Effects of Electromagnetic Radiations of Communication Gadgets Associated with Genotoxic Effects on Orofacial Structures and Health

Abstract
Purpose - The primary motive of this article is to review the existing state of literature on the effects of electromagnetic radiations of communication gadgets associated with health. The article also highlights the usage of these electronic gadgets, which helps in health monitoring. This paper seeks to dispel some myths and bring forth new facts regarding the effects of mobile phones on health. The paper assumes significance in the background of highest ever penetration of mobile phones into the market. Efforts are being made to utilize mobile phones in a way beneficial to healthcare and advice people against usage that may affect health significantly.
 
Design/Methodology/Approach – The researchers have extensively explored the pros and cons of the electronic communication gadgets. This paper attempts to investigate the effects of electromagnetic radiations primarily related to genotoxic effects on orofacial structures and oral health.
 
Findings – The authors found that mobile phone radiation affects salivary gland and facial nerves. However, majority of the contributions are not deeply penetrated and no adverse effect is highlighted in the studies and requires a long-term research to confirm this. On a positive note, the electronic gadgets like mobile phones are extensively used in healthcare sector for data collection, adherence to medical guidelines and prescriptions and improve mobile connectivity between patients and doctors where limited assistance is needed.

Research limitations/implications - The scope of this paper is limited to effects on health of humans due to electromagnetic radiations caused by electronic gadgets in daily use. 
 
Practical/implications - The systematic review will assist the medical practitioners to guide and create awareness among the community on utilization of mobile electronic gadgets in a way beneficial to healthcare and advice people against usage that may affect health significantly.
 
Originality/Value - The authors used evidenced-based systematic approach to explore the contributions and findings by researchers in the field of healthcare in relation to usage of electronic gadgets. 
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1.        Introduction 
The usage of electronic gadgets like mobile phones have become part modern life. Mobile phone penetration has grown from 12% in the year 2000 to more than 60% currently worldwide. However, with this steep increase, there has arisen a huge debate on the ill effects of mobile phone radiation. Though mobile phone base stations' exposure occurs continuously, the levels are significantly lesser than the local maximum levels that occur when a handset is being used. (Neubauer G et.al, 2007) [1].
The revolution in the communication technology, data exchanges has become a pathway to faster developing digital economy. The technological proliferation, has led to significant increase in use of wireless digital gadgets over conventional to access the real time data. The revolution in the tele communication and network across the globe has led to evolution from analog type mobile phone to next generation smart phones. Mobile phone has been classified into first generation to fifth generation. The first generation phones launched in year had only voice command. The second generation were introduced post 1990’s with Global System for Mobile communication (GSM) network. The third generation mobile phones launched in the year 2001, with Wideband Code Division Multiple Access (WDCMA) with features including, multimedia, internet, camera etc. The technology and infrastructure required saw a growth and enhanced features and faster processing speed with fourth generation. The fifth generation mobile phones were introduced with Long Term Evolution (LTE) that was designed to provide up to ten times the speeds of existing 3G networks for mobile devices.
The consumers’ needs and demand for high performance smart phones and rapid technological advancements is the key driving factor for growth of wireless communication market. The increased adoption and awareness of digital and social media has shown growing trends towards online marketing and advertising, fuelling the Wireless communication market with opportunities.

(Wireless Communication Market Analysis Market Size, Application Analysis, Regional Outlook, Competitive Strategies and Forecasts, 2014 To 2020)

