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Abstract
AIM: To verify the performance of a lesion size mea-
surement system through a clinical study.

METHODS: Our proposed system, which consists of 
a conventional endoscope, an optical device, an opti-
cal probe, and a personal computer, generates a grid 
scale to measure the lesion size from an endoscopic 
image. The width of the grid scale is constantly ad-
justed according to the distance between the tip of the 
endoscope and lesion because the lesion size on an en-
doscopic image changes according to the distance. The 
shape of the grid scale was corrected to match the dis-
tortion of the endoscopic image. The distance was cal-
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culated using the amount of laser light reflected from 
the lesion through an optical probe inserted into the 
instrument channel of the endoscope. The endoscopist 
can thus measure the lesion size without contact by 
comparing the lesion with the size of the grid scale on 
the endoscopic image. (1) A basic test was performed 
to verify the relationship between the measurement er-
ror eM and the tilt angle of the endoscope; and (2) The 
sizes of three colon polyps were measured using our 
system during endoscopy. These sizes were immedi-
ately measured by scale after their removal.

RESULTS: There was no error at α  = 0°. In addition, 
the values of eM (mean ± SD) were 0.24 ± 0.11 mm 
(α  = 10°), 0.90 ± 0.58 mm (α  = 20°) and 2.31 ± 1.41 
mm (α  = 30°). According to these results, our system 
has been confirmed to measure accurately when the 
tilt angle is less than 20°. The measurement error was 
approximately 1 mm in the clinical study. Therefore, it 
was concluded that our proposed measurement system 
was also effective in clinical examinations.

CONCLUSION: By combining simple optical equipment 
with a conventional endoscope, a quick and accurate 
system for measuring lesion size was established.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Our suggested system, which combines a 
conventional endoscope, several optical devices and a 
personal computer, can measure a lesion size by super-
imposing a grid scale on an image of the lesion and ad-
justing the width adequately according to the distance 
between the tip of the endoscope and the target lesion. 
Endoscopists can measure lesions by comparing the 
size of the grid scale with the size of the lesion on the 
monitor. After a basic performance test, the first clinical 



endoscopic image, and to report the first clinical study 
observing and measuring the polyp sizes in the colons of  
several patients as a comprehensive evaluation.

MATERIALS AND METHODS
Our proposed system measures the size of  target lesions 
by displaying a grid scale (grid) on the endoscopic image. 
The width of  the grid is automatically adjusted in real 
time, depending on the distance between the tip of  the 
endoscope and the target lesion (herein referred to as the 
distance between objects: DBO). The shape of  the grid is 
distorted to match the aberration of  the endoscopic im-
age. The DBO is measured without contact between the 
endoscope and the lesion using a laser.

This system consists of  a conventional endoscope 
with an instrument channel, an image processor, an opti-
cal device, an optical probe, a personal computer (PC), a 
video mixer and a monitor (Figure 1). A laser Doppler-
type blood flow meter (FLO-N1, OMEGAWAVE.INC, 
Tokyo, Japan) was chosen as the optical device for our 
system. The optical probe (diameter: φ1.8 mm) consists 
of  two optical fibers connected to the optical device and 
inserted into the endoscope tip through the instrument 
channel. The low level laser (wavelength: 780 nm, output: 
3 mW) emitted from the optical device is illuminated on 
a target lesion through an optical fiber inside the probe 
(shown as a continuous line arrow in Figure 1). The light 
reflected from the lesion is received by the optical device 
through the other optical fiber in the probe (shown as 
a dashed line arrow in Figure 1). The received light is 
converted into an electric signal inside the optical device, 
which is output to a PC as an analog voltage (herein re-
ferred to as REFLEX). Because the amount of  received 
light changes according to the DBO and the optical de-
vice outputs a REFLEX equivalent to the amount of  re-
ceived light, there is a relationship between the REFLEX 
and DBO. Utilizing the characteristic that the REFLEX 
changes in relation to the DBO, the PC calculates the 
DBO on the basis of  the REFLEX and then generates 
an adequate grid width. The shape of  the grid is simulta-
neously distorted, corresponding to the aberration of  the 
endoscope lens. The adjusted grid is superimposed on 
an original image by a video mixer and displayed on the 
monitor.

