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Abstract 
Background: The progressive availability at a worldwide scale of smartphones with 

bigger computing power and equipped with high quality cameras advertise a better us-

age for this equipment by health care professionals. In addition, the possibility of ac-

quiring very fast images and sharing them on the Internet by developing different appli-

cations increases the range of opportunities to diagnose diverse pathologies. The aim of 

the study: To carry out a bibliographic review on previously exposed topic and share 

the experience of the cytogenetics laboratory of the National Center of Medical Genet-

ics in the introduction of smartphones and their use in cytogenetics. Materials and 

methods: The web search engine Google Scholar was consulted for the terms 

―smartphone‖, ―medicine‖, ―diagnosis‖ and ―clinical images‖. Pubmed database was al-

so consulted for the same terms. Results: Several articles were retrieved from first 

world countries and also from developing countries. The authors proposed to apply 

smartphones technologies to make cheaper the dissemination of information for long-

distance consultations. Conclusion: The use of "smartphones" makes it easier to per-

form tasks at a lower cost than those involving the use of professional equipment that 

has been the only option available to researchers within the health sciences until now. 
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Introduction. Modern times have 

brought about a gigantic advance in the me-

dia, especially advances in mobile telephony 

and the Internet, which can be used to im-

prove communication between specialists in 

the health system. Smartphones offer an at-

tractive possibility to solve problems of ac-

cessibility, quality, effectiveness, efficiency 

and costs of health care [1]. 

A growing percentage of citizens in de-

veloping countries have greater purchasing 

power for smartphones, which supports the 

development of applications for telemedicine. 

The use of hardware and software architecture 

in smartphones to improve health care is an 

emerging issue that allows the implementa-

tion of various technologies associated with 

telemedicine on a phone including electrical 

impedance tomography, electrocardiography, 

fluorescence microscopy and lens-less mi-

croscopy on a chip [2]. 
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In the latest generation, in addition to 

high-resolution cameras, they have advanced 

multi-core processors, microchips designed to 

handle graphics and innovative operating sys-

tems that provide a portable platform to run 

sophisticated medical screening applications 

and provide diagnostic services to patients in 

their care facilities at a very affordable price 

[3]. In dermatology, telephones are currently 

used to carry out tele-dermoscopy [4, 5]. 

Increasingly in the field of cytopatholo-

gy digital images are being used for tele-

technology, online education, clinical consul-

tation, web-based learning, quality assurance 

and secondary applications such as image 

analysis [6]. The emerging use of mobile 

communications and network technology ap-

plications for use by healthcare personnel has 

been referred to as mHealth. Its successful 

implementation ensures that the right infor-

mation is available in the right place, in the 

right way and at the right time. These tech-

nologies are gaining space and could one day 

become global [7]. 

In our country, this branch of technolo-

gy has been developing with more than 5 mil-

lion telephone lines sold and the establish-

ment of a data exchange service through cel-

lular technology with 4G generation. In addi-

tion to the large number of smartphones pur-

chased by medical professionals, either at 

home or abroad, which allow them to perform 

tasks beyond those expected from a commu-

nication device. 

On the other hand, the difficulties for 

the purchase and renewal of advanced techno-

logical equipment, designed specifically for 

use in assistance/research that allows the cap-

ture and processing of images, makes it very 

important to be able to capture images even 

when they have a lower quality but with the 

possibility of capturing what we want to record 

as a record that can be valued among special-

ists and also used in teaching for the prepara-

tion of professionals. The objective is to carry 

out a bibliographic review on this previously 

exposed topic and the experience of the cyto-

genetics laboratory of the National Center of 

Medical Genetics in the introduction of 

smartphones for its use in cytogenetics. 

Methods. For the search of bibliograph-

ic materials, the Internet academic Google 

search site was consulted with the following 

terms: "smartphone", "medicine", "diagnosis" 

and "clinical images", as well as the Pubmed 

database. Thirty-six scientific articles were 

retrieved and those reporting the use of 

smartphones were selected to facilitate the 

acquisition of images of diagnostic or educa-

tional value, with or without a coupled micro-

scope, and the assessment of this use in clini-

cal practice. Most of the articles retrieved are 

less than a decade old, but some articles just 

over a decade old were included because they 

show the firsts steps in using smartphones to 

record and send various types of data with 

diagnostic value for consultation.  

Development. The increasing possibil-

ity of remote exchange of massive amounts of 

data is changing the way scientists perceive, 

study and analyze the world and this is likely 

to change the nature of the biological record 

in terms of techniques, practices and the rela-

tionships between experts and non-experts 

[8]. 