The effects of cellular radiation on health have long been a discussion challenge. Between 300 MHz and 300 GHz (microwave range), mobile phones emit electromagnetic radiation. According to the International Cancer Research Agency, cellular radiation is classified as Group-2B-perhaps carcinogenic radiation, i.e. there may be "some risk" of cancer. According to WHO, “To date, no adverse health outcomes have been hooked up as being brought about by smart phone use.”
A part of the mobile radio waves is processed through the human body. It is possible to mark the outcomes of these radiations into thermal and non-thermal effects. Cellular telephone heating occurs in the area of the head and neck, which is neutralized by the use of blood circulation of the brain. In this area, however, further investigation is required.
Predrag et.al (2011) studied the effects of mobile phones using healthy volunteers as well as individuals who are hypersensitive to electromagnetic fields. These investigations use randomized and blinded lab trials. Text messaging interventions are an example where mobile phones have been used to help people quit smoking, to provide education on diabetes and to encourage compliance of primary care appointments. The early signs of arrhythmia or ischemia, can be identified by physicians using mobile phone apps, which often signify eminent heart attack. These applications also allow monitoring of patients with chronic disease by their doctors at a remote distance. Also, patients can themselves use a combination of mobile phone applications, sensing and measurement devices to monitor their health parameters. 
The sheer variety, permutations, and combinations carried out in different studies make it difficult to exactly determine their individual contribution.

This paper attempts to skim through all literature published on this subject matter in the recent years and attempts to come to a conclusion on the positive as well as negative effects of mobile phones on health. 


2.        Background
The review presented in this paper is mainly sourced from papers searched through Mendeley, Google scholar and Research Gate. Keywords used for the search includes and is not limited to mobile phones, health. Databases were scanned for papers with positive and negative effects used with the keywords mentioned above.
It was felt that research is required in areas where published literature suggested a possible conclusion but was not sufficient to meet the criteria required to assess health risk(2).


1.1.1 Inclusion criteria
• The articles published in peer-reviewed journals;
• The articles had participants who have been using mobile phones since ≥ 10 years;
According to a study the risk of having head tumours from mobile phone usage is very high.


1.1.2 Exclusion criteria
· Studies from books, keynotes, conference posters, technical reviews, non-English publications.

Measurement Standard for Radiation Exposure
Specific absorption rate (SAR), measures the level of exposure to mobile phone radiation and it is expressed as W/kg (power per unit mass of body tissue10. The SAR value ranges from 0.0001 to 2 W/kg. This range of SAR is due to multiple reasons such as the output power of the phone and its positioning, the relative distance between phone and tissues in contact and type of network. The Government of India has set the recommended maximum value of SAR limit of 1.6W/kg for whole body11. 

Working group recommendations on mobile phone use
International Agency for Research on Cancer (IARC), evaluated the studies related to mobile phone usage and stated mobile phone as “possibly carcinogenic to humans”. 
The American Cancer Society (ACS) described the use of mobile as associated with some risk because of radiofrequency energy but did not draw any conclusion and stated that this requires further long term studies.
The U.S. Centre for Disease Control and Prevention (CDC) has stated that there is clearly lack of enough scientific evidence to possibly describe mobile phone use as carcinogenic.
The Federal Communications Commission (FCC) has clearly stated there is no significant relationship between mobile phone use and cancer or any other systemic illness. 


Effects on health due to mobile phone radiation

Mobile utilization is presently one of the most essential supply of synthetic radiation in the shape of electromagnetic waves. The transmission segment of cell smartphone is described as the time when we speak on the smartphone at some stage in a call. During the transmission phase mobile emit radio frequency electromagnetic waves which are non-ionizing which does now not result in tumor initiation. The most common postulated principle of biologic effect of radiation is based on the reality that long-term utilization of cellular phone can produce thermal effects of the tissues in contact with cell phone. The usage of cellular phone is stated to be associated to tumor progression and is no longer regarded to be the initiator of tumor.


Before and after exposure to mobile phone radiation, thermal effects of the profound tissues 
and face nerve tissues of 12 male NZ rabbits have been studied. A latent period of 10-15 years the probability of occurrence of head tumours and acoustic neuromas is high. (11)

A study was performed to bilaterally calculate the unstimulated salivary flow rate in 142 people after it was divided into two groups one of users with heavy usage and the other were subjects controlled by the use of a modified Schirmer test. [12) Another study collected 11 blood samples from both males and females over the age of 40 against different parameters. (13)This song concluded that talking over a mobile phone has proved to increase blood sugar levels especially in people over the age of 40. (13) Another study concluded that there is an increasing suspicion of mobile phones causing peripheral nerve damage. (8)

Genotoxic effects due to mobile phone radiation

Mobile phones emit and receive microwave radiation in the frequency range of 900 to 1800 MHz. Health risks associated with cell phone use has been a cause for debate since a long time now. However new research has emerged that suggests that mobile phone radiation may be linked with genotoxic effects (involves damage to cellular DNA). In a study published by the Journal of Clinical and Diagnostic Research, researchers conducted a comparative evaluation between users who used mobile phones less and those who used it for a longer period on the formation of micronuclei in oral mucosal cells.

