the adventitial layer played 
no part in the formation of the bar. There 
was an intense inflammatory reaction with 
oedema, wide vessels, minute haemorrhages 
and granulocytes especially in the sub
mucosal layer. An inflammatory reaction, 
most marked in the submucosal layer, was 
also observed above and at the level of the 
concrement. Defects in the mucosal layer 
were seen in different parts of the ureter 
above and at the level of the concrement 
(Figs. 19 A—C}.
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FIG. 19. A. Histological section through the ureteral wall ahead of the concrement. The concrement was lodged 
to the left, A bar was formed by a folding of the mucosal and the submucosal layer (arrow). X 29. B. Detail 
enlargement of the bar, showing oedema, leucocyte invasion, widened small vessels and minute haemorrhages

in the submucosa. X 250.
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FIG. 19. C. Detail enlargement of the bar indicated by a small arrow in Fig. 18. The histological 
changes are similar to those in Fig. 19 B. X 130.

Test group III.

Reaction of the ureter and ureteral ostium 
to the passage of concrements

The distribution of the changes in the most 
distal part of the ureter after the passage of 
concrements of different size and form is 
given in Table IV.

MACROSCOPICAL CHANGES 

One day after the passage of concrements 
measuring 1.3—1.9 mm in diameter a disten
sion of the ureter was seen in 10 out of 16 
rabbits. The same phenomenon was noted in 
6 out of 6 rabbits one day after the passage 
of concrements measuring 2.0—2.3 mm. Di

stension was registered when the ureter was 
at least 50 % wider than the opposite one at 
the same level and continually filled with 
urine.

Two days after the passage of concrements 
measuring 2.0—2.3 mm a distension was seen 
in 6 out of 6 rabbits, but no distension was 
seen in 4 out of 4 rabbits after the passage of 
concrements measuring 1.3—1.9 mm.

HISTOLOGICAL CHANGES 

The histological examination showed that the 
distension of the ureter started proximally to 
the bladder wall and not in the intramural 
part of the ureter. The microscopical changes
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TABLE IV

Distribution of ureteral distension and histological changes of the distal ureter after the passage
of artificai concrements (50 rabbits).

Time after the passage of the concrements

< 24 hours 24—48 hours 72—96 hours > 6 days

Spherical D/B; D/O; D/O; O/O; O/O O/O

Concrements 
1.3—1.9 mm

D/O; D/O; D/O; 
D/O; O/O; O/O

Sharp D/B; D/O; D/O; O/O; O/O O/O; O/O; O/O;
D/O; O/O; O/O; 
O/O

O/O

Spherical D/B; D/B; D/B; D/B; D/B; D/B; D/B; O/O; O/O; O/O; O/O; O/O;
Concrements D/B; D/Oe D/B; D/Oe; D/O O/O; O/O O/O
2.0—2.3 mm

Sharp D/O D/B; O/O O/O; O/O

Every fraction (D/B] stands for one rabbit.

D = Distension, when the ureter after the passage of a concrement was 50 % wider than the opposite one 
at the same level and continually filled with urine.

B = Bleeding, when the histological changes of the distal ureter included inflammatory changes with 
oedema and inflammatory cells and a haemorrhage.

Oe = Oedema, when the changes were similar to those in group B but without any haemorrhages.

O = No distension or histological changes.

of the wall were most marked in the intra
mural part of the ureter. Extensive haemorr
hages, oedema, and infiltration of granulo
cytes were seen particularly in the submuco
sal layer (Fig. 20 D]. These changes were 
in some places connected with visible de
fects in the mucosal layer, but were also 
seen below an intact mucosal layer. Some
times the bleedings and inflammatory reac
tion were spread throughout the whole ure
teral wall.

One day after the passage of concrements 
measuring 1.3—1.9 mm haemorrhages in the

ureteral wall were seen in 2 out of 16 rab
bits.

One day after the passage of concrements 
measuring 2.0—2.3 mm haemorrhages were 
seen in 5 out of 6 rabbits.

Two days after the passage of concrements 
measuring 2.0—2.3 mm haemorrhages were 
seen in 4 out of 6 rabbits.

Six days after the passage of concrements 
of different size (cf. Table IV] no macro- 
scopical or histological changes were found 
in 7 out of 7 rabbits.

Sharp concrements did not cause more dam
age to the ureteral wall than spherical ones.
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FIG. 20. Intramural part of rabbit ureters from: A. The control side with normal appear
ance. The concentric arrangement of tunica propria should be observed. B. The test side 24 
hours after the passage of a concrement. X 22. C and D. Higher magnification of A and B, 
respectively. In D marked oedema, leucocyte infiltration and extensive haemorrhages occur 

particularly in the submucosa. X 175. van Giesons stain.

Control group I.

Ureteral pressure recording

After a complete obstruction for 2—3 hours 
the pressure level in the three concrement- 
lodging ureters was 8, 9, and 9 mm Hg,

respectively. In the same time the pressure 
level in the three opposite ureters was 6, 7, 
and 9 mm Hg, respectively. Thus, the pres
sure produced by the untouched kidneys was 
about the same as that produced by those 
perforated by the introducer.
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Control group II. Leakage control DISCUSSION

Leakage was noted in 4 out of 60 excretory 
urograms. All were seen within 4 hours of 
the insertion of the concrements. One of 
these concrements had been placed outside 
the renal pelvis in the perirenal fat. Two 
were placed in the upper part of the ureter 
and one in the renal pelvis. The leakage was 
noted from the hilus of the kidney in three 
cases [Fig. 21}. In one case there was a 
leakage at the level of the concrement in the 
upper part of the ureter. In urographies 24 
hours after the insertion of the concrements 
no leakage of urographie contrast medium 
was seen in the four rabbits mentioned above. 
The three concrements placed inside the 
urinary tract passed the ureter in spite of 
the leakage of urine during the first hours 
after the concrements were inserted.

No leakage at the convexity of the kidney 
was noted in the urograms. At relaparotomies 
undertaken in test groups I—III no leakage 
of urine into the peritoneal cavity was 
noticed; but small clots of blood outside the 
kidney were seen and some fibrinous threads 
in the surroundings of the kidney. Sometimes 
fatty necrosis occurred.

Material and methods

In experimental animals stones in the urinary 
tract can be brought about in different ways. 
For instance; by a diet deficient in Vitamin A 
[Hedenberg; 1954}; by stenosis of the ureter 
and coli-infection [Prat; Benesowa & Cer- 
vinka; 1961}; by repeated breeding in rats 
[Wexler; 1963}.

There are some disadvantages connected 
with these methods:

1. Stones obtained in these or other ways 
are very seldom lodged in the ureter.

2. It is difficult to know exactly when a 
concrement starts its passage through the 
ureter and when it is arrested.

3. Vitamin deficiency or coli-infection may 
produce histological changes in the ure
teral wall and it is difficult to separate 
these changes from changes produced by 
the stone.

FIG. 21. To the left 
urogram demon
strating leakage of 
contrast medium at 
the lower pole of 
the kidney (+-) 4 
hours after the in
sertion of a concre
ment. To the right, 
urogram exposed 
24 hours later show
ing no leakage of 
contrast medium. 
The concrement is 
indicated with
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One way to get standardized conditions is 
to place artificial concrements in the urinary 
tract. Aluminium was used in our con
crements for various reasons:

1. It has a specific gravity [2.80] close to 
that of stones produced by nature.

2. It does not change in urine.
3. It has a coefficient of absorption for 

roentgen rays which allows us to follow 
the passage of the concrements on plain 
roentgenograms.

By using artificial concrements the size, 
surface and form of the concrements could 
be varied.

Our present method of placing concrements 
in the urinary tract seems to allow ordinary 
functioning of the kidney, as appears from 
the results in control group I. In control group 
II it was shown that there was no leak of 
urine from the convexity of the kidney. This 
is quite contrary to our own experiences in 
a study in 1965. At this time, however, the 
kidney was so carefully prepared that there 
was probably damage to the renal fascia be
fore inserting the concrement. We now be
lieve that it is important to save the renal 
fascia because it resists the expansion of the 
kidney at stasis and thus compresses the in
serting canal. This expansion can be rather 
extensive (Fig. 22].

FIG. 22. The expansion of the kidney from the urine 
stasis caused by a concrement was often marked and 
the inserting canal hard to find. The right kidney in 
the figure was found when a concrement was lodged 
in the ureter for 3 days. For comparison, the opposite 
normal kidney of the same rabbit is given to the left.

Sivula & Lehtonen (1966 & 1967] reported 
a similar method of studying the spontaneous 
passage of artificai concrements. They used 
concrements made of amalgam and used small 
nephrotomies to place the concrements in 
the renal pelvis of rabbits.

Results
THE BAR AHEAD OF THE CONCREMENT 

The mechanism of the formation of a bar 
ahead of a ureteral concrement has been 
discussed previously (cf. Chapters II & IV]. 
The bar is probably formed so that the inner 
part of the ureteral wall, the mucosa and the 
tunica propria together with the concrement, 
are pressed downwards relative to the outer 
part of the ureteral wall, the muscle coat 
and the outer fibrous coat. The bar therefore 
consists of the mucosa and submucosa and 
is situated just in front of the concrement.

The force produced by the pressure be
hind an obstructing concrement, the time 
this force is working and the friction between 
the concrement and the mucosa are factors 
which create and maintain the bar.

Every concrement which causes an ob
struction of the urine flow probably causes 
a deformation of the ureteral mucosa ahead 
of the concrement (cf. Chapter IV]. We 
were not able to show any deformation in 
ureters where the concrements had passed 
or were arrested in one place for only a 
short period (Test group I]. The deforma
tion was probably small and it was not re
tained on preparation and fixing of the ureter.

In test group II, where the concrement 
had been lodged in the same place in the 
ureter for more than 24 hours, the deforma
tion was pronounced. A deformation prod
uced over 24 hours does not disappear on 
preparation and fixing of the ureter because 
of the plastic properties of the ureter (cf. 
Chapter III]. Within this time inflammatory 
changes appear which also preserve the de
formation i.e. the bar. The most marked in
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flammatory changes were found in the sub
mucosal layer but inflammatory reaction was 
also found in the muscle coat, which did not 
take any part in the formation of the bar.

