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complex procedures and have recently introduced new modalities that 
are gaining wide popularity, such as robotic surgery and single-port 
approach (SILS). Many procedures that were previously considered 
contraindicated for laparoscopic approach are currently indicated 
and performed via laparoscopy in a standardized fashion such is the 
case in colorectal, gastric, hepatobiliary and bariatric surgery, among 
others, which is why it became one of the main tools used now by 
general surgeon worldwide.1,2

Technological innovation advances hastily and the availability 
of powerful devices at lower costs increases constantly. The global 
distribution and use of smartphones makes them a practical and 
promising technology in medicine.3,4 Each day there’s an increasing 
number of technological developments and applications to be used 
on smartphones in order to improve and democratize healthcare;5 
improvements and updates of portable devices are becoming more 
sophisticated and diverse.6 Currently three quarters of the population 
has access to mobile phones, and only in Venezuela there are at least 
11.265.902 smartphone users;7 the growth of the industry is such 
that  it  is estimated that by 2017 there will be more mobile phones 
than people in the world,8 which is why it can be considered that these 
devices play a critical role in many aspects of our lives. Among many 
benefits, smartphones have the capacity for global interconnectivity 
which makes  them  a practical and promising resource in the field 
of medical sciences, creating paths to improve the quality of health 
services, with the added benefit of lowering costs.9

In the last 5years there has been an evident tendency to incorporate 
these technologies in different aspects of medicine (preventive, 
diagnostic and therapeutic)10,11 so much in fact that the World Health 
Organization acknowledged that mobile and wireless technology 
has the potential to transform the way healthcare is provided around 
the world and has established the term “electronic health” (eHealth) 
to define the use of information technologies and communication 
as a backup in the practice of health sciences, including the provision 
of services, health screening, access to medical literature, education 
and research. 12 The term “mHealth” (mobile health) has emerged as a 

subdivision of the eHealth, and it’s used to define medical and public 
health practice supported specifically by the use of mobile devices 
and smartphones, tablets and PDAs.  MHealth is currently pushing 
the limits of how doctors acquire, transport, store, process and share 
information in order to provide useful results, so much in fact that 
medical applications are now a point of encounter between many 
healthcare profesionals.13

Modern endoscopy has become a necessary tool for diagnosis 
and treatment in many clinical specialties: thoracic surgery, 
gastroenterology, urology and coloproctology to mention 
some.14,15  Due to advances in technology of conventional flexible 
endoscopy such as smaller endoscopes, LEDs and miniaturization of 
the camera, these procedures have been transferred from the operating 
room to the consult, and although it is undoubtable that the quality 
of traditional equipment has been improved in all respects, unlike 
mobile technology (laptops, tablets and smartphones), the cost of 
endoscopes and their essential accessories (light source, monitor, 
HD cameras) is steadily rising,16 therefore restricting the use of these 
major technologies in most health centers.

Currently all smartphones have HD cameras;  by aligning this 
camera with a 32mm scope, a sharp image can be captured and 
the autofocus and aperture mechanisms used by the smartphone 
camera allow the digital reconstruction of the image in HD display 
of the device,17  allowing thus the use of its primary display or the 
use of a secondary monitor while the procedure is simultaneously 
recorded.  The volume of the data of this videos can be lowered 
significantly immediately after it has been recorded, with little loss in 
the quality of audio/video18 so that the information can be sent via mail 
or instant messaging applications providing thus documentation and 
allowing the possibility for teleconsultation,19 particularly in situations 
involving decisions based on findings where  it  is critical  to  have 
specific visual cues in order to provide an accurate diagnosis.20

The key element to yield a device with these characteristics is 
an adjustable base that secures the 32mm scope without causing 
movement prevents filtration of ambient light and does not compromise 
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Introduction
Laparoscopic surgery also known as minimally invasive surgery 

has revolutionized the surgical field for the past 20years, it has gained 
popularity and acceptance among both surgeons and patients thanks to 
its advantages including postoperative pain reduction, early recovery, 
smaller incisions and shorter hospital stay. Recently there has been a 
staggering development of techniques, equipment and instruments; the 
technique has progressed from simple surgical procedures to advanced 
levels, so much that surgeons have been performing successfully more 
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the quality of the image. This article describes an assembly system 
that transforms a smartphone into a portable endoscopic mobile unit 
and it’s compared to a conventional endoscopic device.

Materials and methods
The work here presented is a comparative, simply blinded, 

experimental study.