To assess the efficacy of  our system, we examined (1) 
the measurement accuracy of  the DBO and the displayed 
grid; (2) the distortion correction; (3) the size adjustment; 
and (4) the measurement accuracy as basic verification 
tests. Thereafter, a clinical test was performed in which 
(5) the polyp sizes in the colons of  several patients were 
measured instead of  lesion sizes.

Measurement accuracy of DBO
The endoscope was fixed at right angles with a sheet of  
white paper as a target object. The DBO was adjusted 
every 5 mm between 10 and 40 mm. The mean REFLEX 
was obtained at each distance for 10 s (50 ms sampling 

4051 April 14, 2014|Volume 20|Issue 14|WJG|www.wjgnet.com

Oka K et al . A lesion size measurement system

study for 3 colon polyps was performed. In the clinical 
study, we confirmed that our measurement system ob-
tained a measurement accuracy of ± 1 mm when the 
tilt angle of the endoscope was less than 20°.
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INTRODUCTION
In recent years, the rapid progression of  endoscopic 
technology has enabled minimally invasive and precise 
screening/treatments using endoscopes in various regions 
of  the body. Concurrently, many techniques for measur-
ing the size of  a lesion during endoscopy have been pro-
posed. An endoscopic measurement method is strongly 
expected to not only improve endoscopic technology but 
to also assess the healing progress of  lesions, to moni-
tor organs in order to devise treatment strategies, and to 
analyze pathophysiology[1-6]. However, there has been no 
reliable measurement method used thus far. Thus, even 
though a lesion is discovered using an endoscope, en-
doscopists use only their own eyes to estimate its size[7,8]. 
The research and development of  measurement systems 
has tended to focus on improving the accuracy, which in-
creases the complexity and cost of  the system. Therefore, 
a measurement system has yet to appear on the market.

To solve these problems, we developed a novel sys-
tem for measuring lesion size. We aimed to establish and 
disseminate a technique based on the following five con-
cepts: (1) simple and easy measurement; (2) inexpensive 
installation; (3) retention of  conventional endoscopic 
operations; (4) accuracy on a practical level; and (5) dis-
seminative system.

As mentioned above, we added a simplified function 
for measurement to the endoscope, making our system’
s configuration as simple as possible. We also attempted 
to reduce the cost of  the entire system by using an inex-
pensive optical device that can be directly combined with 
a conventional endoscope. Due to the simplicity of  the 
measuring method and low cost of  apparatus installation, 
our measuring system will be useful, improve current 
technologies, and should spread widely. The measure-
ment of  polyps/lesions is an important process because 
size changes constitute useful information for determin-
ing an endoscopic treatment indication. Using this simple 
and easy method of  measurement, the information men-
tioned above can be readily acquired.

The aim of  this paper is to introduce our newly de-
veloped lesion size measurement system, which can be 
combined with a conventional endoscope, to present 
fundamental verification regarding the distortion of  an 



period) in air. Then, we assumed that the relationship 
between the DBO value LDBO and the REFLEX value VR 
could be represented by Eq. (1) The values of  α, calcu-
lated using power approximations, were constants that 
can be obtained from the data of  the aforementioned 
experiment. LDBO = αVR

β . Furthermore, the estimated 
DBO error ε D was obtained from Eq. (2), where LT is 
the actual DBO. ε D = |LT - LDBO|/LT × 100.

Distortion correction of grid shape
When an unbent grid was superimposed on the endo-
scopic image that was distorted by the objective lens, a 
measurement error occurred. Therefore, the grid shape 
was adjusted to match the distortion of  the endoscopic 
image. This adjustment was accomplished by displaying 1 
mm square patterns vertically on the digestive endoscope 
and adjusting the grid shape by superimposing the dis-
torted patterns on the endoscopic image.