It is apparent that an inflammatorily 
changed bar in the lumen of the ureter will 
hamper the passage of a concrement by nar
rowing the lumen and by reducing the 
distensibility of the ureteral wall.

DAMAGE TO THE URETERAL WALL 
CAUSED BY CONCREMENTS OF DIFFERENT 
SIZE AND SHAPE

Damage to the ureteral wall caused by a 
concrement, probably depends on a me
chanical traumaticizing of the inner surface of 
the ureter. Some factors, infection, A-avita- 
minosis etc. may influence the resistance of 
the mucosa to such a trauma [Hedenberg].

The active mechanical factors are:

1. The driving force.
2. The hampering force.

The driving force is the hydrostatic pres
sure behind an obstructing concrement and 
the peristaltic activity of the ureter.

The hampering force is the friction bet
ween the concrement and the ureteral 
mucosa, which can be expressed by this 
equation:

F = f • N [5)

where f is the coefficient of friction between 
the concrement and the ureteral wall and N 
the force keeping the concrement and the 
ureteral mucosa together.

The force [N] depends on:

1. The wall thickness.
2. The relationship between the width of 

the ureteral lumen and the diameter of 
the concrement.

3. The distensibility of the ureteral wall.
4. The driving force (cf. Chapter VI].

The ureteral wall is thickest and the lumen 
of the ureter is narrowest at the intramural 
part of the ureter. No longitudinal folds of 
the mucosa are found in this part of the 
ureter which reduces the distensibility of 
the ureter at this level [cf. Chapter II]. 
Therefore most damage is found in this part 
of the ureter after the passage of a con
crement. The coefficient of friction of an 
irregular concrement is higher than that of a 
regular one. From that one could assume 
that such concrements cause more damage 
in the ureter than regular ones. We could 
not demonstrate this. Neither could Sande- 
gård [1956] show that regular human ureteral 
stones passed more easily than irregular ones 
of similar diameter. An irregular concrement 
cannot completely obstruct the urine flow 
through the ureter [Held &: Deiml, 1963; 
cf. Chapter V]. That is there is little or no 
pressure rise above such a concrement. Under 
such conditions the driving force and thus 
the traumaticizing of the ureteral wall is 
small. It must be noted, however, that urine 
flow passing by an irregular concrement is 
low and that an increase of the urine secre
tion by an increased fluid intake can cause a 
rise in the pressure above the concrement 
and thus a rise in the driving force i. e. the 
patient gets ureteric colic [Sesia and Cas
sario, 1966]. In this way an increased fluid 
intake can cause damage to the ureter.

Small particles in the urine [blood clots, 
detritus] can be lodged in irregularities of 
the concrement and cause a complete ob
struction, a rise in pressure behind the con
crement and an increase in the driving force. 
At the same time, however, these particles 
change the surface of the concrement which 
becomes smoother.

From this discussion one may conclude 
that the damage to the ureter is correlated to 
a rise in pressure behind the concrement and 
thus to the patient's ureteric colic [Risholm, 
1954]. When urine flow is re-established the 
ureteric colic ceases. At this time the stone
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causes no more damage to the ureteral wall 
(Holmlund & Hassler, 1965], but the stone 
cannot pass because of the bar, created during 
the pain period. Now the passage of the 
concrement seems to depend on the reduc
tion of the bar, which requires a continually 
low pressure above the stone and a healing 
of the inflammatory changes in the bar.

The results in test group III show that the 
haemorrhages and the inflammatory reaction 
of the intramural part of the ureter are most 
pronounced the first two days after the pas
sage of the concrement but disappear spon
taneously within six days. A concrement in 
the ureter is probably complicating the heal
ing of the inflammatory changes in the ureter. 
Repeated pain periods i. e. obstructions of 
the urine flow, are particularly unfavourable 
to healing [cf. above].

There are still authors who think that 
treatment is successful if their patients get 
ureteric colic (Kirsch, Ardenne & Reitnauer, 
1965, after shaking their patients in a ”Stein- 
schüttelstuhl” or Sesia & Cassario, 1966, 
after increasing the fluid intake].

From our point of view the aim of the 
treatment of the patient with a ureteral stone 
is to avoid any disturbance of the healing of 
the damage to the ureteral wall, caused by 
the stone. When the patient gets ureteric 
colic, i.e. high pressure above the stone, the 
treatment has been unsuccessful.

SUMMARY

Artificial concrements of varying size and 
shape were placed in the urinary tract of 
rabbits without disturbing the renal or 
ureteral functions. It was shown that:

1. Concrements arrested in the same place 
in the ureter for less than 4 hours caused 
no demonstrable changes in the ureteral 
wall.

2. Ahead of concrements arrested in the 
same place in the ureter for more than 
24 hours a deformation of the mucosal 
and submucosal layer was observed. The 
mechanism of the formation of this de
formation, or bar, is discussed.

3. The passage of artificial concrements 
caused changes in the intramural part of 
the ureter which were most pronounced 
during the first two days after the pas
sage of the concrements. After six days 
no changes were found. Large con
crements caused more damage to the 
ureteral wall than small ones but it was 
not shown that sharp concrements caused 
more damage than round ones.
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CHAPTER VIII

Pressure applied above spherical, 
artificial concrements in rabbits

In the treatment of patients with ureteral 
stones forced fluid intake and diuretic drugs 
have been used (Swift, 1929; Boeminghaus, 
1961; Christiansen, 1962; Beard, 1965; Sesia 
& Cassario, 1966; Clausen, 1967).

It was shown that high fluid intake and 
osmotic diuretics produced a marked rise in 
the pressure in the obstructed urinary tract 
CKiil, 1961; Taylor & Ullman, 1961).

A rise in the pressure behind an obstruct
ing ureteral stone increases both the driving 
force and the friction between the ureteral 
wall and the stone [cf. Chapter VI).

The aim of the present investigation is to 
study the manner in which high pressure 
above an artificial ureteral concrement in
fluences its passage through the ureter.

METHOD

I. Concrements spontaneously passed from 
renal pelvis to the ureter 

Artificial, spherical concrements measuring 
1.3—1.5 mm in diameter were inserted in 
the renal pelvis of rabbits according to the 
method described at length in Chapter VII. 
The passage of these concrements was fol
lowed by using plain roentgenograms. When 
the concrement was lodged in the middle of 
the ureter a catheter of polyethylene with 
an outer diameter of 1.4 mm was inserted 
through the kidney into the upper part of 
the ureter. By means of an adapter and a 
three-way cock the catheter was connected 
to a pressure transducer, Elema-Schönander,

type No 472 a. A Mingograph, Elema-Schö
nander, was used for registering. The pres
sure recording system described above was 
connected via the three-way cock to the 
pressure applying system. When a low pres
sure was to be applied for a long time a 
bottle containing fluid was connected to the 
cock and the pressure was raised by an 
elevation of the bottle. When high pressure 
was to be applied a syringe was connected 
to the three-way cock and the pressure was 
varied manually. The fluid in the catheter and 
in the pressure recording and pressure apply
ing system was:

Isotonic Na Cl 1.000 cc
Heparine 25.000 IU
Indian Ink 2 cc

Heparine was used to avoid clotting in 
the catheter and in the ureter. Indian ink 
was used to make the fluid visible through 
the ureteral wall.

In some rabbits the ureter was cut 1 cm 
ahead of the concrement in the ureter and a 
pressure of 50 mm Hg was applied above 
the concrement for 0.5—24 hours. In these 
rabbits the catheter of polyethylene was pul
led out through the abdominal wall which 
was then closed. The rabbits in this group 
were continually under narcosis from UretanR 
administered subcutaneously.

II. Concrements placed directly into the 
middle of the ureter

Artificial, spherical concrements measuring 
1.3—1.5 mm in diameter were inserted di
rectly into the ureter via a ureterotomy using
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a technique described in an earlier publica
tion (Hassler & Holmlund, 1965). A catheter 
of polyethylene was inserted into the ureteral 
lumen above the concrement and a ligature 
was placed around the catheter and ureter. 
The pressure applying and recording systems 
were the same as described above.

RESULT

General observations
WAYS OF MOVING OF THE CONCREMENTS
A. Slow moving (1—2 mm/sec.)

Sometimes the concrement moved slowly 
through the ureter with a fluid wedge ahead. 
This moving required a pressure of about 
100 mm Hg.

(Motion picture from rabbit 153).

B. Peristaltical moving (10—15 mm/sec.) 

Sometimes the concrement moved slowly as 
described above but suddenly it moved 
rapidly for some centimetres. This rapid mov
ing was suddenly interrupted and a peristaltic 
wave continued ahead of the concrement, 
draining the urine from the ureter below the 
concrement.

(Motion picture from rabbit 131).

SPASM

No spasm was seen at the level of the con
crements.

Special studies
A. PRESSURE < 100 mm Hg 

In 8 ureters the concrement was moving with 
a moderate pressure above it (less than 100 
mm Hg.).

In 7 of these ureters fluid was observed 
ahead of the concrement during the move
ment. There was, however, a sudden arrest 
of the concrement when the ureter below it 
was drained by a peristaltic wave.

In 6 of these ureters a further rise in the 
pressure to more than 300 mm Hg was 
applied. No concrement passed but the 
ureters ruptured just above the concrements.

B. PRESSURE ^ 300 mm Hg

In 13 ureters the pressure above the con
crement was raised manually to 300 mm Hg. 
At this pressure the ureters ruptured just 
above the concrement without any movement 
of the concrement through the ureter.

No fluid was seen ahead of the concrement 
in 11 out of these 13 ureters.

C. SPONTANEOUS PASSAGE AFTER REMOVAL 
OF HIGH PRESSURE

In three ureters where the concrement did 
not move at a pressure of 200 mm Hg applied 
for 10 minutes, the catheter was withdrawn 
and the abdominal wall closed. Within 4 
hours the concrements had moved down
wards about 4 cm.

D. LIGATURES ON RENAL ARTERY 
AND VEIN

In three ureters where the concrement did 
not move at a pressure of 200 mm Hg applied 
for 10 minutes, the catheter was withdrawn 
and ligatures were placed around the renal 
artery and vein. Within 1—4 days the con
crements passed through the whole ureter.

E. CUT URETER

No concrement passed when the ureter was 
cut 1 cm ahead of the concrement and a 
continual pressure of 50 mm Hg was applied 
above the concrement for 0.5—24 hours.

