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ABSTRACT

Background: Complications after endoscopic retrieval of kidney and ureter stones are obviously related to the size of
the stones as well as the experience of the surgeon and other factors. During the procedure it is sometimes difficult for
surgeons to estimate stone size and therefore give prognostic advises. The visual perception of the stone size depends on
the shape, colour, distance to the renoscope and dilatation of the ureter. This is the so-called binding problem, because
shape, color and direction of motion are processed separately by different population of optical neurons. In order to es-
tablish a better prognostic rational especially for less experienced surgeons, we established an intra operative semi-quan-
titative measurement of the stone size supported by a stone basket. Materials and Methods: We modified the tipped,
nitinol stone baskets from the company Urotech with diameters of 2.5, 3.0 and 4 FR. The handle of this basket has a
spring mechanism, which automatically closes the basket and provides a predefined fixation force of the stones within
the basket. On the handle we established a non-linear scale in mm by grabbing standardized balls or standardized
screws. Result: The scales are nonlinear because of the nonlinear relation between the diameter of the stone and the dis-
tance of the slider. Also the scales differ in between the basket size, because of the different strain conditions due to the
different wire sizes and materials or the spring and basket. Conclusion: This scale could be an important orientation for
a surgeon during endourological procedures to estimate stone sizes. After further clinical experience a semi-quantitative
visualization like green, yellow and red colors could help to predict potential complications due to large stone sizes.
Finally it could bevery interesting for other disciplines like gastroenterology.
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1. Introduction ney stones. Superelastic baskets are often used to ex-
tract the stone or to stabilize the stone during the inter-
vention [3]. But there are still complications based on
different reasons. One important factor for adverse
events is the experience of the surgeons with this chal-
lenging technique.

Elashry, O.M. et al. 2008 showed in a 15-year single-
centre experience of ureteroscopic management of lower
ureteric calculi a decrease in ureteric perforation from
3.3% to 0.5%, in ureteric avulsion from 1.3% to 0.1%
and in ureteric stricture from 0.7% to 0.1% [4].

A positive history of ureteral surgery, stones > 5 mm

An increase in the prevalence of urolithiasis to 5%, i.e.
an increase of 25 percent within 20 years, was ascer-
tained in Germany in 2000 [1].

The further development of instrumental technique
towards extremely thin and even flexible ureteroscopes
as well as modern lithotripsy procedures with various
energy sources has once again placed special emphasis
on endoscopic and percutaneous minimally invasive te-
chniques [2]. Procedures increasingly carried out in Ger-
many are endourological lithotripsy of ureteral and kid-
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Sometimes it is difficult for surgeons to estimate the
widths or diameter of the stone. The perception depends
on the shape, colour, distance to the renoskope and dila-
tation of the ureter. This is the so-called binding prob-
lem [6], because shape, color and direction of motion are
processed separately by different population of neurons [7].

In order to help to estimate the stone size and therefore
to potentially predict post operative adverse events we
implement an intra-operative, quantitative stone meas-
urement modifying an existing stone basket.

2. Material and Methods

We used nitinol standard stone baskets from the com-
pany Urotech with diameters of 2.5, 3.0, and 4.0 FR.

The handle was developed by Urotech together with
Prof. S. Lahme (Pforzheim, Germany).

This handle is characterized by several unique design
elements. It has an automatic fixation of the stone in the
basket with a spring mechanism and a dis- and recon-
nectable handle so that the endoscope can be removed
while the retrieval basket is situated and the handle af-
terwards can be reconnected again.

On the handle we established a non-linear scale in mm
by grabbing standardized balls, normally used for ball
bearings or standardized screws. The standard called
“DIN: Deutsche Industrie Norm™ for the balls and was
DIN ISO 281.

The grabbing force was provided by the spring me-
chanism of the handgrip Figure 1.

For the 2 mm diameter measurements with the 2.5 and
3.0 Ch. baskets we had to use cylindrical steel rods, be-
cause these two baskets could not grip balls with the di-
ameter of 2 mm. Smaller diameters than 2 mm were not
measurable.

We also tried to establish a scale on a handle of the 1.2
FR and 1.8 FR tipless baskets in order to establish this
measurement also for kidney stones.

Unfortunately this was not possible because of the
strong forces provided by the spring and the weak, thin
nitinol basket. After gripping a ball or a steel rod the han-
dle always went into the same position.