Size adjustment of the grid
Because the size of  the lesion on the endoscopic image 
changes in relation to the DBO, it is necessary to adjust 
the width of  the grid in real time during an endoscopic 
examination. Therefore, relationships between the unit 
pixel number corresponding to the width of  the grid and 
the DBO were derived by displaying 1 mm square pat-
terns vertically on the digestive endoscope, adjusting the 
DBO every 5 mm between 10 and 40 mm, and measur-
ing each of  the actual grid sizes on the endoscopic image.

Accuracy of grid measurement
The accuracy of  the grid measurement was validated by 
displaying 1 mm patterns on an endoscope, superimpos-
ing the displayed pattern on a grid that was adjusted ac-
cording to the DBO, and measuring the differences. The 
DBO was adjusted every 5 mm between 10 and 40 mm, 
and the tilt angle of  the endoscope was adjusted every 
10° between 0° and 30°. The endoscopic image in Figure 
2 shows a corrected 5 mm square grid of  white lines su-
perimposed on 1 mm square patterns (DBO: 10 mm, tilt 
angle: 30°). The measurement error of  the grid, εM, was 
obtained by comparing the target area (size: 10 mm × 10 
mm, dashed yellow line) and four points (upper, lower, 
right, left), each of  which was 5 mm away from the cen-
ter of  the grid. Under these conditions, the measurement 
errors between the grid and the pattern are shown as 
white arrows.

Clinical study
This study, which included a gastrointestinal clinical 
study, was approved by the Investigational Review Board 
of  Fujita Health University (Aichi, Japan), and all patients 
gave written informed consent prior to participation. 
Before the clinical study, the 3 patients with colon pol-
yps received magnesium citrate and sennoside for bowel 
preparation. The colon conditions of  the patients did 
not affect the lesion size measurement because the bowel 
preparation resulted in a good, cleansed condition of  the 
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Figure 1  Diagram of the lesion size measuring system. DBO: Distance between objects.
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Figure 2  Endoscopic image with a 5 mm wide grid (distance between ob-
jects: 10 mm, tilt angle: 30°). The pattern of a 1 mm square (black solid lines) 
was observed endoscopically (DBO: 10-40 mm, tilt angle: 0°-30°), and the 5 mm 
wide grid (white solid lines) was superimposed on the original image. The mea-
surement errors (white arrows) were obtained by comparing the actual area (white 
dashed square line, size: 10 mm square) and four spots 5 mm away from the 
center of the grid (Upper, Lower, Right, Left). DBO: Distance between objects.
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sure the sizes of  colon polyps. The endoscopists mea-
sured the polyp size, which they could observe from the 
front using our system. After the clinical study, 3 colon 
polyps were removed by hot snare and immediately mea-
sured on a scale.

RESULTS
Measurement accuracy of the DBO
Figure 4 shows the mean REFLEX with the error range 
(n = 3); the figure shows that the REFLEX decreased 
exponentially with increasing DBO. Figure 5 shows the 
ideal line as a solid line using the estimated DBO (circle 
plots) derived from Eq. (1) (α  = 47.3555, β  = 0.7259) 
and the estimated DBO error ε D (square plots) derived 
from Eq. (2). The value of  ε D (mean ± SD) was 4.0% ± 
2.3%. Furthermore, the fact that the actual endoscopic 
examinations and treatments were performed using a 
sidelong view was taken into consideration. The results 
of  our error verification of  the measurements when the 
endoscope was tilted toward an object were as follows: 
5.6% ± 1.6% at 5°, 16.6% ± 1.5% at 10°, and 48.4% ± 
1.7% at 15°.

Distortion correction of grid shape
Figure 6 shows a grid shape (white lines) that was dis-
torted to match the pattern (black lines) of  the 1 mm 
square, as photographed by an endoscope. Images from 
before and after the distortion correction are shown in 
Figure 6A and B, respectively. The further away the grid 
was from the center, the more gaps occurred before the 
distortion correction. After performing the distortion 
correction, even the grids far from the center matched 
the distortion of  the endoscopic image.

Size adjustment of the grid
Figure 7 shows the relationship between the DBO and 
the pixel number, which defines the size of  the grid. The 
pixel number decreased exponentially with increasing 
DBO. Accordingly, when the endoscope tip approached 

colon. The conventional endoscope (OLYMPUS) was 
used, and the endoscope and the optical probe were ster-
ilized after each use by the same method as that used for 
a general endoscope.