When the ureter was cut all the urine 
ahead of the concrement ran away and the 
ureteral lumen was narrowed.

After 0.5 hours the ureter was only a little 
distended above the concrement and the 
ureteral wall was in contact with the con-
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FIG. 23. Microradiograms from rabbit ureters. The ureters were cut 1 cm ahead of the concrement 
and a pressure of 50 mm Hg was applied above the concrement for 30 minutes [A] and for 10

hours [B].

crement even above the largest circumference 
of the concrement [Fig. 23 A}.

After 10—24 hours the ureter was very 
much distended and the ureteral wall had no 
contact with the concrement at or above the 
largest circumference [Fig. 23 B].

COMMENTS

The pressure above a ureteral 
concrement

In an earlier investigation in rabbits [Holm- 
lund & Hassler, 1965] it was found that 
artificai concrements could pass through the 
ureter in spite of two ligatures around the 
ureter above the level of the concrement.

Engberg & Palmlöv [1967] reported that 
after draining of the upper human ureter, 
stones lodged in the lower ureter could pass 
spontaneously.

In the present investigation it was shown 
that concrements which could not be forced 
downwards in the ureter by a very high 
pressure could pass spontaneously when liga
tures were placed on the renal artery and 
vein. Thus it can be stated that a high pres
sure above a ureteral stone is not essential 
for its passage through the ureter.

A high pressure above a concrement causes 
an increase in the friction between the stone 
and the ureteral mucosa which can cause 
damage to the ureteral wall [cf. Chapter 
VI & VII].
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The fluid content in the ureter ahead of 
a concrement

The present study showed that a concrement 
passed more easily if there was some fluid 
content in the ureter ahead of it than if this 
part of the ureter was emptied. A rise in 
pressure ahead of a ureteral stone is ac
companied by a filling of this part of the 
ureter.

In the model studies in Chapter V it was 
shown that a rise in pressure ahead of a 
spherical body inside an elastic tube reduced 
the friction between the tube and the sphere. 
It seems probable that the conditions are 
similar in a ureter with a stone inside it [cf. 
Chapter VI].

The observations in the present study can 
be compared with some clinical observations. 
Different methods of manipulation of the 
distal ureter have been used in the treatment 
of ureteral stone disease: Dourmaskin [1927] 
used dilatation of the distal ureter employing 
special dilatators of different sizes (Ch. 
6—20]; Dourmaskin [1945] and Palócz 
(1963] injected glycerine into the ureter; 
Macht [1917] injected Papaverine into the 
ureter; Zoedler (1963] injected Privin into 
the ureter; Young (1918] and Dourmaskin 
(1945] used high frequency current fulgura
tion of the ureteral ostium. Unsuccessful 
attempts at transuretral extraction of ureteral 
stones sometimes result in a spontaneous 
passage of the stones a few hours later (Boe- 
minghaus, 1961; Ljunggren, 1963].

All the manipulations described above re
quire a catheter inserted through the ureteral 
ostium. Every urologist has observed the 
bleeding from the ureteral ostium after 
cathetrisation of the ureter (Kiil] and the 
swelling and redness of the ureteral ostium 
shortly after a dilatation or cathetrisation of 
the ureter (Greene, 1944; Dourmaskin, 1945; 
Kiil, 1957]. This swelling causes an obstruc
tion of the urine flow, the pressure level in 
the ureter rises and the patient gets ureteric

colic (Greene, 1963]. Greene (1944] was 
able to show that a dilatation of the distal 
ureter of a dog to Ch 14 caused a distension 
of the whole ureter for two days and that 
repeated dilatation resulted in a definite 
hydronef rosis.

Thus, any manipulation of the patient’s 
ureteral ostium causes an obstruction of the 
urine flow, a pressure rise ahead of the stone 
with distension of the ureter. This distension 
reduces the friction between the stone and 
the ureteral wall which can allow passage of 
the stone (cf. Chapter V].

The muscle activity of a ureter 
with a concrement

Spasm, defined as an isolated, violent and 
steady contraction of a muscular wall, was 
never seen in the neighbourhood of the con
crements. Our observations, however, do not 
allow us to conclude that there is no such 
contraction in the ureter (cf. Kiil, 1957].

Ordinary peristaltic waves, however, pas
sed the concrement and evacuated the urine 
from the ureter ahead of the concrement. 
After such a contraction wave this part of 
the ureter was empty with a narrow lumen. 
This situation must not be regarded as a 
steady contraction, a spasm, of the smooth 
muscle for without any fluid content there 
is no distension of the ureter (vacuum 
principle]. Young’s constant for a smooth 
muscle is 200 times greater after a contrac
tion than before (Burton, 1954; cf. Chapter 
III]. A reduction in the distensibility (in
crease in Young’s constant] of the ureteral 
wall causes an increase in the friction bet
ween the ureteral mucosa and the concrement 
(cf. Chapter VII].

Besides the area of contact and thus the 
friction between the ureteral wall and the 
stone increases when the lumen of the ureter 
ahead of the stone is narrowed (cf. Chapter
V].
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A pool of urine can provoke an ordinary 
peristaltic wave, which empties the whole 
pool [Gould, 1955; Kiil, 1957]. Kiil thought 
that the distension of the ureter at the level 
of the pool provoked the contraction. Bäck
lund [1963] showed that an increased filling 
of the ureter, a distension, gives rise to an 
increased excitability of the smooth muscle 
of the ureter. It seems probable that a con
crement in the ureter, which distends the 
ureteral wall may also give rise to an in
creased excitability of the smooth muscle 
locally. This excitability increases the pe
ristaltic activity which evacuates the urine 
content ahead of the concrement. An empty 
ureter seems to almost completely hamper the 
passage of even small spherical ureteral con
crements.

Thus ordinary or perhaps increased peri
staltic activity of the ureter below the stone 
can explain why even small stones are ar
rested in the ureter.

It is not necessary to use spasm of the 
ureteral wall [which has not been con
clusively demonstrated] to explain the arrest 
of small ureteral stones in the ureter.

Muscular activity and inflammatory 
reaction

When a concrement causes an inflammatory 
reaction in the ureteral wall the muscle ac
tivity may be influenced in various ways. 
Wüllenweber [1937] distinguished two dif
ferent phases of acute cystophyelithis. The 
first phase was characterized by spastic con
tractions owing to an increased excitability 
and the second phase by an atonic dilatation 
owing to a disturbed function of the smooth 
muscle. Kiil [1957] noticed varying activity 
in the infected ureters. He usually found low 
activity, atonic phase, but he sometimes 
noticed an increased activity, spastic phase. 
Greene [1944] noted an atonic dilatation of 
ureters with inflammatory reaction in the 
wall.

Distally to ureteral stones Kiil [1957] 
sometimes noticed ordinary peristaltic ac
tivity but sometimes a very low activity. He 
thought that these differences depended on 
variations in the urine flow passing by the 
stone. He also discussed the possibility that 
the oedema found distally to a ureteral stone, 
impacted for some time, might contribute to 
a slow atonic dilatation of this part of the 
ureter. Tsuchida & Kimura [1966] found 
ordinary peristaltic activity ahead of ureteral 
stones. It seems possible that the initial in
flammatory reaction caused by a stone may 
contribute to an increased peristaltic activity 
of the ureter which evacuates the urine 
below the stone and thus hampers its pas
sage [cf. above]. Later on the inflammatory 
reaction may contribute to a slow distension 
of this part of the ureter preparing it for the 
passage of the stone.

Distension of the ureter at a continually 
high pressure level above a concrement

When a continual pressure of 50 mm Hg was 
applied above a ureteral concrement for 0.5 
hours the distension of the ureter was mo
derate. When the same pressure was applied 
for 24 hours the distension was immense. This 
difference depends on the creep phenomenon 
in an elastomeric tube [cf. Chapter III]. In 
such a tube the distension depends both on 
the strength of the stress [pressure] and on 
the time this stress is acting.

When a concrement is arrested in a ureter 
the driving force from a high pressure above 
the concrement is balanced by the hampering 
force, the friction between the concrement 
and the ureteral mucosa [cf. Chapter VI]. 
Owing to the continous distension of the 
ureter, the distribution of the friction area 
between the concrement and the ureteral 
mucosa is changing.

Initially the ureteral wall-to-concrement 
pressure is high above the largest circumfer-
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enee of the concrement (cf. Chapter VI]. 
When the distension is more pronounced this 
part of the ureter loses touch with the upper 
hemisphere of a spherical concrement [cf. 
Fig. 23 B). At this time all friction is found 
below the largest circumference of the con
crement. The damage to the mucosal layer 
caused by a concrement is to be found where 
the friction is greatest, initially above the 
largest circumference of the spherical con
crement, later on below this level.

SUMMARY

In an experimental study of rabbits artificial 
concrements measuring 1.3—1.5 mm in dia
meter were placed in the ureter. A pressure 
was applied above the concrement for varying 
periods. It was found that:

1. A very high pressure (300 mm Hg) above 
a concrement could not force it down
wards when the ureter ahead of the con
crement was empty.

2. A rather low pressure (less than 100 mm 
Hg) above the concrement could force it 
downwards when there was fluid in the 
ureter ahead of the concrement.

3. Peristaltic waves passed the concrement 
and evacuated the ureter ahead of it. 
This phenomenon may explain why even 
small concrements are arrested in the 
ureter.

4. Spasm was never observed at the level of 
the concrement.

5. A pressure of 50 mm Hg above a con
crement during 0.5 hours caused little 
distension of the ureter but the same 
pressure during 10—24 hours caused an 
immense distension. At this time the con
crement was not in contact with the ure
teral wall above the largest circumference.
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CHAPTER IX

Some clinical and roentgenological observations in patients 
with ureteral stones correlated to some 

experimental findings in rabbits

In experimental studies of the reaction of the 
rabbit ureter to artificial concrements it was 
found that these concrements caused some 
changes in the ureteral wall, which have not 
been described earlier (cf. Chapter VII). It 
is, of course, of particular interest to study 
the corresponding changes in the ureters of 
patients with a ureteral stone.

It is difficult and hazardous to take a repre
sentative biopsy from the ureter of a patient 
with acute ureteral stone disease. Late 
changes of the ureteral wall which appear 
when a stone has been lodged in the ureter 
for a long time seem to be easier to study 
(Swift, 1929).

