
PROCEEDINGS OF SPIE

SPIEDigitalLibrary.org/conference-proceedings-of-spie

Quantitative assessment of
degradation of the optical quality of
rigid endoscopes in clinical practice

Noordmans, Herke, Kruit, Sander, Stroosnijder, Patrick,
van den Brink, Henk, Verdaasdonk, Rudolf

Herke Jan Noordmans, Sander Kruit, Patrick Stroosnijder, Henk van den
Brink, Rudolf Verdaasdonk, "Quantitative assessment of degradation of the
optical quality of rigid endoscopes in clinical practice," Proc. SPIE 6849,
Design and Quality for Biomedical Technologies, 68490K (12 February 2008);
doi: 10.1117/12.763562

Event: SPIE BiOS, 2008, San Jose, California, United States

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 06 Feb 2020  Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

Quantitative assessment of degradation of the optical quality of rigid 
endoscopes in clinical practice 

Herke Jan Noordmans, Sander Kruit, Patrick Stroosnijder, 
Henk van den Brink, Rudolf Verdaasdonk 

Dept. of Medical Technology and Clinical Physics, University Medical Center Utrecht, 
Heidelberglaan 100, 3584 CX Utrecht, The Netherlands. 

Correspondence: h.j.noordmans@umcutrecht.nl. 

ABSTRACT 

To improve efficiency and diagnostics, an optical testbench was developed for routine assessment of the optical quality 
of endoscopes during their lifespan. An endoscope is positioned on an optical bench looking at a small LCD screen 
showing computer generated test targets.  Images through the endoscope are captured by a high-resolution USB-2 
camera, analyzed with dedicated software and stored in a database. Additionally, the transmission of the illumination 
fibers of the endoscope is determined using a calibrated LED light source and a photo cell. The database enables the 
tracking of the degradation of each endoscope over time and comparison with other endoscopes of the same type. Using 
the data collected and the optical quality of new endoscopes as reference, criteria are developed to reject endoscopes at 
some point in their lifespan. Experience with the optical testbench over the last two years shows that: 1) Optical quality 
can be measured reproducible over time, 2) degradation in optical quality is often gradually, but may also occur 
suddenly, and 3) there is a large variation (>20%) in optical quality of new or repaired endoscopes. Routine quantitative 
assessment of the optical quality of endoscopes will contribute to the efficiency and the quality of surgery. 
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1. INTRODUCTION 

In hospitals engineers of department of medical technology are frequently confronted with complains from clinicians 
that something is wrong with an endoscope, for example, that the image is “bad” or that there is insufficient light1,2. As 
the endoscope is often used in combination with camera systems, the problem is more complex since the image quality 
can be related to one of the components in the ‘endoscope image chain’: The light source, the fiber light cable, the 
endoscope, the camera, the camera unit or the video screen. To assess the quality of each component in this chain, 
various measurements can be applied: 

- The light source can be checked with a lux or power meter. It usually degrades slowly. The light bulb is 
replaced when the intensity becomes too low or after the life-span advised by the manufacturer. 

- Fiber light cables can be checked with simple device consisting of a small LED and photo diode. Cables with a 
transmission below a certain threshold are rejected and replaced. 

- The camera and camera unit are electronic devices which could gradually deteriorate but also become defective 
abruptly showing missing pixels, missing color bands, increased noise etc. This can be determined visually. 

- The video screen can be calibrated with a monitor calibration tool. When the calibration can not be performed 
within specifications, the screen needs to repaired or replaced. 

- The endoscope is the most fragile and complicated part as various defects may occur increasing over time3. As 
it is sterilized (either with steam at 134 ºC or in a ‘disinfector’ at 60 ºC with aggressive cleaning solutions and 
disinfectants) before each clinical procedure, glue and lens coating change in consistency and color. Also 
improper handling of the endoscope may lead to breakage or glass slivers of the lenses or bending of the tube 
(Figure 1). In addition, exposure to X-rays during fluoroscopy leads to change in imaging properties of the lens 
coatings as they become more yellowish over time and more opaque. 
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Figure 1 Types of damage to endoscope lenses: Lens break, sliver, water vapor. (Courtesy Storz Germany)3. 

As the quality of the endoscope is often difficult to quantify visually by the naked eye, we have developed a test bench 
to determine the optical quality of an endoscope in a quantitative way. Its main design goal was to give a quick answer 
on the question whether the optical quality of the endoscope would still be suited for clinical use. In this paper we will 
present our progress in achieving this goal. 

2. MATERIALS & METHODS 

An endoscope is tested in two steps. In the first step, the illumination fibers of the endoscope are tested by measuring 
the amount of light coming through the illumination fibers. In the second step, a digital camera captures the image 
through the imaging pathway of the endoscope which is analyzed in a computer system. This computer system puts the 
results in a database to track the optical quality of different endoscopes over time. 