The calibration of  the measuring system was per-
formed just before the clinical study as follows. The 
optical probe, which can emit a laser for DBO measure-
ments, was inserted into the instrument channel of  the 
endoscope. Then, the DBO was adjusted every 5 mm be-
tween 5 and 20 mm using a scale, and the REFLEX was 
obtained at each distance to derive Eq. (1). The shape of  
the grid was distorted to match the aberration of  the en-
doscopic image. The inside of  the lower lip was used as a 
calibration target (Figure 3).

In the clinical study, endoscopy was conducted on 3 
patients to validate whether this system was able to mea-

Scale

Laser

Backside of 
lower lip

Endoscope

Optical probe

DBO

Figure 3  Image showing distance adjustment. The scale is used to measure 
the distance from the endoscope tip to the inside of the lower lip directly. The 
probe irradiates the laser on the surface of the inside of the lower lip for DBO 
measurement. DBO: Distance between objects.
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the target lesion, the width of  the grid increased, and 
when the tip was retracted, the width of  the grid de-
creased. These relationships made it possible to adjust 
the grid width according to the DBO computed from the 
REFLEX in real time.

Accuracy of grid measurement
The relationships between the tilt angle of  the endoscope 
and the εM values were obtained at points left and right 
(Figure 8A) and lower and upper (Figure 8B). There was 
no error at the tilt angle of  0°; therefore, the results at 
this angle were omitted. The value of  εM increased with 
increasing tilt angle and DBO. These results also showed 
that the εM value for Upper were the largest.

For Upper, the values of  εM (mean ± SD) were 0.24 
± 0.11 mm at 10°, 0.90 ± 0.58 mm at 20° and 2.31 ± 1.41 
mm at 30°. If  the tilt angle was 20° or less, the εM accord-
ingly became less than 1 mm, which suggests that our 
system has sufficient accuracy. Therefore, in the clinical 
study, lesions that could be seen from a frontal view were 
chosen for size measurement.

Clinical study
The results of  the polyp size measurements in the colon 

are shown in Figure 9. The left line represents the en-
doscopic image during the measurement using the grids 
(thick line every 5 mm and thin line every 1 mm) in situ; 
the center line is the original image, and the right line is 
the polyp, which is removed after the measurement us-
ing a scale in vitro. The measurement errors in the clinical 
study, ε C, were derived from the results measured using 
the grid Dg and the results measured using the scale Ds 
and are listed in Table 1. Regarding the results, ε C were all 
within 1 mm. In conclusion, even if  an endoscopic image 
was distorted and the DBO value changed, the sizes of  
the lesions were accurately measured using our system.

DISCUSSION
Various methods for measuring lesion size have been 
proposed as endoscopic techniques have been developed. 
These methods can be classified into the following five 
categories: (1) comparative measurement; (2) image pro-
cessing; (3) optical rules; (4) laser diffraction grating tech-
niques; and (5) stereo endoscopy.

Method (1) is a comparison technique in which the 
size of  the lesion is compared to an object of  known size 
placed near the lesion as the measuring alternative[9-11]. It 
is one of  the simplest measuring techniques. However, 
because it is necessary to place the object right next to 
the target lesion, there is a possibility of  perforation by 
the object, such as biopsy forceps, of  measurement insta-
bility if  the object used is similar to a rubber disc, and of  
an unnecessary prolongation of  the examination time[12].

Method (2) is an image processing technique used to 
correct the distortion on an endoscopic image caused by 
wide-angled lenses for accurate measurement[13-16]. The 
calibration for the measurement is easy, but this method 
needs further refinement to correct for the tilt angles[17].

Method (3) is based on the enlargement ratio of  the 
image and uses the focusing mechanism of  the endo-
scope[18]. Its operability on the endoscope is good, but the 
variations in focus affect the measurement’s accuracy.