A study of urograms from patients with a 
ureteral stone is an indirect way of studying 
the changes of the ureteral wall but on the 
other hand urograms can be exposed at every 
period of the ureteral stone disease and can 
be repeated without disturbing the normal 
process of the changes. The failure of the 
kidney to excrete the urographie medium, 
when there is a complete or almost complete 
obstruction of the urine flow, is a limiting 
factor in studying the initial changes in the 
wall (Emmett, 1964). Changes in the ureteral 
wall ahead of an obstructing stone are par
ticularly difficult to study by means of in
travenous urography. Retrograde pyelography 
can be used (Emmett, 1964), but a catheter 
in the ureteral ostium always disturbs the 
flow of urine and thus the mechanical condi
tions in the ureter are changed (cf. Chapters 
V & VIII).

In the present Chapter some findings from 
ureteral biopsy and roentgenological exami
nations of patients with a ureteral stone are 
reported. These findings are correlated to 
some clinical observations and to findings in 
experimental studies of rabbits.

BAR AHEAD OF A URETERAL 
STONE

In experimental studies of rabbits a bar was 
found ahead of artificial ureteral concrements 
(cf. Chapter VII). The mechanism of the 
formation of this bar is discussed at length 
in Chapters IV & VII.

The ureteral stone is pressed downwards 
by urine under high pressure. The mucosal 
layer is moving together with the stone re
latively to the muscle layer. The movement 
and the deformation take place in the loose 
submucosal layer (cf. Chapter II).

As the ureteral wall can be regarded as an 
elastomeric or plastic tube (cf. Chapter III) 
the deformation depends on the force and 
duration of the stress i. e. the high pressure 
above the stone. A plastic tube retains a de
formation to some degree (cf. Chapter III). 
In our studies of rabbits a deformation or bar 
was found ahead of concrements lodged in 
the same place in the ureter for more than 
24 hours. After this time the deformation was 
pronounced and was retained on preparation 
of the ureter. The inflammatory changes of 
the ureteral wall which occurred probably 
preserved the deformation.
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Some observations in patients with a ure- incision was made in the ureter 1.5 cm below 
teral stone seem to show that a bar ahead the level of the stone and from the ureteral 
of a ureteral stone also occurs in human lumen a villous tumourlike tissue prolapsed, 
ureters. Biopsy was made for histological examination

— see below. The incision was prolonged 
A. Biopsy cranially and the stone was found just above

Case report. C—E. J. aged 53. Salesman, the tumour. The rather long incision was 
Earlier Pott's disease and cyphoscoliosis. adapted with two 4/0 catgut in the outer 
Repeated periods of ureteric colic for six fibrous layer. The postoperative course was 
months before arrival in hospital. Intravenous uneventful and three weeks afterwards an in- 
urography showed late excretion of contrast travenous urography showed an ordinary ex
medium from the right kidney and a ureteral cretion of contrast medium from the right 
stone measuring 5X6 mm lodged at the level kidney and an ordinary width of the right 
of the right sacral wing. The right ureter was ureter without any stricture. Three months 
distended above the stone but no contrast later a retrograde pyelography was done. No 
medium was seen at or below the level of the tumour or deformation of the ureteral lumen 
stone. Ureterolithotomy was undertaken. An was seen.

FIG. 24. Biopsy from a ”bar” ahead of a stone in a human ureter. A stone measuring 5X6 mm had been 
lodged in the ureter for 5 months. A. Histological section showing a villous tissue. On the surface a thin 
layer of ordinary epithelium. X 8. B. Detail enlargement showing oedema, inflammatory cells, mostly mono- 

cystes and plasmocytes in the submucous layer. X 230. van Giesons stain.
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FIG. 25. Urogram. Stone in the upper ureter 
(arrow). Ahead of the stone a defect in the 

contrast medium.

HISTOLOGICAL FINDINGS 

[Fig. 24)

The biopsy material consisted of oedematous, 
villous tissue. On the surface a thin layer of 
ordinary epithelium. In the submucous layer 
inflammatory cells, mostly monocytes and 
plasmocytes but also some leucocytes, were 
seen. Some mucinous tissue was found close 
to the epithelium layer.

B. Roentgenological findings 
Case report. K—E. J. aged 35. Male. Pre
viously in good health. On arrival in hospital 
the patient had severe ureteric colic for 24 
hours. Immediate intravenous urography 
showed no excretion of contrast medium from 
the left kidney. During the following week 
the patient had recurrent periods of ureteric 
colic. After 12 days a second intravenous 
urography was done. At this time an ordinary 
excretion of contrast medium was found and 
ahead of a ureteral stone lodged in the upper 
ureter a defect was seen in the contrast 
medium. [Fig. 25]. The defect was irregular 
(cf. also Fig. 27].

FIG. 26. Published with the kind permission of J. L. Emmett, Mayo Clinic, Rochester, Minesota, 
USA. A. Retrograde pyelography from a patient with a stone (arrow) in the upper ureter. Ahead 
of the stone a defect in the contrast medium. B. Plain film from a patient with a stone in the 
middle ureter (arrow). C. Retrograde pyelography of the same patient. Ahead of the stone a defect

in the contrast medium.
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Emmett (1964} described defects in the 
contrast medium ahead of ureteral stones at 
retrograde pyelographies. Fig. 26 is published 
with his kind permission and shows defects 
in the contrast medium, which appear to end 
5—10 mm below the stones. There is an 
abrupt termination of the contrast medium. 
The patients had had their stones for a 
substantial length of time (Emmett, personal 
communication, 1967}.

Comments
The ”tumour" ahead of the ureteral stone in 
the ureter of the patient C—E. J. and the 
”bar” ahead of artificai ureteral concrements 
in rabbits (cf. Chapter VII} seem to have the 
same structure macroscopically and histo
logically. It seems probable that this structure 
is secondary to the stone and the force acting 
upon it (cf. Chapter VII}. When the stone 
was removed the ”tumour” in the ureter 
disappeared and could not be found at an 
excretory urography or at a retrograde pyelo
graphy.

Hirayama (1964) has described a patient 
with a similar polyposis of the ureteral 
mucosa ahead of a ureteral stone. He assumed 
that this tumour caused the arrest of the 
stone but did not discuss the mechanism of 
the formation of it. Emmett (1964) has de
scribed a defect in the contrast medium ahead 
of a ureteral stone. He assumed that this 
defect depended upon a spasm of the smooth 
muscle in the ureter. It is difficult to deny 
the excistence of such a spasm (Kiil, 1957), 
but the irregular and abrupt termination of 
the defect (Figs. 25 & 26) is hard to explain 
as a contraction of a syncytial muscle.

The formation of the bar ahead of a ureteral 
stone requires a special anatomic arrange
ment of the different layers in the ureteral 
wall (cf. Chapter II) and a high pressure 
above the stone (= ureteric colic) acting 
over a long period (cf. Chapters IV & VII).

The patients reported each had a large 
stone, lodged in the upper or middle ureter 
for a substantial length of time and they had 
recurrent ureteric colic.

PARTICLES IN THE URETERAL 
LUMEN ABOVE A STONE

In studies of rabbits blood and detritus were 
found above the concrement in most ureters. 
No definite conclusion can be drawn from 
these observations as the perforation of the 
kidney at the insertion of the concrement 
could be the source of these particles.

It is generally assumed that haematuria in 
patients with ureteral stones is due to damage 
to the ureteral mucosa caused by the stone 
(Boeminghaus, Kiil). This damage is most 
pronounced where the ureteral wall-to-stone 
pressure is greatest.

In a model study (cf. Chapter VI) it was 
shown that when increasing forces were 
applied longitudinally to a sphere inside an 
elastic tube the tube-to-sphere pressure was 
initially highest at and above the largest cir
cumference of the sphere. It seems probable 
that the same distribution of the ureteral 
wall-to-stone pressure is to be found when 
the pressure rises above a ureteral stone. Later 
on, however, the ureter is distended above 
the stone and the ureteral wall loses touch 
with the stone above its largest circumference 
(cf. Fig. 23 B. Chapter VIII). At this time 
red blood cells, inflammatory cells, des
quamated epithelial cells and different pro
teins, including mucoproteins from the dam
aged part of the ureteral mucosa, can freely 
pass into the ureteral lumen above the stone.
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A. Roentgenological observations 
[Figs. 27—29]

The urogram in fig. 27 A is from a man. 
O. L. aged 38, with ureteric colic recurrent 
for seven nights. The urogram in fig. 27 B is 
from the same patient four days later. No 
ureteric colic had occurred in the meantime. 
Both urograms were exposed with the patient 
in a prone position. The defect in the contrast 
medium ahead of the stone in both urograms 
and the defect above the stone in the first 
urogram should be noted.

The urogram seen in fig. 28 A is from a 
woman, aged 56, who two hours before this 
examination had ureteric colic. No macro- 
scopical haematuria was observed. A few 
hours after the first urography was done, 
a pronounced macroscopical haematuria with 
blood clots, and mucinous content was ob
served. Next morning, when the urography 
in fig. 28 B was done, the urine was macro-

scopically normal again. Both films in fig. 28 
were exposed 70 minutes after the injection 
of 40 ml 60 % UrografinR and with the 
patient standing. In fig. 28 A there is a low 
density of contrast medium above the stone 
lodged in the lower ureter. After the passage 
of blood and mucinous content there is a 
high density of contrast medium above the 
stone (Fig. 28 B].

The urogram in fig. 29 A is from a patient 
with a ureteral stone in the upper ureter. 
No defect is seen in the contrast medium 
just above the stone. The patient was placed 
in supine position.

The urogram in fig. 29 B is from the same 
examination but the patient was placed in a 
prone position when the film was exposed. 
A defect in the contrast medium is seen just 
above the stone. In a prone position a stone 
in the upper ureter is lodged in the most 
declivous part of the obstructed urinary tract.

FIG. 27. A. Urogram from a patient with ureteric colic recurrent for 7 nights. Stone in the upper ureter 
(arrow). Just ahead of and just above the stone defects are seen in the contrast medium. B. Urogram from 
the same patient 4 days later. No ureteric colic in the meantime. Just ahead of the stone a defect in the 
contrast medium but no defect above the stone. Both urograms were exposed with the patient in a prone

position.
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FIG. 28. A. Urogram from a patient with a stone (arrow) in the distal ureter. A defect in the contrast 
medium is found 4—5 cm above the stone. B. Urogram from the same patient one day later. No defect in 
the contrast medium above the stone. Both urograms were exposed with the patient in an erect position 70 
minutes after an injection of 30 cc 60 % Urografin. Two hours after the first urogram was exposed amounts 

of mucinous content and blood clots passed with urine.