Available literature has already reported that elderly individuals are more prone to genetic damage due to mobile phone usage. Bonassi et al., in their study have found age to be highly significant in the case of micronucleus frequency. Data obtained from United States from the year 2008 through 2012, shows less than five brain cancer cases for every 100,000 people under the age of 65, while there are approximately 19 cases for every 100,000 people who are 65 or more than 65 years of age. Hence it is suggested that elderly individuals should take more precautions about their health while using cell phones regularly.

Effect of Mobile phone use on Health

Relationship between mobile phone usage and tumour, salivary gland tumours, nervous systems, reproductive system, general health are the key concerns that needs attention.

Several research have tried to consider the causal relationship between cellular smartphone usage and chance of benign and malignant tumours. Large epidemiological studies are required to evaluate the lengthy time period consequences of electronic gadget usage and prevalence of neoplasm. Three such studies have tried to evaluate the feasible relationship between electronic gadget use and neoplasia. Two studies performed in Sweden located that growing intelligence cancer threat in population who commenced electronic gadget usage earlier than the age of 20 years. The CEPHALO find out about analysed teenagers recognized with intelligence cancer between age group 7-19 years did no longer determined any affiliation with electronic gadget use.

Case control studies in Sweden and Denmark reached to a conclusion that usage of mobile phones is related to parotid tumours. [25]. Study conducted with 69 cases and 262 randomly recruited controls found there is no significant relationship between mobile phone use and parotid tumours [25]. One study conducted in Israel for a period of two years suggested a positive association between mobile phone use and parotid gland tumours [26].


Longitudinal studies have time and again showed that the risk of meningioma and gliomas associated with mobile phone use is nil in the head and neckregion.2 

2.2 Neutral effects of mobile phone

No effect on parotid glands due to mobile phone

 The Carlson-Crittenden cup which is a parotid fluid collection device was used to measure simultaneously the salivary flow rate of both the parotid glands [16]. It was this study that concluded that there is no relationship between salivary flow rate and the number of hours’ mobile phone is used by a user in a day. In a similar manner, it also concluded that there is no relationship between protein concentration and the number of years or daily duration of mobile phone usage [16].
Around 35 expert groups opinions were published between the years of 2008 -2014 and most of them opined that there is no conclusive evidence whatsoever to conclude that there is an increase in biological and health risks in humans exposed to RF fields from wireless communication devices [18]. No research has, to date, suggested any conclusive evidence of adverse health effects from radiofrequency field exposure at levels below those causing tissue heating. [18]

Indian connection

In the opinion of Indian experts the hot tropical Indian climate, low BMI, lesser fat content of an average Indian guy and a higher concentration of radiation in their environment tends to place them at a higher risk of radiation adverse effects than the Westerners (22). This study advises people to check the SAR level before buying a handset, and to know when and how much to use it so that we do not become the slave of technology instead of being its master [22].

No relationship between glioma and mobile phone use

Another study that reviewed 285 histologically-confirmed Korean patients aged between 15 and 69, from nine hospitals who had been diagnosed with gliomas between 2002 and 2007. These 285 individuals underwent medical check-up in the same hospital. This study concluded that there is no evidence to conclude that the risk of glioma increases due to the usage of mobile phones; although the study did find an increase in risk among ipsilateral users. This increase however was insignificant [23].