Method (4) is a technique that projects optical pat-
terns toward the target using a diffraction grating or 
a scanning mirror, and then, the size is measured by 
processing the image on the basis of  interferometry or 
triangulation[19-23]. Forthright measurement is unneces-

Pattern (black line, size: 1 mm × 1 mm)           Grid (white line, size: 5 mm × 5 mm)

Wide gap Narrow gap

A B Figure 6  Distortion adjustment of grid superimposed on the 
original image. A: A gap occurred between the pattern (black 
line) and the grid (white line) before distortion processing; B: A 
narrow gap occurred because the grid was distorted to match the 
pattern.
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sary, and this method has the advantage of  diameter and 
depth measurements. However, the measurement error 
increases in cases when the ulcer diameter is smaller than 
5 mm. There is also a concern about the initial cost of  
this method.

Method (5) is a technique that applies the parallax 
of  stereo endoscope lenses and measures the three-
dimensional shape of  the lesion with image processing by 
triangulation[24,25]. This method enables the measurement 
of  the distance and the volume of  lesions; however, the 
initial costs and measurement times are high.

These complicated tasks slow image processing, and 
the high costs of  implementing the methods stated above 
need to be improved. These problems inhibit the wide-
spread use of  these techniques in clinical practice.

However, the characteristics of  our novel lesion mea-
surement system are as follows: (1) The measurement er-
ror caused by a change in the DBO or by distortion in the 
endoscopic image is small; (2) Non-contact measurement 
is possible in real time; (3) The diameter of  the probe is 
only 1.8 mm, and all GI endoscopes except choledocho-
scopes have several channels greater than 2.0 mm in di-
ameter. Therefore, the probe can be combined with most 
conventional GI endoscopes[26]; (4) Special procedures 
for measurement are not required; and (5) Our system is 
feasible by simply attaching a laser for measurements to a 
conventional endoscope. A basic test and a clinical study 
were performed to verify the effectiveness of  our system.

From the basic test, it was confirmed that an accurate 
measurement on an endoscopic image was possible in 
cases when the tilt angle of  the endoscope tip was less 
than 20°. Furthermore, the measurement error decreased 
with decreasing tilt angle or increasing DBO.

From the clinical study, colon polyps were measured 
with an error of  less than 1 mm. As shown in Figure 9A 
and B, our system worked accurately because the endo-
scope could be used to observe the front of  a polyp that 
protruded from the colon wall. Furthermore, it success-
fully controlled the increase in measurement error due 
to the endoscopic tilt angle by increasing the DBO. As 
shown in Figure 9B, the tilt angle of  the endoscope might 
be wider than in the case of  Figure 9A. However, the 
polyp size was obtained at the lower part of  the grid with 
a small error, as shown in Figure 8B. Therefore, a small 
error was obtained in Figure 9A.

Small polyps and a polyp spread on tissue surfaces, 
as shown in Figure 9C, were also measured. Because the 
polyps were observed from the front with the endoscope, 

the measurement error was small (ε C < 0.8 mm). The 
measurement error increased in proportion to the in-
creasing tilt angle, as shown in Figure 8. Therefore, when 
observing small lesions at close range, it is desirable to 
observe them from the front as directly as possible. It is 
difficult to measure or observe small lesions with a large 
tilt angle of  the endoscope at close range in actual clinical 
settings. Consequently, lesions are most often observed 
under conditions that ensure a small measurement error. 
Thus, the sizes of  lesions are inevitably measured under 
conditions that provide good accuracy. When the lesion 
is in a narrow place, such as an esophagus, where the tilt 
angle for grid measurement cannot be controlled, we plan 
on attaining grid measurement by the image processing 
of  an endoscope image and the modification of  the grid 
form. Although the size of  the removed lesion is not the 
same as that of  the lesion before removal, we considered 
that there is almost no difference between the size of  a 
polyp that is immediately measured after removal and the 
size of  a polyp before removal. In addition, our measure-
ment system provides useful information for determining 
the lesion area and indications for endoscopic treatment, 
such as colon polypectomy, endoscopic mucosal resec-
tion, and endoscopic submucosal dissection.