FIG. 29. A. Urogram from a patient with a stone in the upper ureter. Supine position. No defect 
in the contrast medium above the stone. B. Urogram from the same patient in a prone position. 

A defect in the contrast medium above the stone.
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FIG. 30. Model. For detailed description see text. A. Photo. Blood and detritus above the stone. B. Plain 
roentgenogram. C. Roentgenogram after pouring urografin into the container. A defect in the contrast medium

just above the stone (cf . Fig. 30 A).

B. Model study 
(Fig. 30]

After a short period of ureteric colic a stone 
measuring 2X2 mm in diameter passed 
spontaneously in a man; aged 22. 120 ml 
urine with blood clots and mucinous content 
passed together with the stone. All the urine 
and the stone were poured into a cylindrical 
glass container, which tapered into a glass 
tube with an inside diameter of 3 mm. After 
4 cm this tube tapered into a tube with an 
inside diameter of 1 mm. This narrow tube 
was placed inside a polyethylene tube on 
which a cock was placed allowing the flow 
of urine through the model to be varied.

The stone fell immediately to the bottom 
of the wide glass tube and within one minute 
blood and detritus also fell into this tube and 
lodged just above the stone (Fig. 30 A]. A

plain roentgenogram of the model is shown 
in fig. 30 B. After 120 cc 60 % UrografinR 
was poured into the glass container a second 
roentgenogram was made (Fig. 30 C]. A de
fect in the contrast medium is seen above 
the stone corresponding to the blood and 
detritus seen in fig. 30 A. When the model 
was shaken blood and detritus were mixed 
with the urine in the tube and passed to
gether with this urine when the cock was 
opened widely.
This model study shows

that the specific gravity of the particles in 
the urine which is leaving the bladder to
gether with a stone is higher than that of a 
solution of 30 % UrografinR in urine, 

that a content of blood and detritus above 
a stone can cause a defect in the contrast 
medium,
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that a content of blood and detritus can be 
mixed with urine even in a narrow tube, 

that blood and detritus pass a stone in a 
narrow glass tube when the flow of urine is 
high.

C. Clinical observations
In a clinical study of 18 consecutive patients 
with a ureteral stone it was found that these 
patients had had 38 periods of recurrent 
ureteric colic. Thirty of these periods oc
curred during sleep from 00.00—08.00. Only 
8 periods occurred from 08.00—24.00. Six 
patients spontaneously said that their pain 
was reduced when they got up and moved 
around. Four patients found that their pain 
disappeared when they crouched.

Comments
From the roentgenological observations (Figs. 
27—29} it was found that the urine above a 
ureteral stone sometimes contained some 
floating particles with high specific gravity. 
From clinical and roentgenological observa
tions (Figs. 28 & 30} it seems probable that 
these particles were blood cells, inflammatory 
cells and desquamated epithelial cells and 
mucoproteins.

Such a content in the urine above a stone 
can disturb the urine flow by the stone and 
when the particles are packed together just 
above the stone they may cause a complete 
obstruction of the urine flow.

From the model study it seems probable 
that the particles are more easily packed to
gether above the stone when the urine flow 
is low, the patient is steady and the stone is 
lodged in the most declivious part of the 
obstructed urinary tract. That is conditions 
for a packing of the particles just above the 
stone are favourable when the patient with 
a stone in the lower ureter is sleeping calmly 
early in the morning in a supine position.

Clinical observations showed that most 
periods of recurrent ureteric colic occurred 
during sleep. This phenomenon has been 
pointed out earlier by Hellström, 1949. It 
was also noted earlier that ureteric colic is 
sometimes released when the patient is mov
ing (Giertz, 1962; Lowsley and Kirwin, 
I960}. No explanation has previously been 
given for this phenomenon, but it seems 
probable that particles packed together dur
ing sleep or rest are mixed with urine above 
the stone when the patient is moving. Then 
the urine can pass the concrement more 
easily, the pressure above the stone is re
duced and the ureteric colic ceases.

In most handbooks patients with a ureteral 
stone are recommended to increase their fluid 
intake. When the stone itself causes a com
plete obstruction of urine flow (spherical 
stones} an increase in urine production can 
cause a rise in the pressure above the stone 
and thus ureteric colic (Risholm; cf. Chapter 
VIII}. Under such circumstances the treat
ment is of little use, but when particles above 
the stone cause an obstruction of the urine 
flow it seems to be helpful to the patient to 
move and to increase the fluid intake (cf. 
model study}.

SUMMARY

It is shown by means of biopsy from human 
ureter and by means of roentgen examinations 
that sometimes a ”bar” can occur in the 
ureteral lumen ahead of human ureteral 
stones. The mechanism of the formation of 
such bars is discussed briefly.

Roentgenological examinations in different 
positions show that there are particles in the 
urine above a ureteral stone which can be 
packed together above the stone and may 
cause an obstruction of the urine flow. Some 
clinical observations are correlated to these 
findings.
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CHAPTER X

Oxyphenbutazone in the treatment of acute 
ureteral stone disease

Inflammatory reaction with oedema of the 
ureteral wall at the level of a ureteral stone 
was observed as early as 1895 by Albarran. 
Swift (1929), Kiil (1957) and Boeminghaus 
(1961) thought that the intensity of this 
reaction varies with the size and shape of 
the stone and with the absence or presence 
of infection. Our own investigations (cf. 
Chapter VII) have shown that the intensity 
of this reaction depends on the ability of the 
stone to obstruct urine flow and on the 
radius of the stone. Some authors think that 
oedema may hamper the passage of small 
ureteral stones and give rise to stasis (Dour- 
maskin, 1945, Deuticke, 1951, Kiil 1957; 
Boeminghaus, 1961).

Local treatment of oedema has been used 
by various authors. Furniss (1913), Young 
(1918) Dourmaskin (1945) used high fre
quency current fulguration. Zoedler used 
local injection of Privin. Local roentgen- 
therapy at the level of the stone was used by 
Frank (1961) and Floth (1962).

General treatment of oedema was used by 
Tomlin & Youngblood (1966). They used 
streptokinase and noted some effect, but they 
had no control series and the size of the 
stones was not mentioned.

The aim of the present investigation was to 
study the effect of an antiflogistic drug on 
the time of passage of ureteral stones.

For that purpose oxyphenbutazone (Tan- 
deril), produced by Geigy, Basel, Schweiz, 
was chosen. This compound is a metabolithe 
from phenbutazone (Butazolidin) and is bet
ter tolerated by the digestive system (Bel-

frage, 1967). Oxyphenbutazone has an anti- 
proliferative-antiexsudative effect comparable 
to that of prednisolon (Rechenberg, 1961; 
Löwgren, 1965).

METHOD AND MATERIAL

All patients treated for acute ureteral stone 
disease at the Surgical Clinic of the University 
Hospital, Umeå, Sweden, March 1963 to May 
1964, 115 patients in all, are included in this 
investigation. When a patient was suspected 
clinically of having ureteral stone disease, an 
excretory urography was immediately done 
to verify the diagnosis. Treatment was started 
when a ureteral stone was found but also 
when an obstruction was found in one ureter 
but a stone in the ureter could not be de
finitely verified at the first examination.

TABLE V
Age distribution of patients with stones smaller 

than 4 mm.

Control group Test group 
(Tanderil)

40 years 12 23
<40 » 17 18

After two and seven days respectively the 
roentgen examination was repeated in order 
to verify and check the position of the stone. 
These examinations were made after prepara
tion of the bowel (enemas). The size of the 
stones was measured directly on the roentgen 
film without any correction for the magnifica
tion factor. When the stone was elliptical the 
size mentioned here represents the minor



64

TABLE VI
Time of spontaneous passage of ureteral stones. 

Patients in the test group were given oxyphenbutazone.

Stones < 4 mm
Passed within 2 days 
Passed within 7 days 
Passed spontaneously 

Stones 4 mm
Passed within 2 days 
Passed within 7 days 
Passed spontaneously 

Stones not verified 
Total

Control group lest group
29

5
41

24
20 31
29 40

14
2

7
1

3 1
8 3

14 10
57 58

0.01 > p > 0.001

axis. The diameter is given for spherical 
stones.

Every patient was followed up till the stone 
had left the ureter. Afterwards an excretory 
urography was done in order to check the 
function in the ureter and the kidney.

In 24 patients who were treated a ureteral 
stone could not be definitely verified. These 
cases are reported as ”not verified”.

Treatment
Every patient was given a tin, containing 30 
dragées, labelled ”Tanderil” + code number, 
kindly put at our disposal by Geigy, Basel. 
Half the tins contained dragées with 100 mg 
oxyphenbutazone while the other half con
tained placebo dragées.

Two dragées were administered three 
times a day for two days and then one dragée 
three times a day for the following five days.

The patients were told that the drug re
duced the swelling around the stone. The 
key of the code was kept by our pharma
ceutical chemist and was not broken until 
the series was finished and the results noted.

Papaverine 80 mg three times a day was 
administered orally to every patient.

Palerol comp. (Sandoz, Basel] 4—5 ml, 
administered intravenously, was used as an 
analgetic drug.

The patients were recommended to be 
active and were given fluid ad. lib.

RESULT 

(See table VI]

Stones smaller than 4 mm in diameter were 
found in 70 patients. When the code was 
broken it was found that 41 patients had 
received oxyphenbutazone (test group] and 
29 placebo (control group].

After two days 24 out of 41 stones in the 
test group had passed and 5 out of 29 in the 
control group.

The difference is significant (^2 = 11.3; 
d.f. = 1; 0.01 >p >0.001].

After seven days 31 stones out of 41 in the 
test group and 20 out of 29 in the control 
group had spontaneously passed. No signifi
cant difference.

The duration of the symptoms before treat
ment started was similar in the test group 
and in the control group (cf. Table VII].

Stones smaller than 4 mm passed sponta
neously in 69 out of 70 patients. In one

TABLE VII
Duration of symptoms on arrival in hospital. 

Patients with stones smaller than 4 mm.