Adaptation of portable laparoscopic device

The aim of the device is to temporarily secure in a stable manner 
the smartphone through a base (Figure 1) with adjustable clamps that 
in turn allow the coupling of a 32mm scope through a safety ring 
that applies uniform radial pressure around the circumference of such 
optical piece, converting thus the ensemble in an operative, portable 
endoscope. The base as a whole was assembled using commercially 
available components and accessories handcrafted for this study 
in order to transmit the image of a laparoscopic optic to a portable 
phone (Apple Iphone 6S, Apple Inc, Cupertino CA) in camera mode, 
with which we obtained a combined image with an effective focal 
length of approximately 18mm. This configuration was tested with a 
laparoscopic scope Gimmi Alphascope II ø 2,7mm 30°, resulting in a 
centered image created entirely on the camera lens system and the 
mobile device. The difference in the size of the image is compensated 
by the digital zoom that allows filling the whole of the screen with an 
image of high definition of excellent quality. For the light source, we 
used a 10W LED flashlight of commercial use with a color temperature 
of 9.500K, 140Lx illumination, 45-degree operating temperature and 
it was adapted to connect to the input of any Olympus/Storz scope 
(Figure 2). 

Figure1 Acrylic base to couple smart phone. 

In addition to the handset display, the operating system of 
these platforms (iOS, Android) allows the user to mirror the image 
simultaneously to a secondary monitor either through an adapter 
cable or wirelessly (Airplay, Apple TV). The secondary monitor can 
be a monitor of any size with an HDMI adapter, placed in the same 
operating room or endoscopy room (Figure 3). 

Figure 2 Smartphone coupled to acrylic base, light source (lantern) and 
scope Gimmi Alphascope II ø 2,7 mm 30°. 

Figure 3 Assembly process smart phone – scope- base – video devices. 

Determination of image quality

The videos produced were obtained from two sources: first from 
the portable device coupled to the smartphone and a second one 
from a conventional endoscopic camera (Olympus CV-180 Evis 
Video System Exera II coupled to Gimmi Alphascope II Camera 
ø 2,7mm 30°).  In order to standardize the resolution of the image, 
the United States Air Force resolution test card (Edmund Industrial 
Optics, Barrington, NJ) was used to group vertical and horizontal 
lines in different measurements and the resolution was calculated as 
the smallest group of elements than can be clearly visualized (lines/
mm); this chart is most often used as a reference for testing the quality 
of many optical devices (microscopes, cameras and scanners).21 The 
color on the other hand was standardized through a Munsell color 
system which organizes color according to hue, lightness and 
saturation and it is widely used for the study of optical devices as 
well.22  The colors compared between the two devices were red, 
orange, yellow, green, blue and violet (Figures 4&5, respectively).

The optics were separated 1cm away from the cards and the 
images were recorded on both devices making the same movements 
and orientation changes. The lighting in the case of the conventional 
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laparoscopic tower was given by the source included in the tower 
(300W Xenon lamp). Both recordings were edited with iMovie 2016 
video editing software (version 10.1.2) to produce two final and 
identical videos of 20 seconds each where the elements meant to be 
evaluated are clearly evident, it’s important to clarify that there was 
no manipulation of the image or any filters or additional effects were 
used.

Figure 4 1951 USAF resolution test chart. 

Figure 5 Munsel color chart. 

For the aim of this study we chose subjective measures of different 
aspects to establish a general level of satisfaction with the image 
shown, it’s nonetheless critical to take into account some elements: 
1) The main limiting factor to objectively measure the quality of an 
image rather than the recording device is given by the optics used; 2) 
it has already been shown that differences in image resolution, color 
and image quality are not significant when comparing next generation 
mobile devices vs.  conventional endoscopes;  and 3) regardless of 
the technical elements of the image, some parameters such as image 
orientation can only be interpreted by the endoscopist surgeon 
performing the procedure.23,24

Graph 1 Comparison of averages by average.

Smartphone coupled device.
Laparoscope Olympus HD. 
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The tool used to collect the data was the absolute category rating 
(ACR), which is a test method that has proven to be a reproducible 
system for evaluating the quality of videos, and consists of presenting 
both videos in a single session and qualify multiple variables 
independently using a scale of 5 levels  25.  The unidentified videos 
and the survey were sent by e-mail to 35 surgeons, members of the 
Venezuelan Society of Bariatric Surgery and experts in laparoscopy, 
for their observation and assessment by filling an online survey. The 
survey considered 6 categories rated from 1 to 5, as follows:

From the video, you just watched, evaluate the following 
items on a scale from 1 (poor) to 5 (excellent)

1.	 How do you consider the lighting and the brightness of the 
image?

2.	 How do you consider the definition of the contrast and the edges 
of the images?

3.	 Could you identify the numbers in the picture?

4.	 Could you identify the basic colors in the image (yellow, blue, 
red, green and violet)?

5.	 Could you identify the different shades of the basic colors?

6.	 What would you consider to be the overall quality of the whole 
video?

Once the data was collected and recorded we proceeded to compare 
the average score in each question and the overall average statistics 
using Student’s t-test with a confidence interval of 0.99.