In conclusion, our proposed system requires no 
special operation for the measurement of  lesion size. 
Therefore, endoscopists can easily obtain accurate results 
by conventional endoscopic techniques. In addition, the 
necessary equipment for these measurements includes 
an optical device, a PC, and software, which reduces the 
startup costs. A measurement error of  less than 1 mm is 
within a reasonable and permissible tolerance because the 
error is equivalent to or less than the errors obtained in 
previous studies[8,9,13,15,21,27].

In this study, the following results were obtained: 
(1) Our novel system for measuring lesion sizes can be 
combined with conventional endoscopes. Keeping the 
configuration of  the equipment simple reduces the initial 
cost of  the system. Although the laser Doppler blood-
flow meter was used in this research, this arrangement 
can apply to many simple/cheap pieces of  equipment 
in combination with an optical device; (2) Using a laser 
light, the measurement accuracy of  the DBO was con-
firmed to be 4.0% ± 2.3%; (3) To improve measurement 
accuracy, the width of  the grid had to be adjusted in real 
time and associated with the change in the DBO while 
the shape of  the grid had to be distorted to match the 
characteristic aberrations of  the endoscopic images; (4) 
From the verification test for the grid availability, mea-
surement errors occurred in the range of  a DBO be-
tween 10 and 40 mm and a tilt angle between 0° and 30°. 
The mean measurement errors for the target area (10 mm 
× 10 mm) were 0.24 ± 0.11 mm at a tilt angle of  10°, 0.90 
± 0.58 mm at 20° and 2.31 ± 1.41 mm at 30°. There was 
no error at a tilt angle of  0°. According to these results, it 
was confirmed that our system was able to measure accu-
rately when the tilt angle was less than 20°. Therefore, to 
measure accurately, it is necessary to observe the lesions 

Table 1  Measurement error for the sizes of colon polyps

Case No. Measurement results (mm2) Measurement
error (mm)

Using a grid in situ Using a scale in vitro ε c

Dg Ds
1 13.0 × 16.0 14.0 × 16.0 1.0
2 14.0 13.0 × 15.0 1.0
3 4 × 4 3.2 × 4.5 0.8
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from the front as much as possible; (5) A clinical study 
was performed to measure the sizes of  3 colon polyps 
using the grid and to then compare them with the actual 
sizes of  the polyps after removal. The measurement error 
was less than 1 mm. Therefore, it was concluded that our 
proposed measurement system was also effective in clini-
cal examinations; (6) This system is applicable in the fol-
lowing conditions: a lesion size of  16 mm (the maximum 
size of  the results of  the clinical study in case 1) or less 
and lesions observed from the front (tilt angle < 20°); 
and (7) The future aim for this technology is to improve 
the reliability of  the measurement accuracy of  our system 
by implementing its use in various clinical examinations.

COMMENTS
Background
Lesion size is traditionally measured by comparing the lesion to objects of 
known size (e.g., biopsy forceps) under an endoscope. However, this method is 
an onerous task for a doctor as he or she must place an object near or in con-
tact with the lesion. This new system that can measure the lesion size simply 
without contact has been developed, and the basic performance of our system 
has been verified.
Research frontiers
An endoscopic measurement method is highly expected to help in not only 
improving endoscopic technology but also in assessing the healing process of 
lesions, in monitoring organs to devise treatment strategies, and in analyzing 
pathophysiology. Several techniques for measuring the size of a lesion during 
endoscopy have been proposed, such as the comparison technique and the im-
age processing technique. However, these techniques are not simply or easily 
performed by endoscopists.
Innovations and breakthroughs
A lesion size measurement system was achieved by combining a conventional 
endoscope with a simple/cheap optical device. Keeping the configuration of the 
equipment simple reduces the initial cost of the system. In addition, the system 
does not require any special operation.
Applications
The study’s results suggest that by combining simple optical equipment with 
a conventional endoscope, this lesion size measurement system requires no 
special operation for the measurement of lesion size. Further, endoscopists can 
easily obtain accurate results using conventional endoscopic techniques.
Peer review
The authors have developed a new measurement system using a laser. Using 
this system, it is possible to measure accurately, with an error of less than 1 
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