Control group Test group 
(Tanderil)

Symptoms < 24 hours 17 22
Symptoms ^24 » 12 19
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patient ureterolithotomy was undertaken. 
This patient had a stone exactly where an 
earlier ureterolithotomy had been made and 
had high fever and pyelithis.

The number of patients with stones larger 
than 4 mm was too small to allow any stati
stical analyses.

COMMENTS 

Method and material

The aim of this investigation was to make a 
double-blind trial of the value of an anti- 
flogistic compound in the treatment of urete
ral stone disease.

It is important to have an efficient method 
of registering the effect of the treatment. In 
the present trial the position of the stones 
was followed by repeated roentgen examina
tions and the time of their passage was 
noted.

Oxyphenbutazone was administered in an 
initial dose of 600 mg a day for two days 
and then in a maintenance dose of 300 mg 
for five days. Such a dose gives a serum 
concentration of 7—8 mg % of oxyphen
butazone (Rechenberg & Herrman, 1961]. 
A serum concentration of 5 mg % is needed 
for therapeutic effect (Rechenberg, 1961].

No side effects from oxyphenbutazone 
were noted in the present study.

The treatment was started as soon as a 
ureteral stone was suspected clinically and 
roentgenologically. In this way the treatment 
could be started as early as possible which 
is favourable (cf. below]. In 14 patients in 
the control group and in 10 patients in the 
test group stones were not definitely verified.

Result

It was found that stones smaller than 4 mm 
passed more often within two days when 
oxyphenbutazone was administered. It was

also found that stones smaller than 4 mm 
passed within seven days as often in the test 
group as in the control group.

These findings may be compared with 
results from other investigations.

In a clinical study of the inflammatory 
reaction in fractures of the lower leg All- 
goewer (1963] showed that the posttraumatic 
swelling was most pronounced the second 
day after the trauma. He also showed that 
administration of oxyphenbutazone imme
diately after the trauma reduced the swelling 
significantly the same day but after six days 
there was no significant difference in the 
swelling in the test group and the control 
group.

In another study Hagberg & Hjelmström 
(1966] found that the swelling two days after 
phimosis surgery was significantly reduced 
when oxyphenbutazone was administered. 
After six days there was no difference in the 
swelling in the test group and in the control 
group. These authors used a photogrametric 
method of studying the swelling.

A mechanical traumatisation of the ureteral 
wall at the level of a stone also causes an 
inflammatory reaction (cf. Chapter VII]. The 
traumatisation depends on the strength of 
the forces acting on the stone, that is the pres
sure above the stone (cf. Chapters VI & 
VIII]. A high pressure above a stone causes 
ureteric colic (Risholm, 1954].

Thus, when a patient arrives in hospital 
with ureteric colic there is a force acting 
on the stone, which causes a traumatic in
flammatory reaction in the ureteral wall.

According to Asboe-Hansen (1967] the 
inflammatory reaction from an injury to the 
tissue can be separated into three phases:

1. Initial oedema phase due to an elabora
tion of histamine, which causes an in
creased vasculary permeability. The ex
sudation and oedema during this phase 
can be reduced by antihistaminic com
pounds.
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2. Mucinous oedema phase due to synthesiz
ing of water binding mucopolysaccarides. 
This oedema can be reduced by saly- 
cylates, corticosteroids and oxyphenbuta- 
zone.

3. Regenerative-scar phase.

The first phase is seen a few minutes after 
an injury and the second phase within one 
hour. A compound which is given in order to 
reduce oedema must be administered as early 
as possible after the trauma. The best results 
are achieved when the treatment is started 
before the trauma (Allgoewer, 1965).

From the discussion above one may con
clude that it is suitable to administer an anti- 
flogistic compound to patients with a ureteral 
stone as soon as they get ureteric colic. The 
treatment ought to be continued as long as 
the patient has recurrent ureteric colic which 
causes recurrent traumatisation of the ureteral 
wall (cf. Chapter VIII).

In the present study it was found that an 
antiflogistic drug, oxyphenbutazone, which 
reduces the mucinous oedema phase (Asboe- 
Hansen) was useful in the treatment of small 
ureteral stones. Salycylates or corticosteroids 
could probably have been used with similar 
results.

Antihistaminic drugs, which reduce the 
initial oedema phase (Asboe-Hansen) might 
also be valuable particularly in the treatment 
of patients with recurrent ureteric colic, 
where the treatment can be initiated before

a new traumatisation of the ureter occurs. 
Such a drug has also an anti-emetic effect 
which may reduce the periods with elevated 
intra-abdominal pressure due to vomiting and 
sickness (cf. Chapter V).

It was not shown in this study that 
oxyphenbutazone is of any value in the treat
ment of patients with stones larger than 4 
mm but one must assume that large stones 
cause basically the same changes in the ure
teral wall as small ones and that some large 
stones pass more easily if oxyphenbutazone 
is administered.

It is also probable that a reduction in 
oedema at the level of a stone allows a 
better urine flow and thus reduces the pres
sure above the stone and consequently also 
the ureteric colic.

SUMMARY

In a double-blind trial in patients with ure
teral stone disease it was shown that stones 
smaller than 4 mm passed spontaneously 
within two days more often when oxyphenbu
tazone was administered (0.01 < p < 0.001).

After seven days these stones passed spon
taneously as often in the test group as in the 
control group.

69 out of 70 stones smaller than 4 mm 
passed spontaneously.
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CHAPTER XI

The effect of a spasmolytic compound (Papaverine) 
on the time of passage of ureteral stones 

smaller than 4 mm

Spasmolytic compounds have been used in 
the treatment of patients with a ureteral 
stone for a long time (Macht, 1917]. The 
value of such treatment is debatable. Three 
questions seem to be of particular interest.

1. Does a spasmolytic compound influence 
the tonus or activity of the ureter in vivo?

Most authors think that the tonus and activity 
of the smooth muscle of the ureter in vivo 
are not influenced by any spasmolytic com
pound (Trattner, 1935; Lapides, 1948; Kill, 
1957; Holmlund & Furberg, 1964]. Others 
have reported that they have noticed some 
effect on the tonus of the ureter (Lutzeyer, 
1963; Rutishauser, 1964; Ross & Edmond, 
1965]. 2

2. Does spasm occur in a ureter with a 
stone?

The occurrence of spasm at the stone level 
in the ureter has been discussed by Kiil. He 
concluded from his own investigations and 
from a critical perusal of the literature that on 
one has been able to show the occurrence of 
spasm in the ureter. There are, however, 
authors who think that there is a spasm 
around ureteral stones (Delinotte et al., 1964; 
Emmett, 1964; Schede, 1965].

Others definitely deny the existence of 
spasm in the smooth muscle of the ureter but 
think that there is a vasospasm of the vessels 
in the ureteral wall at the level of the stone 
(Lapides, 1960; Christiansen, 1962].

3. Does a spasmolytic compound influence 
the clinical symptoms of a patient with a 
ureteral stone or the passage of the stone?

Most studies of the effect of spasmolytic com
pounds in ureteral stone disease seem to deal 
with pain relief. It is usually the analgetic 
effect of a spasmolytic compound combined 
with an analgetic one which has been studied, 
e.g. Spasmo-Dolviran (Redecker, 1962], Ben- 
zodiarone (Chavin, 1964], Spasmo-Lunedon 
(Anderson, 1966]. Redecker noted that the 
spasmolytic compound alone was of little 
value.

Lapides thought that the pain of patients 
with ureteral stone disease depended on a 
vasospasm which could be promptly released 
by use of a vasodilatating drug. He recom
mended 130 mg Papaverine i.v. Sic. Such a 
high dose of Papaverine has a central anal
getic effect (Grollman, 1952] and reduces 
the arterial pressure and thus the filtration 
pressure of the kidney, which gives pain relief 
(Risholm, 1954; Holmlund & Furberg, 1964].

Some authors have investigated the effect 
of spasmolytic therapy upon the passage of 
ureteral stones.

Christiansen (1962] noted that 14 out of 
36 ureteral stones passed within three days 
when a spasmolytic drug, Palerol (Sandoz] 
and a diuretic drug, Esidrex (Ciba] were 
administered. The size of the stones was not 
mentioned and there was no comparable con
trol group.
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Continous epidural anestesia for 48 hours 
was used by Dietrich et al. [1963] in order 
to obtain a continous relaxation of the smooth 
muscle of the ureter. The stones of 30 
patients, who were given this treatment, 
passed as often as the stones in a control 
group. The size of the stones was not men
tioned.

The aim of the present study is to in
vestigate how papaverine hydrochloride in
fluences the time of passage of ureteral stones 
with a diameter smaller than 4 mm.

TABLE IX
Duration of symptoms on arrival in hospital.

Test group Control group 
24 hours 30 34

> 24 » 22 16

After two and seven days the roentgen- 
examinations were repeated in order to check 
the position of the stone. The size of the 
stone was measured directly on the films 
without any correction for the magnification 
factor. Every patient was followed up till the 
stone had left the ureter and afterwards an 
excretory urography was done.

METHOD AND MATERIAL

All patients with ureteral stones smaller than 
4 mm treated at the Surgical Clinic of the 
University Hospital, Umeå, December 1964— 
November 1966, 102 patients in all, are in
cluded in this investigation.

Every patient was examined immediately 
on arrival and an excretory urography was 
done. When this examination showed a stone 
measuring less than 4 mm in diameter the 
treatment started.

In the order of their arrival in the hospital 
the patients were placed in one of two groups 
according to a prearranged list. The number 
of patients in the two groups was:

Test group n = 52 
Control group n = 50

The patients in the test group were given 
Papaverine 80 mg five times a day for seven 
days. The patients in the control group were 
given no spasmolytic compound at all.

RESULT 
[See Table X]

Within two days 15 out of 52 stones in the 
test group and 14 out of 50 stones in the 
control group passed spontaneously.

Within seven days 31 out of 52 stones in 
the test group and 38 out of 50 stones in 
the control group passed spontaneously.

In the whole series 100 out of 102 stones 
passed spontaneously.

After a spontaneous passage of the stones 
no strictures or stasis were found at the 
urography check.

TABLE X
Passage time of ureteral stones smaller than 4 mm.

Passage within 2 days

Test group 
n = 52

15

Control group 
n = 50

14
Passage within 7 days 31 38
Spontaneous passage 50 50
Ureterolithotomy 1 —

Transuretral extraction 1 —

TABLE VIII 
Age distribution.