2.3 Positive effect of mobile phone

Thirty-nine people having asthma and primary care clinicians participated in a study to explore the possibility of mobile phone monitoring technology (31). In the early stages monitoring systems can help in increasing confidence and support the process of diagnosis. In the next stage it can help in the transmission of data between the patient and the doctor and seek consultation remotely. (31) 

Another study conducted a survey for which the site was a semi-urban settlement near Durban, South Africa where women from the locality were hired as community health workers and they collected data. Basic mobile phones could collect up to 50 surveys’ data each (34). Mobile phones are a feasible way of collecting data and can be adapted in an extensive manner for and surveys of various sample size (34).















 








	Author 
	[bookmark: _GoBack]Type of study 
	Purpose of study  
	Study summary 
	Outcome 

	Daroit NB et al. 
	Human Study 
	Effect of cell phone emitted radiation on oral mucosal cells. 
	Cells were obtained from cell phone users. The sites were lower lip, tongue boundary, and mouth floor. 
	They found that individuals using cell phone for more than 60 minute/week for eight years had increased nuclear abnormalities. 

	Siqueira EC et al. 
	Human Study 
	Effect of cell phone use on the parotid glands. 
	Saliva sample of healthy individuals were examined for cytokine expression profile. 
	There was differences in IL-10 levels in ipsilateral parotids, in comparison to contralateral parotids in subjects using cell phones for more than 10 years. 

	Acar GO et al.,  
	Animal Study/Rabbits 
	Effect of mobile phones generated heat on facial nerves (FN) and surrounding soft tissue. 
	A mobile phone was placed for 25 minutes over the ipsilateral ear of the rabbit. 
	They found that temporary dysfunction of facial nerve occurs due to exposure to mobile phone emitted radiofrequency radiation (RFR). 

	Khalil AM et al.,
	Human Study
	The saliva of cell phone users were examined for oxidant/antioxidant status.
	Saliva samples were collected before using a cell phone and then after 15 minutes and 30 minutes calls.
	No changes in salivary oxidant/antioxidant profile was observed on exposure to radio frequency radiation (RFR)

	Lonn S et al., 
	Human Study
	Assessed the hypothesis that whether long-term use of the mobile phone raises the risk of tumours of the parotid gland.
	Cases between 20-69 years of age diagnosed in Denmark and some parts of Sweden with parotid tumor during 2000-2002 were included.
	The data collected do not support the hypothesis that use of mobile phones will increase the chances of tumours in parotid glands.

	Hardell L et al., 
	Human Study
	Investigated whether cellular phone use was associated with development of parotid gland tumours (PGTs).
	The assessment of cases was done from the six regional cancer registries in Sweden.
	The use of cellular or cordless phones was not associated with salivary gland tumours.

	De Souza FT et al.,
	Human Study
	Assessed whether the use of cellular telephones alters the expression of parochial cell stress-related gene products. 
	Samples of saliva were collected from 62 individual parotid glands to evaluate molecular alterations.	
	Due to exposure of parotid glands to cell phones, there was no alteration in the parotid salivary flow, protein concentration or gene protein levels.

	Hintzsche H and Stopper H. 
	Human Study
	The effect of mobile phone use has been investigated on the genomic instability of the oral cavity of human mucosal cells.
	The study subjects consist of buccal mucosa extracts of 131 individuals.
N= 13 Individuals who did not use mobile phones at all,
N= 85 individuals using the mobile phone for 3 hour/week
N= 33 individuals using the mobile phone for more than 3 hour/week.

	The result obtained proved that there was no significant increase of micronuclei due to mobile phone use.

	Laberge‑Nadeauce et al.,
	Human Study
	Radiation of the mobile phone is associated with exhaustion, headache, dizziness, anxiety and sleep disorder
	The Smartphone psychology and PUMP scale to measure problematic use of Smartphones
	Negative effects of excessive mobile phone use can cause “BlackBerry thumb” to carpal tunnel syndrome, and child health problems

	Stefan Lo¨nn et al.,
	Human Study
	Long-Term Mobile Phone Use and Brain Tumour Risk
	Participation rates for glioma cases are 74% (n 1⁄4 371), for meningioma cases 85% (n 1⁄4 273) and for controls 71% (n 1⁄4 674).
	No increased mobile phone-related risk of glioma or meningioma was found regardless of tumour histology, phone type, and duration of use.

