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Resolution and magnification of the laparoscope:

An observational analysis

Jesus Flores Armenta MD,* Asif Igbal MD,** Alexandro Elizalde Di Martino MD***

Abstract

Background: A laparoscope is an optical instrument that allows
visual examination of body cavities and internal organs that are in-
accessible for direct viewing. Resolution and magnification are two
of the optical properties that are important for minimal access sur-
geons. In principle, the resolution of the laparoscope depends on
the lens’s diffracting index, the magnification achieved, and the en-
vironmental light used at the moment in which the measure is taken.
Regarding magnification, it is known that a higher resolution can be
achieved with a higher magnification.

Aim: To assess magnification and resolution of a standard laparo-
scope through observational methods.

Seat: Surgical Skills Unit. Ninewells Hospital & Medical School,
Scotland, UK.

Material and methods: Two observational experiments were car-
ried out in order to determine the resolution and magnification of the
0° telescope. A 1 cm chart grid was used to test the magnification
and resolution at different telescope-target distances. In the first
experiment, which was carried out in order to determine the resolu-
tion threshold, the variables used were the distance between the
image and the tip of the telescope, and the intensity of light. A pho-
tometer was used to measure the light intensity. In the second ex-
periment, the same 1 cm square grid was used. The telescope was
placed at 5, 10, 15, and 20 cm from the square grid, and the magni-
fication ratios were obtained dividing the measures of the grid im-
age displayed in the monitor by the real grid measures.

Results and conclusions: The study showed that the intensity of
light that falls directly on the object being viewed through the tele-
scope, and the magnification provided by the lens system, are both
related to the telescope’s resolution. The results suggest that the
resolution is enhanced as light intensity increases. On the other hand,
resolution increases when magnification is increased.

Key words: Telescope, laparoscope, Hopkins rod-lens, resolution
and magnification.
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Resumen

Introduccidén: El laparoscopio es un instrumento 6ptico que permi-
te la exploracién visual de las cavidades y érganos del cuerpo hu-
mano que son inaccesibles de una visualizacion directa. La resolu-
cién y magnificaciéon son dos de las propiedades dpticas que son
importantes para el cirujano de minima invasién. En principio, la
resolucién del laparoscopio depende del indice de difraccién del
lente, la magnificacién obtenida por el sistema 6ptico y la cantidad
de luz que cae sobre el objeto observado. Con respecto a la magni-
ficacion, sabemos que una mayor resolucién puede alcanzarse con
una mayor magnificacion.

Objetivo: Determinar por medios observacionales la magnificacion
y resolucién alcanzada por un laparoscopio.

Lugar: Surgical Skills Unit. Ninewells Hospital & Medical School,
Scotland, UK.

Material y métodos: Dos experimentos observacionales fueron lle-
vados a cabo para determinar la resolucién y magnificacion alcan-
zada por el laparoscopio de 0°. Una hoja cuadriculada de 1 cm fue
utilizada para probar la magnificacién y resolucion del telescopio a
diferentes distancias del objetivo. En el primer experimento, reali-
zado para determinar el umbral de resolucién del telescopio, las
variables utilizadas fueron la distancia de la punta del telescopio al
objetivo y la intensidad de la luz. Un fotémetro fue utilizado para
medir la intensidad de la luz. En el segundo experimento, la misma
hoja cuadricula fue usada y el telescopio fue colocado a 5, 10, 15,y
20 cm de la cuadricula. La medida de la imagen cuadriculada obte-
nida en el monitor fue dividida entre las medidas reales de la cua-
dricula para obtener los cocientes de magnificacion.

Resultados y conclusiones: El estudio demostré que la intensi-
dad de la luz que cae directamente sobre el objetivo observado a
través del telescopio y la magnificacién obtenida por el sistema 6p-
tico, estan relacionadas con la resolucién. El resultado sugiere que
la resolucién se incrementa si la intensidad de la luz se incrementa.
Igualmente, la resolucién también se incrementa si se incrementa
la magnificacion.

Palabras clave: Telescopio, laparoscopio, telescopio Hopkins, re-
solucién y magnificacion.

INTRODUCTION

laparoscope is an optical instrument, which allows visual
examination of body cavities and internal organs that are
inaccessible for direct viewing. The laparoscope consists of an
optical system that carries illuminating light to the region being
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Figure 1. Traditional and Hopkins rod lens telescope. (Extracted
from Storz’s catalog endoscopic surgery 2™ edition 1/93).

viewed, and an optical system formed by lenses that carry the
image from the region back to the eye or camera.' This rigid
endoscope is based on the IRIL (inverted real-image lens) opti-
cal system, which creates a real and inverted image of the sub-
ject. In the Hopkins rod-lens system, light is transmitted through
glass columns instead of small lenses placed at certain intervals
(Figure 1). These changes resulted in improved light transmis-
sion, colour definition, and image quality.>

Resolution and magnification are two of the optical pro-
perties that are important for minimal access surgeons. Vi-
sual resolution is defined as the ability to resolve a spatial
pattern separated by a visual angle of one minute of arc. Con-
sider that a circle contains 360 degrees. One degree contains
60 minutes. Therefore, a visual angle of one minute of arc is
1/60 of a degree. The resolution achieved by the endoscope
depends not only on the endoscope’s optical properties, but
also on the properties of the eye or camera. In principle, the
resolution of the laparoscope depends on the diffracting in-
dex of lens, the magnification achieved, and the environmen-
tal light used at the moment in which the measure is taken.