Test group Control group 
40 years 26 22

> 40 » 26 28

In both groups Oxicodone s.c. was used as 
an analgetic drug.

COMMENTS 
Material and method

Only patients with stones smaller than 4 mm 
were included in this study. It was earlier 
assumed that only spasm could prevent the 
expulsion of a ureteral stone in cases where 
the diameter of the stone was smaller than
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that of the ureteral lumen (Kiil}. If this 
assumption were correct a spasmolytic com
pound ought to be particularly valuable in 
the treatment of patients with such stones.

In the present investigation we wanted to 
use a spasmolytic compound with generally 
accepted pharmacological properties and with 
a wide distribution. Because of that Papa
verine, used for 50 years, all over the world 
in the treatment of patients with a ureteral 
stone, was chosen. The dose used was 400 
mg a day. The official dosage of Papaverine 
is 600 mg.

The treatment was discontinued after seven 
days. After this time factors other than spasm 
seem to contribute to the arrest of a ureteral 
stone (Swift, 1929; cf. Chapter X).

Oxicodone (Dihydro-oxy-codeinon) which 
was used as an analgetic compound has an 
effect comparable to that of morphine but is 
said to have less tendency to cause spasm in 
the smooth muscle (Mayer, 1927).

Result
It was found that a spasmolytic compound, 
Papaverine, did not favour and probably not 
hamper the passage of small ureteral stones.

These findings may indirectly show that 
there is no spasm of the ureter at the level 
of the stone or that an eventual spasm is not 
influenced by Papaverine in the dosage used.

In all 170 patients with a ureteral stone 
smaller than 4 mm were reported in this and 
the previous Chapters. All stones but 3 (98 
%} passed spontaneously. Within one week 
120 out of 170 stones (70 %} passed. Sande- 
gård (1956} reported that 212 out of 234 
stones smaller than 4 mm passed sponta
neously. Madsen & Thybo (1966} reported 
that 197 out of 237 stones smaller than 3 mm 
passed spontaneously.

Follow-up urographies showed no lasting 
damage to the ureteral or renal function after 
the spontaneous passage of 167 ureteral stones 
smaller than 4 mm. At a similar urographie 
follow-up Sandegård found an excretion 
which was completely normal in 122 patients 
after the spontaneous passage of ureteral 
stones.

SUMMARY

In a clinical trial it was shown that a spas
molytic compound, Papaverine, did not in
fluence the time of passage of ureteral stones 
smaller than 4 mm. These stones usually 
(98 %} passed spontaneously without leaving 
any lasting damage to the ureteral or renal 
function as could be found from follow-up 
excretory urographies.
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CHAPTER XII

General discussion and conclusions

BASIC ASSUMPTIONS

The aim of the present investigation was to 
study the mechanism of the passage and 
arrest of ureteral stones. The basic assump
tions were:
I. The stone is a firm body with varying 

size and shape.
II. The ureter is a visco-elastic tube with 

muscular activity. It transports urine from 
the kidney to the bladder. This transport 
can be obstructed by a stone. The tube 
is lodged inside a cavity, the abdominal 
cavity, where the pressure can vary. This 
cavity is a part of a system, the whole 
body, which can vary its position and 
state of movement.

I. The stone
The properties of the stone depend on its 
chemical composition, size and shape.

The chemical composition of the stone was 
not studied in this investigation but it is 
assumed that the stone is a firm body which 
is not deformed by the ureteral wall.

The shape of the stone varies in different 
patients. The position of the stone inside the 
ureter can also vary but usually the stone has 
its largest cross-section lengthwise to the 
ureter.

The stone is surrounded by the ureteral 
wall and works like a valve. Only stones with 
a circular cross-section can work as an effec
tive valve (cf. Chapter V]. Small, round 
stones can thus cause a complete obstruction

which irregular, prismatic or square stones 
never can, even if they are large (cf. Chapter
V]. Small irregularities in a stone can, how
ever, be closed by particles which occur in 
the ureteral lumen above a stone and thus 
cause a complete obstruction (cf. Chapter 
IX).

The damage to the ureteral mucosa at the 
level of a stone depends on the force which 
acts on the stone (cf. Chapter VIII}. When 
a stone is arrested in the ureter the driving 
and opposing forces balance each other.

The force which drives the stone down
wards in the ureter is estimated by the 
equation:

P • 7T • rI. 2

where P is the pressure above the stone and 
r the radius of the cross-section of the stone 
upon which this pressure works.

That is only stones which obstruct the 
urine flow and cause a rise in pressure above 
the stone can cause any damage to the ure
teral mucosa (cf. above}.

The driving force and thus the damage to 
the ureteral mucosa is determined by the 
radius of the stone raised to the second 
power.

After spontaneous passage of different arti
ficial concrements placed in the urinary tract 
of rabbits the damage to the ureteral mucosa 
was noted. It was found that the extent of 
the damage depended on the size of the 
stone. Sharp and smooth stones with the same 
radius caused damage of similar extent (cf. 
Chapter VII}.
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II. The ureter — tube 
The properties of a tube [a ureter] that in
fluence the passage of a firm body (a ure
teral stone] through it are the width of the 
lumen and the distensibility of the tube wall.

WIDTH OF THE LUMEN

Most stones are arrested in the pelvico-urete- 
ral conjunction and in the intramural portion 
of the ureter where the lumen of the ureter 
is narrowest.

THE DISTENSIBILITY OF THE URETERAL WALL

The distensibility of the ureteral wall depends 
on the distensibility of the different tissues 
of the ureteral wall and their arrangement.

The fibrous tissue constitutes most of the 
ureteral wall [70 %]. The distensibility of 
the collagen fibres of this tissue is particu
larly small [cf. Chapter III]. A very dense 
fibrous layer, the tunica propria, is found 
just below the mucosal layer.

The fibres of the tunica propria are almost 
concentrically arranged in the lower end of 
the ureter. In the upper and middle part of 
the ureter, the tunica propria and the mucosal 
layer constitute a starlike boundary to the 
ureteral lumen and the collagen fibres are 
irregularly arranged. On distension of this 
part of the ureter the collagen fibres are 
stretched and arranged concentrically around 
the lumen. The initial stretch is only ham
pered by muscle fibres and elastic fibres 
which offer little resistance to the distension 
[cf. Fig. 2]. When the collagen fibres are 
straightened a considerable force is required 
to bring about a further distension.

When, however, a constant force is applied 
to living tissue, and that includes collagen 
fibres, the material will increase in length 
continously until it reaches a state of equilib
rium [creep]. That is the distension of the 
ureter depends both on the strength and 
duration of the force, pressure, which is 
applied.

THE FRICTION

The force that hampers the passage of a 
ureteral stone is the friction between the 
ureteral stone and the ureteral mucosa. This 
force can be estimated from Coulombs law:
F = f • N [5]
where N is the force that presses the ureteral 
mucosa against the stone and f the coef
ficient of friction between the ureteral mucosa 
and the stone.

The coefficient of friction varies with the 
shape of the stone.

The force N depends on the tension of 
the ureteral wall at the level of the stone. 
This tension depends on the distensibility of 
the ureteral wall, see above, the pressure 
above and below the stone, but can also vary 
if a force is applied to the stone at trans- 
uretral extraction.

The force N depends also on the pressure 
outside the ureter and on the muscle activity 
of the smooth muscle of the ureter. In addi
tion, the ureteral wall is constructed from 
different layers which can move relative to 
each other.

From this it can be seen that an analysis of 
the friction between a ureteral stone and the 
ureteral mucosa is a rather complex mechani
cal problem.

The complete solution to this problem is 
not given in the present investigation but 
some factors which may influence the friction 
and thus the passage of ureteral stones are 
analysed.

The "bar"
Outside the tunica propria of the ureteral 
wall a loosely constructed fibrous layer is 
found, which allows a contraction of the 
longitudinal muscle without any movement 
of the mucosal layer and also a lengthwise 
folding of the mucosal layer which does not 
affect the outer layers of the ureteral wall 
[Möllendorff]. When the stone and the 
mucosal layer are forced downwards in the
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ureter, this loosely constructed layer also 
allows a transverse folding of the mucosa and 
tunica propria which does not affect the 
muscle layer or the outer fibrous layer. The 
extent of this transverse folding depends on 
the strength and duration of the driving force, 
the pressure above the stone (cf. Chapter 
VII]. A high pressure above a stone causes 
a mechanical traumatisation of the mucosa 
which causes an inflammatory reaction in the 
ureteral wall at the level of the stone (cf. 
Chapter VIII]. Inflammatory changes appear 
also in the transverse fold, or bar, ahead of 
the stone.

In rabbits a bar was found in the ureters 
where an artificai concrement had been 
lodged in the same place for more than 24 
hours (cf. Chapter VII].

In human ureters the corresponding 
changes were verified at surgery and on 
roentgenological examination of patients with 
large stones lodged in the upper or middle 
ureter for a long time. The stones had caused 
the patients longstanding ureteric colic (cf. 
Figs. 24—27].

It is assumed that a similar bar occurs also 
in a ureter with a small stone, causing urete
ric colic (cf. Chapter VII].

It seems probable that a bar ahead of a 
stone hampers its passage.

The bar can be reduced by reducing the 
force that produces it, that is, the pressure 
above the stone. Engberg & Palmlöv (1967) 
drained the upper ureter in patients with an 
obstructing stone in the lower ureter and 
found that the stone sometimes passed spon
taneously.

The bar can also be reduced by reducing 
the inflammatory reaction. Such a treatment 
has been used by many authors: Zoedler used 
Privin locally, Frank and Floth used roentgen- 
therapy of the ureter at the level of the stone, 
Tomlin & Youngblood administered strepto
kinase. In a double-blind clinical trial reported 
in Chapter X it was shown that small ureteral

stones passed earlier when oxyphenbutazone, 
Tanderil, was administered.

Muscle activity
No circular fibres are found in the intramural 
part of the ureter or in the pelvico-ureteral 
conjunction, where most ureteral stones are 
arrested. From this one may conclude that a 
spasm of a circular smooth muscle does not 
cause the arrest of these ureteral stones. In 
our experiments on rabbits no spasm of the 
ureter at the level of the stone was ever ob
served. Our observations, however, do not 
allow us to conclude that there is no spasm 
in the ureter (cf. Kiil, 1957].