	Anu Karinen et.al.,
	Human Study
	Mobile phone radiation may alter the expression of proteins in human skin
	In 10 female volunteers, small skin area of the forearm was exposed to RF-EMF, and punch biopsies were obtained from exposed and non-exposed areas of the skin.
	Radiation from mobile phones may alter the expression of protein in human skin. 
Small area of skin of the forearm was exposed to RF-EMF in 10 female volunteers and punch biopsies from exposed and non-exposed areas of skin were collected.


	Hinrichs et.al.,
	Human Study
	Effect of mobile phones on sleep pattern
	13 healthy volunteers subjected to GSM 1800 radiation.
	No significant effects on classical sleep patterns.

	Stuti Bhargava et.al.,
	Human Study
	Effect of handheld mobile phone use on parotid gland salivary flow.
	Unstimulated salivary flow rate was measured bilaterally in142 individuals by a modified Schirmer test by dividing into two groups of heavy users and control subjects.
	A significant increase in salivary flow rate along with increased blood flow rate and parotid gland volume were observed on the side where mobile phones were frequently positioned.

	Suhag AK et.al.,
	Human Study
	Impact of Excessive Mobile Phone Usage on Human
	The data were accumulated using 150 survey questionnaires from Civil Hospital, Jinnah Medical Hospital and Dow Medical Hospital of Karachi City's medical doctors and paramedical staff.
	Ninety-seven per cent of physicians reported positive effects of mobile phones on human health from patient sources in their treatment, and three per cent reported negative effects on human health from mobile phones.

	J Laryngol Otol. et.al.,
	Human Study
	Elysozyme, lactoferrin, peroxidase and parotid gland C-reactive protein. Effect of mobile phone use on protein, amylase, lipase and immunoglobulin A.

	Simultaneously, stimulated salivary samples were collected from both parotid glands of 86 healthy volunteers.
	The dominant side of mobile phone use was correlated in right-dominant users with variations in salivary flow rate and parotid gland salivary concentrations. While the use of mobile phones affected salivary composition, there was no significant relationship.

	Rajdeep Mitra et.al.,
	Human Study
	Effect of mobile phone radiation on human health.
	The study included 20 healthy people, age groups within 21 to 40 years (05 males and 05 females), and 41 to 60 years (05 males and 05 females) with 52 to 76 kg body weight.
	In silent and calling mode, quick and arrhythmic heart rate, rapid and irregular pulse rate in the 21–40-year age group was noted in 5 percent male after 30 minutes of exposure when the handset was put in the ear closure of the brain. The same results were made only in 5 percent male after 15 minutes of exposure, and in 5 percent female and 10 percent male after 30 minutes of exposure when the handset was placed on the chest close to the heart in the 41–60-year age group.




3.        Discussions

The mobile phone usage has been growing and is poised to grow dramatically in the years to come. Therefore, a big part of the population is likely to be affected by any adverse effect from mobile phones. In 1996, the World Health Organization(WHO), which aims to analyse impacts, to suggest research if required and to assess impacts of RF exposure, was established as an International EMF Project. In this context. This research aimed to assess whether and in what extent the hypothesis that long-term use of mobile telephones increases the danger of brain tumor is true or false. This research concluded that the findings obviously do not support the assertion that there is a current connection between mobile telephone use and glioma or meningioma risk.

Most but not all findings concluded that mobile phone use is not related to the danger of gliomas and meningioma. An assessment of clinical impacts in big populations owing to mobile phone exposure was released in a study by the Health Evidence Network (HEN). This study focuses on the impacts of brain and head tumours, providing a concise overview of RF and MW radiation biological impacts. This study found that the relationship between radiation exposure and subsequent health impacts exists. However, the report has a rider which states that lack of evidence should not be construed as absence of effects and therefore precautions should be continued to be taken.