Results
After the evaluation of the videos by 35 surgeons belonging 

to the Venezuelan Society of Surgery and after answering the 6 
questions for both videos provided before, the following results were 
obtained (Tables 1 &2).

Table 1 Smartphone coupled device

Question Average Variance Standard
deviation

1.	 How do 
you con-
sider the 
lighting and 
the bright-
ness of the 
image?

2.9 0.64 0.8

2.	 How do 
you con-
sider the 
definition of 
the contrast 
and the 
edges of the 
images?

3.0 0.91 1.0

3.	 Could you 
identify the 
numbers in 
the picture?

3.3 0.82 0.9

Question Average Variance Standard
deviation

4.	 Could you 
identify the 
basic colors 
in the image 
(yellow, 
blue, red, 
green and 
purple)?

3.6 0.76 0.9

5.	 Could you 
identify 
the different 
shades of 
the basic 
colors?

3.2 0.65 0.8

6.	 What 
would you 
consider 
to be the 
overall qua-
lity of the 
whole video 
to be?

3.0 0.47 0.7

Table 2 Olympus HD Conventional Laparoscope

Question Average Variance Standard
deviation

1.	 How do you 
consider the 
lighting and the 
brightness of the 
image to be?

3.87 0.85 0.9

2.	 How do you 
consider the 
definition of the 
contrast and 
the edges of the 
images to be?

3.8 0.79 0.9

3.	 Could you iden-
tify the numbers 
in the picture?

3.9 0.78 0.9

4.	 Could you iden-
tify the basic 
colors in the 
image (yellow, 
blue, red, green 
and purple)?

3.9 0.63 0.8

5.	 Could you iden-
tify the different 
shades of the 
basic colors?

3.9 0.83 0.9

6.	 What would you 
consider to be 
the overall qua-
lity of the whole 
video to be?

3.6 0.78 0.9

Table Continued...
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 We were able to identify that the averages for each question was 
higher for the conventional High Definition laparoscope, but only a 
significant difference was obtained in the edge definition and contrast 
item of the images.  It is worth noting that in the evaluation of the 
overall quality of the video, statistically both videos are of equal 
quality.

Discussion
After comparing the quality of the smartphone coupled to 

endoscopic camera vs HD laparoscope to check the feasibility of use 
in future procedures by establishing the image quality comparatively, 
we obtained that at the 6 items evaluated, it was verified that there was 
only a significant difference in the contrast and edges of the image 
(Table 3). In relation to the other items evaluated and even when 
assessing the overall quality of the video no significant differences 
were found between both groups, which allows us to assume that such 
adaptation can be easily used in surgical procedures in vivo. Similar 
results were obtained  by  Liu et al.26  who compared 30 videos for 
diagnosis of otorhinolaryngological conditions using a conventional 
otoscopy equipment with a smartphone adaptation as a video device 
similar to ours, and obtained excellent results and similar quality of 
images, sufficient for diagnosis of pathologies.

Table 3 Comparison of averages per question p=0.99

Question Average Variance P

1.	 How do you consider 
the lighting and the 
brightness of the image 
to be?

2.9 3.8

2.	 How do you consider 
the definition of the 
contrast and the edges 
of the images to be?

3.0 3.8

3.	 Could you identify the 
numbers in the picture? 3.3 3.9

4.	 Could you identify the 
basic colors in the image 
(yellow, blue, red, green 
and purple)?

3.6 3.9

5.	 Could you identify 
the different shades of 
the basic colors?

3.2 3.9

6.	 What would you con-
sider to be the overall 
quality of the whole 
video?

3.0 3.6

In the same fashion Sohn et al.27 compared the image resolution 
obtained with the use of  Endoskope® (a docking system coupled 
to an Iphone5S) with a conventional laparoscopic device using 
both inanimate models and porcine cystoscopies without obtaining 
significant differences between the quality of the images but with 
a large difference in the cost of equipment acquisition ($154 with 
Endoskope® and iPhone Vs $46,623 of the standard HD endoscopic 
system). With the sizeable and swift improvement of video devices 
from smartphones, the potential for performing portable laparoscopes 

increases progressively.  It is demonstrated that the image quality is 
similar and the cost is considerably lower.

Conclusion
We conclude that the smartphone coupled to an endoscopic camera 

as a video device for performing laparoscopy has a similar quality to 
a conventional laparoscopy HD device in vitro, wich would allow the 
following use of this system to perform laparoscopic procedures with 
a safe, secure and cost effectively device.
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