Regarding magnification, it is known that higher resolu-
tion can be achieved with higher magnification. Magnifica-
tion relates to the apparent size of an object as the eye ob-
serves it. Since the apparent size of an object varies depen-
ding on the angle that the object subtends at the front focal
point of the eye, some arbitrary choice of distance must be
made in order to define visual magnification. For the case
of nearby objects viewed by an endoscope, the viewing dis-
tance adopted is 250 mm. Thus, visual magnification is de-
fined as the ratio of image size to object size, when the ima-
ge is positioned 250 mm from the eye. For rigid telescopes,
this magnification is given by the product of the linear mag-
nification of the objective (m0) and the visual magnifica-
tion of the eyepiece (me). Commonly, the product M= m0O
me is near unity.'?

Resolution and magnification of the laparoscope

An analysis based on wave optics indicates that the detail
that can be resolved by the eye is limited by the diffraction
patterns produced by the pupil. It is known that the resolu-
tion of the average eye is approximately 0.10 at 250 mm.
Thus, if the endoscope magnification is M, a viewer with
normal vision can resolve 0.10/M mm. Nevertheless, as the
distance of an object increases, the distance between the image
and the eye also increases, and visual magnification and re-
solution are reduced. The highest resolution is obtained when
the object is at a distance from the objective, which produces
an image at the near point of the eye. In other words, the
highest resolution is achieved when the image is in focus.

In order to assess resolution and magnification of the tele-
scope, observational experiments were carried out with the
aim of finding the telescope’s magnification and resolution
by changing the telescope-target distance and the light inten-
sity. As stated before, magnification is strongly related with
resolution, thus this will allow us to determine the resolution
of the telescope.

MATERIAL AND METHODS

Two observational experiments were carried out in order to
determine the magnification and resolution of the 0° laparos-
cope. A 1 cm square grid chart was used to test the magnifi-
cation and resolution at different telescope-target distances.
The grid was divided into 100 tiny 1-mm squares and placed
inside a trainer box. In the experiment carried out in order to
find the resolution threshold of the telescope, it was placed
in the holder arm. The 450 V xenon cold light source was set
up at 5%, and the intensity of light was measured with a pho-
tometer. Then, the researchers moved the telescope to the
farthest distance at which the image viewed by the eyepiece
of the telescope could be resolved. The distance between the
tip of the endoscope and the grid was measured with a com-
mon ruler. The same was done changing the light intensity of
the light source to 55% and 95%.

The second experiment was carried out in order to deter-
mine the magnification of the laparoscope. The same 1 cm
square grid was used in this experiment. The telescope was
placed at 5, 10, 15, and 20 cm from the square grid. The grid
was displayed into the monitor and then measured for each
telescope distance. The magnification ratios were obtained
dividing the measures of the grid image displayed in the
monitor by the real grid measures. In the test, the camera’s
zoom remained a constant.

RESULTS
Table 1 shows the resolution threshold of the telescope with

different light intensities. The differences that were obser-
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Table 1. Resolution threshold of the telescope with
different light intensities.

Subject Light intensity Photometer Distance
1 5 0.57 mV/cm?2 23.5cm
1 55 1.84 mV/ cm? 27.5cm
1 95 2.16 mV/cm?2 31.1cm
2 5 0.57 mV/cm?2 17.1 cm
2 55 1.84 mV/ cm? 19.3 cm
2 95 2.16 mV/cm?2 21.5cm

Table 2. Resolution in relation to telescope magnification.

0° Telescope
target distance

Magnification
Ratio TV monitor

Telescope
resolution (mm)

5cm 6 0.01
10 cm 3.3 0.03
15cm 2.2 0.04
20 cm 1.75 0.05
33 cm 1 0.10

ved in the achieved resolution between the two researchers
are expected, because normal differences in visual acuity exist
between subjects.

Table 2 illustrates the results of telescope magnification
in each position. The ratios were obtained dividing each mea-
sure obtained at the different positions by the original mea-
sure. Therefore, following the equation of resolution 0.10/M
mm, the telescope can resolve at 5 cm 0.10/6 mm, at 10 cm
0.10/3.3 mm, at 15 cm 0.10/2.2 mm, at 20 cm 10/1.75 mm,
and at 33 cm 0.10/1 mm.

DISCUSSION

The laparoscope is the eye of the laparoscopic surgeon; there-
fore, it is important to count on a high quality telescope. When
examining a telescope’s quality, one should determine its re-
solution, depth of field, optical light transmission, viewing
angle, and chromic aberration.* Since the telescope is built with
a lens, the laws of optics limit its resolution.’ In other words,
the telescope is the product of the quality of the lens used in its
construction and the wavelength of light used in its measure-
ment. Moreover, magnification is also linked with resolution.!

The study showed that the light intensity that falls directly
on the object being viewed through the telescope, and the
magnification provided by the lens system, are both related
to the telescope’s resolution. The results suggest that the re-
solution is enhanced as light intensity increases. On the other
hand, resolution increases when magnification is increased.
The results also illustrate that the resolution of the telescope
is similar to the resolution of an average normal eye. In fact,
the resolution of the telescope is not a problem at the mo-
ment, because video chip cameras currently used in minimal
access surgery have lower resolution than telescope optics.>

The resolution of the telescope was tested in an empirical
way. However, the true resolution of the telescope can only be
proved by using the formulas provided by the physical laws of
optics. Diffraction, lens aperture diameter, and light wavelength
have to be taken into account in order to determine the resolu-
tion of the telescope. This study cannot be carried out in a scien-
tific way because a device that measures the wavelength of light
cannot be obtained. However, the results of this experiment give
us a good idea of the resolution and magnification achieved by
standard telescopes used in minimal access surgery.
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