Amidst this encouraging evidence, it may therefore seem surprising that the International Agency for Research on Cancer (IARC) Monograph Committee, which is an agency of the WHO, recently announced that cell phones could be “possibly carcinogenic to humans”. The change from “no conclusive evidence” to “possibly carcinogenic” did not come as a result of new research, thereby understandably leading to a widespread public concern as well as media discussion. However, what many people did not read was the footnote that came with the IARC press release which states that a “possibly carcinogenic to humans” classification by IARC is based on “limited evidence of carcinogenicity” and that “chance, bias, or confounding could not be ruled out with reasonable confidence”. Therefore, “possibly carcinogenic” is not a cause of concern instead it validates the scientific evidence present is too little at the moment to account for the carcinogenicity, if any of cell phone usage.  [19]

Another area of latest concern is regarding the degrading effects of electromagnetic radiation which are non-ionized on human tissues near the ear, as this is the site of phones while on a call. To address this, a study was conducted having 200 healthy male and female participants between the age of 18 and 30 who have used mobile phones for more than three years. Group I (50 males, 50 female participants), the intensive usage group, who used handheld mobile phone for more than 2 hours a day on average. Group II, the control group, (50 males, 50 female participants) participants used mobile phone for less than two hours a day on an average. Modified Schirmer test was used to measure unstimulated parotid saliva flow rate from parotid glands on both sides. Lipid peroxidation levels were biochemically analysed using calorimetric methods. Group I showed more significant rate of parotid salivation on the dominant side compared with the non-dominant side in contrast to Group II, whereas no significance was observed in antioxidant levels. These observations led to the hypothesis that states that the usage of mobile phones might modify salivary gland function [20]. 

Currently in the field of health one of the greatest challenges is to track large numbers of patients. One emerging way of doing this is through the use of Near Field Communication or NFC. The heavy penetration of mobile phones in the world along with its decreasing prices give impetus to this solution [21].
Daroit NB et al., studied cryogenic abnormalities of oral mucosal cells due to exposure to cell phone emitted EMV. They found that individuals using cell phone for more than 60 minute/week for eight years had increased nuclear abnormalities. The lower lip had a higher amount of bi-nucleated cells and broken eggs (structures associated with gene amplification). Reason for this may be, these sites are near to the cell phone, a source of electromagnetic radiation and also exposed to solar radiations. Similar results were obtained by Souza Lda C et al., Contradictory results were obtained by Ros-Llor I et al., and Hintzsche H and Stopper H who studied the effect of mobile phone use on genomic instability of the human oral cavity’s mucosa cell. There was no significant increase in frequency of micronuclei due to mobile phone use.
Acar GO et al., in their study on rabbits, found that temporary dysfunction of facial nerve occurs due to exposure to mobile phone emitted Radio Frequency Radiation (RFR). Saghiri MA et al., studied nickel release from the fixed orthodontic appliances of patient’s using cell phones. They found that use of mobile phones in patients had a time-dependent effect on nickel concentration in saliva. Mortazavi SM et al., studied the release of mercury from dental amalgam restorations in mobile phone users. They found that there was significant release of mercury from dental amalgam restoration due to microwave radiation emitted from mobile phones. Kaya FA et al., in their study on rat found that there was effect on periodontal tissues due to long term exposure to radiofrequency emitted from mobile phones. In few of the rats, vasodilatation and focal areas of bleeding was seen. The effect of radio frequency (RF) radiation emitted from mobile phones on the enamel micro hardness of rat teeth was studied by Dasdag S et al. There was no alteration in the enamel micro hardness with 900 MHz of RF radiation.

The health hazards of cell phone emitted radiations were a matter of serious concern among children and geriatric population. As children have smaller heads, there skull is very thinner and has higher tissue conductivity in comparison to adults. Literature had reported that brains of children of age 5 and 10 when compared to adults’ brain, demonstrated the absorbed radiations deeper in the brain. Bone marrow of children absorbs 10 times higher microwave radiation than in adults.
Literature had reported higher incidence of genetic damage in elderly individuals due to use of cell phones. Bonassi et al., in their study found age as highly significant for the micronucleus frequency. One of the data from United States from the year 2008 through 2012, presents less than five brain cancer cases for every 100,000 people under the age 65, in comparison to approx 19 cases for every 100,000 people of ages 65 or older. Elderly individuals should be more cautious about their health while using cell phones regularly.