3. Results

Figure 1 shows the final handle with the scale. The scale
starts at 2 mm, because smaller balls or steel rods
couldn’t be differentiated on the grip. For the small di-
ameter of 2 mm we had to use cylindrical steel rods for
the 2.5 and the 3.0 Ch. baskets. These two baskets
couldn’t grip balls of this small size, because of the heli-
cal shape of these baskets.

The scale is nonlinear because of the nonlinear relation
between the diameter of the stone and the distance of the
slider and also because of the different materials of the
basket (nitinol) and the spring (stainless steel).
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Figure 1. On the handle we established a non-linear scale in
mm by grabbing standardized balls, normally used for ball

bearings and standardized cylindrical steel rods for the
smaller size.

The reason for this can be find in the different strain
conditions due to the difference in relation of stress and
strain of steel and nitinol (Figure 2).

While steel shows an increase in stress in the begin-
ning nitinol shows an increase in strain. The scales also
differ with the size of the basket (Figure 3) because we
used the same handle with the same spring force with
different diameters of the basket wires, so that thinner
nitinol is more deformed. Furthermore the closed posi-
tion of the slider is located in different positions due to
different basket sizes.

4. Discussion

Under experimental conditions and under consideration
of the used materials it is possible to measure stone di-
ameters with a stone retrieval basket. With this informa-
tion it might be possible to increase the safety and effec-
tiveness of endourological procedures because the sur-
geon is able to estimate the post operative prognosis
based on his own or known rational between stone size
and potential complications [7].

Based on this additional information during the pro-
cedure, we think that our scale could contribute to in-
crease the safety of endourological procedures, especially
for less experienced surgeons. Our proposal would be
that the scale has also a colored background beside the
numbers as shown in Figure 3 in order to have a brief
semi-quantitative measurement of the stone size. Based
on the above mentioned rational small stone sizes less
than 5 mm could marked with a green colour, medium
stone sizes between 5 and 8 mm could have a yellow
colour and stone over 8 mm could be marked with a red
colour (Figure 3).

The green area is based on the study of Abdelrahim
A'F. et al. 2008 [5] in which stones > 5 mm in width were
associated with a statistically significant higher incidence
of intra operative complications. The yellow area is just a
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Figure 2. stress and strain curve of nitinol and stainless steel:
At the beginning steel is not flexible and shows increasing
stress whereas nitinol shows a strain in the beginning and
only a moderate in stress [8].

2.5 Ch. 3.0 Ch. 4.0 Ch.

I

Figure 3. Proposal for a definitive scale for these tree dif-
ferent baskets (2.5, 3.0 and 4.0 Ch.). The nonlinear scale
differs because we use the same handle with different bas-
kets and the slider at the handle differs in closed position
due to different basket sizes.

proposal and should be further investigated. In the red
area the operating surgeon should manipulate very care-
ful.

Stone size is usually measured on radiological imaging
(Non Contrast CT or intravenous Pyelography). It is not
possible to measure a stone volume in an intravenous
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Pyelography or intra-operative, so it could be important
also from the forensic point of view to measure a stone
size before destroying a stone in the ureter. Also it could
be a useful tool in combination with a flexible ureter-
renoscopy (URS), whether the stone should be disinter-
grated before extraction. In a flexible URS the estimation
of the stone size is more difficult because of impaired
vision. Until now we couldn’t establish a scale on tipless
baskets but maybe some improvements of the basket
handle like changing the material of the spring could
solve this limitation.

The alloy of Nickel and Titanium is elastic so that the
force of the grab should be done with a standard power
as our grip dose with the spring. This flexibility is not
linear as the flexibility of steel resulting in the non-linear
scale (Figure 2).

However, ureteral stones have not the shape of ball
bearings or cylindrical rods but there is no other useful
form for a standard.

Until today the scale is only developed using non-
clinical, experimental methods, which currently limits
the conclusion of this study and further clinical investi-
gations based on new and modified baskets with this
automatically fixation handle are required to prove this
concept.

5. Conclusion

We think that our scale could be a contribution and im-
portant orientation for a surgeon conducting endouro-
logical stone retrievals to increase safety and effective-
ness of the procedure and further clinical investigations
based on new and modified baskets with this automati-
cally fixation handle required to prove this concept. Fi-
nally it could be very interesting for other disciplines like
gastroenterology.
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