2.1 Transmission measurement illumination fibers 
The transmission of the illumination fibers is determined by measuring how much light from a high power LED is 
coming through the illumination fibers of the endoscope and projected on a photo diode4 (Figure 2). The signal from the 
photo diode is amplified and sampled with an analog digital converter and transferred into the computer. After 
calibrating the measurement by holding the power LED directly in front of the photo diode (the so called 100% value), 
the power LED is connected to the endoscope and the amount of light coming through the endoscope is measured. 
These measurements are stored in a database together with its day of measurement to track changes in transmission 
values over time. 
 

 

Figure 2 Measurement transmission illumination fibers. 
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2.2 Measurement imaging pathway 
The imaging pathway of the endoscope is checked by displaying test targets on a liquid crystal display (LCD) and by 
grabbing the images seen by the endoscope using a high resolution USB2.0 camera. The use of a LCD has a great 
advantage over fixed targets like photographic slides or on cardboard in that the targets can be changed electronically 
quickly and be replaced with a high accuracy and reproducibility. A minor disadvantage is the relative low intensity of 
the LCD by which long integration times (400 ms) of the camera are needed. This requires also adequate shielding from 
surrounding light as light bulbs and neon lights give strong reflections on the LCD. As the intensity of the LCD depends 
on its temperature and its on-time, a light sensitive sensor is placed directly on the LCD to calibrate the screen. 
 
The following targets are displayed on the LCD: A black and a white target are shown to determine the background and 
foreground level of the endoscope and to detect change in color. Blocked patterns are used for calculating distortion or 
seeing local abnormalities. Line patterns are used to calculate contrast plots, contrast as a function of spatial frequency. 

2.2.1 Calculation of contrast plots 
Contrast plots are used as the main measure to determine the quality of the imaging pathway. It is designed to give the 
contrast for different spatial line frequencies. It is expected that when the imaging pathway becomes less clear, the 
contrast drops for higher frequencies. The contrast for a captured image of a spatial line pattern is calculated by 
determining the distance between the histogram peaks of the white and black lines.  

2.3 Mechanical considerations 
As the optical measurements of the endoscopes need to have a high reproducibility over time, high mechanical stability 
is required of the endoscope test bench. This is somewhat contradictory to the demand that the bench also needs to 
accommodate for a large variety of endoscopes, from 50 cm long and 10 mm thick laparoscopes to 10 cm short 4 mm 
ENT endoscopes. Also endoscopes have a large variety in view angles (0, 30, 45, 70, 90, 120 degrees). This is solved by 
using an optical rail which can be rotated to the appropriate view angle, and by mounting the camera directly on an 
electronic ruler to accurately reposition the tip of the endoscope (Figure 3). To block background light, a black box 
covers the LCD screen and the tip of the endoscope during the measurements. 

2.4 Software 
Special software has been developed to register the AD values of the photo diode and process the digital image captures 
(Figure 4). Captured images and measured values are stored in a database to track the optical quality of the endoscope 
over time.  In addition to showing plots of the transmission of the illumination fibers and the contrast of the imaging 
pathway, the system also enables visual comparison of images captured at different time points of the same endoscope 
or of endoscopes of the same type. There are two options in doing the comparison. The first option is to compare with 
the first measurements ever done with a particular endoscope. In this way, one can check whether the optical quality of 
newly bought endoscopes correspond to what has been bought before. The second option is to compare with the last 
measurements ever done with an endoscope. In this way, one can check whether one rejects endoscopes on the same 
criteria as one has done in the past. 
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Figure 3 Overview of endoscope test bench. 

 

Figure 4 User interface of endoscope test bench showing effect of breakage of lens sliver. 

Light cover containing 
LCD display and 
photo detector. 

Camera mounted 
on electronic ruler. 

Proc. of SPIE Vol. 6849  68490K-4

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 06 Feb 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

3. RESULTS 

The first series of measurements performed were focused on the reproducibility of the system in measuring the optical 
quality of endoscopes. Additionally, the first series of measurements were performed on the optical quality of 
endoscopes routinely used in our hospital using a calibrated LCD screen.  

3.1 Reproducibility of measurement 
To test the reproducibility of the endoscope measurements, a zero degree, 4 mm endoscope of 50 cm length served as 
reference and has been tested from July 2007 to December 2007. The resulting contrast and transmission plots are 
shown in Figure 5. It demonstrates that the temperature sensitivity and on-time effect of the LCD screen can be 
corrected largely with the screen detector. Still, a considerable variation remains, which has to be included in the 
consideration to accept or reject new or repaired endoscopes. The transmission measurements fairly remain constant 
over time (10% change over two year time, Figure 6). 