Rapid improvements in the technical 

specifications and cost efficiency of electronic 

products have propitiated the emergence of 

devices that can be used for high performance 

imaging. There are low-cost, high-quality dig-

ital cameras on the market with image sensors 

of more than 20 MP [9]. Smartphones also 

have sensors of lower quality than the scien-

tific-grade CCDs used in scientific image cap-

ture, but the gap between them has been 

shortening with the advance of technology. 

With each generation there has been a signifi-

cant improvement in hardware and software 

specifications. Cellular integrated cameras, in 

particular, have been improved with each new 

model. They are potentially capable of taking 

high quality photomicrographs from slides 

through a microscope [10]. 

Several studies have addressed the use 

of compact digital cameras or cell phone 

cameras for biomedical imaging applications. 

Common cameras have even been used in im-

aging techniques for fluorescence in a wide 

variety of locations, pathological analysis, and 

the integrated camera of cell phones has been 
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applied with utility in the clinic [9]. Other au-

thors prefer to test the different options on the 

market and advise one option or another de-

pending on several tested parameters directly 

related to the quality of the image to be stored 

[10]. 

Use of smartphones in studies that 

require microscopy. Microscopy is an essen-

tial basic technique used in both pathology 

and microbiology for diagnosis and research 

work. With the advent of digital imaging, the 

role of microscopy has been boosted in the 

academic and research fields, as well as in 

advising on digital and slide images. Among 

the possibilities offered by telemedicine, the 

one that arouses most interest is that associat-

ed with microscopy, since it would allow the 

diagnosis of very common infections in de-

veloping countries. An example is the identi-

fication of an infection with malaria in coun-

tries where this disease is endemic [1, 2]. The 

need to diagnose diseases in resource-limited 

conditions is well known and has inspired 

many researchers to study the possibilities of 

implementing a simple, low-cost microscopy 

system based on cameras integrated into mo-

bile phones. Such a system would have the 

advantage of being widely spread around the 

world through telephone networks and the 

possibility of the imaging power of tele-

phones to create portable devices for disease 

screening and diagnosis [11]. Options have 

even been implemented for the early detection 

of cancerous lesions using a device that artic-

ulates with an ordinary digital camera [12]. 

Several initiatives have previously 

shown that smartphones can be used to pho-

tograph through a microscope or be modified 

to serve as a microscope [13-18]. Portable 

devices have even been developed to be able 

to take phase-contrast images by using LED 

lights that strike at different angles to create 

contrast detectable by the smartphone  

camera [5]. 

The technique used to capture images 

through a microscope is known as micropho-

tography and is very useful for documenta-

tion, consultation and teaching. The best im-

ages are obtained using specialized digital 

cameras that are mounted on microscopes 

where the images obtained are recovered and 

processed using a proprietary computer pro-

gram. These systems are very expensive and 

are often not available for low resource coun-

tries. Smartphones, on the other hand, have 

image capture and processing capabilities and 

are widely distributed among clinic profes-

sionals, which considerably reduce initial 

costs. A small number of products in the latter 

category in both the research and commercial 

stages have been evaluated by clinicians, but 

all are made exclusively for phones known as 

IPhones, which are still very expensive [19]. 

While webcams produce poor images, 

DSLR camera adapters are difficult to use. 

However, phones with 8mp on the back cam-

era or higher are capable of taking clear pic-

tures, which can be stored in the phone itself, 

transferred to a computer or shared with con-

tacts [20, 21]. Commercially available micro-

scope adapters such as the Magnifi, Skylight, 

and Snapzoom adapters can also be used 

(Figure 1). Adapters stabilize the picture tak-

ing process through the microscope [10]. 

Among the options to replace the use of 

adapters on the market, which are prohibitive-

ly expensive, several variants have been in-

troduced, including the use of an illumino-

scope, which consists of a piece of some thick 

material that surrounds the eyepiece and al-

lows easy adjustment of the distance for fo-

cusing the image, relative smartphone stabili-

zation, and removal of ambient light [3]. 

On the other hand, taking photomicro-

graphs using the camera of hand-held 

smartphones is becoming increasingly recog-

nized as a valid technique for obtaining useful 

images. This requires a phone with a mini-

mum of 8 MP in its rear camera, an appropri-

ate binocular microscope, good ambient light-

ing and steady hands [21]. The technique was 

described by Morrison in 2013 and several 

papers have been published on the subject  

[22, 23]. 
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Fig. 1. Selected images of smartphone adapters that can be attached to a microscope. 