In a clinical study reported in Chapter XI 
the effect of a spasmolytic compound, Papa
verine, was studied. This compound did not 
influence the time of passage of small ureteral 
stones.

In studies of rabbits ordinary peristaltic 
activity was found in the ureter ahead of 
small, round, artificial concrements. This 
peristaltic activity evacuated all the urine 
content ahead of the concrement. In human 
ureters Kiil (1957] and Tsuchida & Kimura 
(1966] found ordinary peristaltic activity 
ahead of ureteral stones.

Bäcklund (1963] showed that a distension 
of the ureter can provoke a peristaltic con
traction. It seems probable that local disten
sion of the ureter caused by a stone can also 
provoke a peristaltic contraction in the ureter.

In model studies it was shown that a col
lapsed elastic tube ahead of a spherical body 
strongly opposed the passage of the body 
through the tube (cf. Chapter V].

Studies of rabbits showed that an empty 
ureter ahead of a concrement almost com
pletely hampered its passage (cf. Chapter 
VIII].

It has earlier been assumed that only 
spasm, which nobody has conclusively de
monstrated (Kiil], can prevent the passage 
of small ureteral stones in cases where the



73

diameter of the stone is smaller than that of 
the ureteral lumen. In the present investiga
tion it is shown that ordinary peristaltic 
activity which evacuates the urine from the 
ureter ahead of the stone can prevent the 
expulsion of such stones.

The pressure above a ureteral stone
A rise in the pressure above a ureteral stone 
always increases the driving force. Such a 
rise in pressure also causes a simultaneous 
rise in the tension in the ureteral wall at the 
level of the stone, which increases the fric
tion between the stone and the mucosal layer 
[cf. Chapter VI]. Initially the tension of the 
ureteral wall increases particularly above the 
largest circumference of the stone [cf. 
Chapter VI]. Consequently most traumatisa
tion of the ureteral mucosa is to be found 
at and above the largest circumference of 
the stone.

A continually high pressure above a stone, 
however, causes a continual distension of the 
ureter [creep] .Within some hours the ureteral 
wall loses touch with the upper part of 
the stone and sometimes also with the largest 
circumference of the stone [cf. Fig. 27 B]. 
Such a distension reduces the friction area and 
thus the friction between the stone and the 
ureteral mucosa [cf. Equation 10, Chapter
VI]. The ability of the stone to obstruct the 
urine flow is also reduced and the ureteral 
mucosa, damaged at the initial rise in pres
sure, loses touch with the stone. Blood, 
detritus and mucoproteins from the damaged 
mucosa can pass into the ureteral lumen 
above the stone and form small particles. 
These can be packed together just above the 
stone and sometimes completely obstruct the 
urine flow [cf. Figs. 27—29]. Recurrent 
ureteric colic which appears during sleep 
probably depends on package of small partic
les above the stone [cf. Chapter IX]. Such 
ureteric colic is released when the patient 
moves or changes position.

The pressure below the stone
In a model study it was shown that a rise 
in pressure ahead of a spherical body inside 
an elastic tube reduced the friction between 
the sphere and the tube. [cf. Chapter V]. 
In experiments on rabbits it was shown that 
an empty ureter ahead of a concrement al
most completely hampered the passage of a 
concrement [cf. Chapter VIII].

Different methods of manipulation of the 
ureteral ostium have been used in the treat
ment of ureteral stones [Macht, 1917; Young, 
1918; Dourmaskin, 1927; Ljunggren, 1963; 
Palócs, 1963; Zoedler, 1963; cf. Chapter 
VIII]. Any manipulation of the ureteral 
ostium causes swelling of the ostium and 
thus an obstruction of the urine flow [Greene, 
1944], which causes a rise of the pressure in 
the ureter also below the level of the stone. 
This rise in pressure distends the ureter and 
reduces the friction between the stone and 
the ureteral mucosa and the stone can move 
downwards.

The pressure outside the ureter
Model studies showed that a rise in the pres
sure outside an elastic tube hampered the 
passage of a spherical body placed inside the 
tube [cf. Chapter V]. The friction between 
the body and the tube wall was increased.

A rise in the pressure outside the ureter, 
the intra-abdominal pressure, increases the 
friction between a ureteral stone and the 
ureteral mucosa.

A rise in the intra-abdominal pressure for 
short periods is found during heavy work, 
defaecation, micturation strains, vomiting, 
attacks of coughing etc.

In the erect position the abdominal pres
sure in the bladder region is particularly high 
owing to the mass of the visceral content. In 
this region, where most stones are arrested, 
the intra-abdominal pressure in men is about 
10 cm H2O higher than in women [Backman 
et al. 1966]. This difference may explain why
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men have ureteral stone disease more often 
than women [4: 1). Renal stone disease is 
only slightly more common in men (Boeming- 
haus, 1963).

In the erect position the hydrostatic pres
sure above a ureteral stone is also high. A 
simultaneous rise in both the driving force 
and in the friction does not make the stone 
pass but causes traumatisation of the ureteral 
mucosa, which is accentuated if the patient 
is running, jumping or is placed in a MStein
schüttelstuhr ' (Kirsch et al. 1965, cf. Chapter 
V).

Extraction of ureteral stones
In a model study it was shown that the fric
tion between a spherical body and a rubber 
tube was four times greater when traction 
was applied from below than when the sphere 
was forced downwards by a rise in pressure 
above it (cf. Chapter VI). The physical ex
planation of this phenomenon is given in 
Chapter VI.

It is probable that transuretral extraction 
of a ureteral stone is accompanied by a 
correspondingly high friction. The extraction 
of large and irregular stones lodged in the

middle or upper ureter is particularly ha
zardous. Ahead of such stones a transverse 
fold or bar can be formed (cf. Chapters II &
VII). A violent traction can cause severe 
damage to the ureteral mucosa. Sometimes a 
traction beyond the tenacity of the ureteral 
wall is required to extract the stone (Ljung
gren, 1963).

In a clinical trial it was found that 167 out 
of 170 stones smaller than 4 mm passed 
spontaneously (cf. Chapter XI). Thus trans
uretral extraction of large stones is some
times hazardous and of small stones, often 
unnecessary.

In the present investigation some mechani
cal problems concerning the passage and 
arrest of ureteral stones are analysed. Simple 
physical laws concerning friction and elas
ticity are applied. The results seem to explain 
some clinical findings in patients with a 
ureteral stone and give some indication of 
suitable treatment for these patients.

It seems probable that some of our findings 
can also be applied to the passage and arrest 
of stones in the bile duct or on the passage 
and arrest of firm bodies in the digestive 
canal.
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General summary

In model studies and in experimental studies 
using rabbits the mechanical laws of the 
passage of firm bodies through elastic or 
visco-elastic tubes were investigated. The 
results were compared with some clinical 
findings.

The ureteral stone is regarded as a firm 
body which passes through a visco-elastic 
tube, the ureter. Between the stone and the 
ureteral mucosa there is friction which de
pends on the size and shape of the stone, the 
width of the ureteral lumen and on the 
distensibility of the ureteral wall. A rise in 
pressure above a stone or outside the ureter 
increases the friction. A rise in pressure be
low the stone reduces the friction.

When the pressure above the stone is raised 
the stone is forced downwards in the ureter. 
Ahead of the stone a transverse fold, or bar, 
can be formed. This bar is made up of the 
mucosal and submucosal layers. In the sub
mucosal layer an intense inflammatory reac
tion is found.

In the ureters of rabbits a bar was found 
when a concrement had been lodged in the 
same place for more than 24 hours.

In human ureters a bar was verified in 
patients with a large stone lodged in the 
upper or middle ureter for a substantial length 
of time. It is assumed however, that a similar 
deformation also occurs ahead of small stones.

A bar probably hampers the passage of 
ureteral stones.

The deformation of the ureteral wall ahead 
of a stone, the bar, can be reduced if the

pressure above the stone is reduced, i.e. low 
fluid intake, drainage of the upper urinary 
tract. The inflammatory reaction in the bar 
can be reduced by means of antiflogistic 
therapy. In a clinical trial it was shown that 
small ureteral stones passed earlier when 
oxyphenbutazone was administered.

Ahead of an artificial ureteral concrement 
in rabbit ureter peristaltic contractions were 
found which evacuated the urine in this part 
of the ureter.

It was shown that an empty ureter ahead 
of a concrement almost completely hampered 
the passage of it.

Spasm in the ureteral wall at the level of 
a concrement was never observed.

In a clinical trial it was shown that a 
spasmolytic drug, Papaverine, did not in
fluence the time of passage of small ureteral 
stones.

It was assumed that ordinary peristaltic 
contractions which evacuate the urine ahead 
of a ureteral stone, and not spasm, prevent 
the expulsion of a ureteral stone when the 
diameter of the stone is smaller than that of 
the ureteral lumen.

Small particles were found in the ureter 
above the stone. Clinical observations and 
model studies showed that these particles 
had a high specific gravity and could be 
packed just above the stone, obstructing the 
urine flow, when the patient was steady and 
the stone lodged in the most declivous part 
of the obstructed ureter. Ureteric colic which 
appears during sleep and is released when
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the patient moves and changes position may 
be explained by this phenomenon.

A high pressure outside an elastic tube 
hampers the passage of a firm body inside 
the tube. A high pressure outside the ureter, 
a high intra-abdominal pressure, hampers the 
passage of a ureteral stone. In the erect posi
tion the intra-abdominal pressure in bladder 
region is high. Most stones are arrested at 
this level.

In men the intra-abdominal pressure at 
bladder level is 10 cm H2O higher than in 
women, which may explain why ureteral 
stone disease is more common in men. The 
frequency of renal stones is similar in both 
sexes.

On traction from below the friction bet
ween a spherical body and an elastic tube is 
four times greater than when the body is 
forced downwards by a high pressure. It is 
assumed that these unfavourable conditions 
exist also at the extraction of ureteral stones. 
When the stone is sharp and large and lodged 
in the middle or upper ureter a traction 
beyond the tenacity of the ureter may be 
required to extract the stone.

In a clinical study it was shown that 167 
out of 170 stones smaller than 4 mm passed 
spontaneously.

Transuretral extraction of large stones is 
sometimes hazardous and of small stones 
often unnecessary.
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