 
Figure 5 Reproducibility of contrast plot over 14 measurements of the reference endoscope during the months 

July-December 2007. Left without screen intensity calibration, right with. 
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Figure 6 Results of 38 illumination fiber transmission measurements of the reference endoscope from 2005 to 2007. 
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3.2 Results clinically used endoscopes 
As an illustration of what can be expected with clinically used endoscopes, we measured at three dates the optical 
characteristics of 9 arthroscopes. When looking at the contrast plot of arthroscope 828838, one sees that the contrast 
plot drops significantly at December 4th.(Figure 7). By inspecting the individual images, it appears that the arthroscope 
had become leak and water vapor could enter the tube creating a hazy image (Figure 8). To see whether we could reject 
this arthroscope on the same criteria as the other arthroscopes, we also display the contrast plots of the other endoscopes 
at their last measurement date, where after they may have been rejected. We see that the contrast plot of arthroscope 
828838 is clearly lower, so that the rejection is justified. 

As another example we can look at the illumination transmission plots of these 9 arthroscopes. The 
illumination transmission for most arthroscopes seems to degrade slowly over time, but for one arthroscope (695305) 
the illumination transmission increases considerably. It appeared that the arthroscope was repaired in the mean time but 
still the same serial number was used. This example shows that system enables the hospital to easily determine the 
quality of endoscope repair. 

 

Figure 7 Contrast plot of arthroscope 828838 at three different dates. The image has clearly deteriorated.  

   

Figure 8 Images through seen arthroscope 828838 at different dates. Note that influence of water vapor on the image of 
December 4th. 

Aug 1st 2007 Sep 17th 2007 Dec 4th 2007 
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Figure 9 Contrast plot of arthroscope 828838 compared to contrast plots of other arthroscopes of the same type when they were 
measured the last time. This gives insight whether this arthroscope 828838 is rejected on the same criteria as other 
arthroscopes. 

 

Figure 10 Illumination transmission plots of 9 different endoscopes of type Storz 28721 BWA at three time 
stamps. The illumination paths seem to degrade slowly over time. Note the strong increasing line of 
endoscope 695305 which was sent in for repair and came back with remarkably better transmission. 

4. DISCUSSION 

We presented a test bench to determine the optical quality of endoscopes during their clinical lifetime. The test bench is 
optimized to minimized the number of manual steps, so that it can be performed in a short time semi-automatically. The 
test bench has been designed such that measurements can be performed with high reproducibility. Although the system 
is well suited for clinical usage, there are several issues one should be aware of: 

The measurement values can not be interpreted as absolute values as the system is not a real endoscopy system 
where every component optimally fits to another. For example, the high power LED has a large emission angle by 
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which it is not optimally coupled into the fiber bundle, so a 100% transmission will never be possible. Also, the focus of 
the adapter between the endoscope and the camera is usually set such that an optimal image is created from the body 
cavity while the focus is fixed in the test bench as it influences the contrast values directly. The relative values can be 
used to compare one endoscope type during its lifetime or between endoscopes of the same type for acceptance after 
being bought or for rejection at the end of its lifetime. 

The criteria to accept an endoscope after acquirement or to reject it at the end of its life-time depend not only 
on degree of degradation but also on the clinical application it is being used for. The database must also contains these 
relevant data to determine acceptance and rejection criteria. 

With this test bench, it is now possible to obtain quantitative data on the quality of endoscopes. However, it is 
still under discussion where and by whom the test will be performed in the clinical logistic process chain: Operation 
room (OR) -> Central Sterilization Unit (CSU) -> OR. Should people from the OR check the endoscopes or people from 
the CSU? As the latter often claim to be responsible only for sterilization and not for the quality of clinical instruments, 
the department of Medical Technology might play the key role in this quality chain but,  however, are not a natural link 
in the logistic process chain . Another point of discussion is the frequency at which the endoscopes need to be checked: 
Do they deteriorate gradually or with sudden jumps? In the near future, these issues may be answered with the help of 
our test bench and additional data in the database. 

Compared to other endoscope test systems like the EndotesterTM, 5 and the EndoBenchTM, 6, our endoscope test 
bench is designed for practical use in a clinical environment. It does not measure optical properties like distortion, 
intensity profile and fiber counting but produces rather fast an objective measurement whether the endoscope is still 
acceptable for clinical usage or is not. It should be used as a quality check device to see whether to accept endoscopes 
when they are new or repaired and when to send in endoscopes in an objective manner. On the other hand, it can also be 
used to see how endoscopes degrade and which clinical factors influence this degradation. 

5. CONCLUSIONS 

The endoscope test bench described in this paper, has proven sufficient stability for quantitative assessment of the 
optical quality of endoscopes, for both the illumination pathway with light source and detector as the imaging pathway 
with flexible test targets and a digital camera. The first measurements showed a large variation in optical quality of 
clinically used endoscopes. As the rejection criteria of the optical quality of endoscopes are still undetermined, only the 
worst endoscopes were send in for repair. 

In future, more data will be collected on clinically used endoscopes. Tests on new endoscopes will help to 
determine the acceptation criteria, while periodic tests on clinically used endoscopes and feedback from the surgical 
field will help to establish reliable rejection criteria. 
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