Mobile phone usage and Oral health
The RF-EMW causes an increase in the adjacent skin temperature and turns leads to increased perfusion in the salivary glands, with an alteration in the salivary flow rate and the protein concentration. Saliva as a diagnostic tool has been underused, gaining popularity in last two decades due to non-invasiveness, and not a requirement of specialized skilled personals for the sample collection. The qualitative or quantitative alterations in saliva may lead to caries, mucositis, oral infections, halitosis, and dysphagia. Recent studies have mainly concentrated on the effect of mobile phone usage on the autonomic nervous system response, as seen in the flow rate and protein concentration. The usage of hand held mobile phones for a long duration has shown to cause higher oxidative stress in the oral cavity, thus increasing the risk of inflammatory diseases and oral cancer. 

Limitation
Limiting this systematic review is that it contains articles published in English only, and only Mendeley, Research-Gate and Google Scholar were searched for the results.

 
4.  Conclusion

As of now none of the studies that were reviewed had found adverse effects on health due to exposure to radio frequencies caused by the usage of mobile phones. Long term studies are required to study extensively and validate the claim though. Hence, it is best advised to comply with all guidelines and legislations as well as exercise caution in the use of mobile phones. Studies have also pointed out the importance of information exchange between the scientific community and the public as soon as possible so as to mitigate the ill effects, if any, more effectively.

Cell phones increase the temperature of the surrounding tissues and cause facial nerves dysfunction. The salivary flow rate is increased and there is alteration of the cytokine expression profile of the salivary gland in heavy cell phone users. Patient with any metallic appliances or restorations be more cautious as there is leaching of metallic ions or mercury which is very harmful to the individual. Cell phone emitted radiation causes nuclear abnormalities of the oral mucosal cells. Cell phones do not cause tumour of the salivary gland, but since few studies had found adverse effects of cell phone on orofacial structures so uncertainties remain and it is recommended that a precautionary approach is continued until further clarification of the situation. Further human and epidemiological studies are required to evaluate long-term effect of cell phone on health of the individual.

Exposure to the RF fields from mobile phones or their base stations has been found to not cause any adverse health consequences. However, this conclusion is not a conclusion in the sense there is still substantial amount of research left to be done in this field. Therefore, a conclusion can be arrived at only by further research. According to an estimate another 3-4 years of research is required to come to a final conclusion. 
Whereas, WHO suggests the following: -
"1. Strict adherence to health-based guidelines.
2.Present scientific information does not indicate the need for any special precautions for use of mobile phones. 
3.Obey local restrictions on mobile phone use to avoid EMF interference. 
5.Scientific evidence does not indicate any need for RF-absorbing covers or other ‘absorbing devices’ on mobile phones. They cannot be justified on health grounds and the effectiveness of many such devices in reducing RF exposure is unproven.
6.An effective system of health information and communication among scientists, governments, industry and the public is needed to raise the level of general understanding about mobile phone technology and reduce any mistrust and fears, both real and perceived. This information should be accurate, and at the same time be appropriate in its level of discussion and understandable to the intended audience".

However, a paper that was reviewed had concluded that the blood sugar levels of people over a certain age increases with the use of mobile phones. Several reviews suggest that radiation emitted by cell phones has an adverse effect on salivary glands and facial nerves. Analysis shows that the effect of mobile radiation on human brain and mobile phones operated by GSM is higher on brain activity compared to mobile phones operated by CDMA.(Tyagi et al., 2011)

Apart from negative effects some positive effects have also been documented. A paper reviewed has proposed the idea of NFC based mobile patient tracking and diagnosis system. Such a system increases medical response time, minimizes human error and reduces medical spending [21] Another study suggests that mobile based adherence systems increases adherence among people eventually leading to better therapy. The study supported the nascent theory that making mobile phones accessible to pregnant women will lead to an improvement in services as well as increase utilisation of the primary healthcare system which in turn can lead to a significant reduction in the maternity death rates [18]
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