(a) Magnifi adapter (b) Skylight adapter (c) Snapzoom adapter 

 

 

Recently, several smartphone adapters 

have emerged to allow the user to fix the 

phone to the microscope [10]. Elements have 

even been introduced that allow the 

smartphone to be converted into a portable 

device for viewing in bright field, dark field 

and also in contrast to a multi-contrast plat-

form that employs LED elements [24]. 

It has been a constant intention of sev-

eral authors to achieve adapters to fix a 

smartphone to a microscope so that this 

adapter is cheap and functional from a tech-

nical point of view [25]. In their attempt to 

further lower the costs of imaging through 

mobile phones, suggestions have emerged for 

the handcrafted production of phone adapters 

that allow images to be taken without much 

manual skill on the part of the analyst [26]. It 

has even been suggested that they have been 

used for semen quality studies to diagnose 

male infertility at home, using a device with a 

microchip to which the sample is added and 

then connected to the telephone, which facili-

tates another type of study for which micros-

copy and other highly expensive resources are 

necessary [27]. 

The emerging market for technology as-

sociated with mobile telephony and its use in 

the health sector is expanding rapidly and is 

connecting even the most remote areas of the 

world. The distribution of diagnostic images 

on the telephone network for knowledge shar-

ing, feedback and quality control is a logical 

innovation [1]. 

Application of mobile technology in 

the Clinical Cytogenetics Laboratory. In 

the Cytogenetics laboratory of the National 

Center of Medical Genetics in Havana, the 

smartphone has been used as a way to be able 

to quickly register an image of interest, as 

long as its purpose is not the publication of a 

case report and even this exception can be ig-

nored if the image allows the identification 

beyond the doubt of the identified health 

problem. For this purpose, different models of 

telephone have been used, which, depending 

on their technical characteristics, allow a het-

erogeneous image quality (Figure 2).  

Recently, in our lab, valuable images 

has been captured through the eyepiece with a 

mobile phone for educational purposes  

(Figure 3 and 4) resulting in a very reliable 

option when the specialist lacks of a camera 

attached to a microscope (Figure 5). 
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Fig. 2. Two microphotographs taken at the Cytogenetics Laboratory of the National Center  

of Medical Genetics of Cuba. On the left (1) a metaphase cell captured with an Alcatel Flint 5054º 

phone using the maximum zoom. On the right (2) another metaphase cell captured with  

a Samsung Galaxy Note 9 phone using 3.5x zoom 

 

 

 
 

Fig. 3. Researcher capturing an image with a smartphone through the eyepiece of a microscope 
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Fig. 4. Image captured with a smartphone through the eyepiece of a microscope 

 

 
Fig. 5. Identification of chromosomes 2 in a preparation by the M-FISH method 

 in the Cytogenetics Laboratory 

 

Cuba has a national network dedicated 

to genetic medicine whose leading centre is 

the National Centre of Medical Genetics. The 

cytogenetics laboratory of this institution is a 

national reference laboratory [28], where sev-

eral generations of cytogeneticists from Cuba 

and different Latin American countries have 

been trained. This circumstance has caused 

this laboratory and its specialists to be regu-

larly consulted for the exchange of technical 

Chromosome 2, M-FISH 

technique 
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and diagnostic opinions. Mobile telephony 

has played a very efficient role in this process, 

mainly by sending images taken directly from 

the microscope with the phone camera.  

Below we show the images taken in 

other laboratories and which have been sent 

for consultation with our cytogenetic special-

ists (Figure 6). 

 

 
Fig. 6. Image received by our laboratory from a genetic specialist of another institution where  

an addition to the short arm of chromosome 10 is suspected. Marked by an arrow 

 

Conclusions. The elements generally 

used to take images of scientific value are 

highly expensive, but other components can 

be obtained that allow photo and video to be 

taken in low-cost cameras within the reach of 

the public [29]. With the costs of medical ser-

vices increasing throughout the world, there is 

a need to push for reducing the costs and 

complexity of medical devices. In addition, 

with a growing demand for high standards of 

care in regions where the medical infrastruc-

ture is below the level found in developed 

countries, the development of portable devic-

es that can transmit relevant information to 

experts located over long distances is likely to 

have a quantitative and qualitative impact. 

In cytogenetics, photomicrographs pro-

vide a mean of sharing information obtained 

from a slide for consultation, education, doc-

umentation and publication. Traditional image 

acquisition usually involves the use of units 

with a permanent camera integrated into a mi-

croscope, a computer and often a proprietary 

software for capturing and processing. 

Meanwhile, a novel approach to digital cap-

ture of microscopic images takes advantage of 

the development of smartphones placed over 

the eyepiece of microscopes.  
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