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Abstract: Objective: To highlight the noticeable thermal effects of laptops on not only dermal tissues and genitals but also joint cartilage, 

as well as the long - term negative effects. Materials and Methods: A study was conducted on 225 patients in the KRUSHI Orthopaedic 

Welfare Society Research wing, and the data was analysed with their consent (2020 - 2024). Various other databases like PubMed and 

others were also searched, and to our surprise, we found that the research done on this daily workplace and home - based hazard has not 

been researched enough yet since 2002: Ito A. et al. (2014) the latest reference on this topic. [1] as per our records. Results: In our study, 

we recorded 41 degrees temperature, and in the literature, 62 degrees have been reached on the surface of our laptops, which affects the 

scrotal temperature, degrading the sperm quality and fertility due to DNA fragmentation along with electromagnetic fields and the Wi - 

Fi radiation. In expected mothers, the EMF generated passes directly from the mother's tissues to the growing foetus. Discussions: 

Erythema ab igne (EAI) is a thermal burn seen as reticulated erythema and hyperpigmentation and may even cause second or third - 

degree burns. Our study has shown that the temperature record goes up as high as 39.6 degrees Celsius. This means a core temperature 

of +1 adding up to 39.6+1.0=40.6 or rounding off to 41 degrees Celsius or 105.8°F. The reason could be obstructed ventilation, hardware 

malfunction, prolonged usage, or contact areas changing with posture, resulting in heat build - up in the laptop. Our study reported 

patients with increasing wrist pain, fatigue, redness or erythema, which makes it necessary for an immediate larger population study to 

understand the slow thermal energy - induced degenerative effects on the human cartilage as animal and mammalian studies have shown 

cell arrest at 42 degrees Celsius. Precautions include the use of protective gear, insulating covers, cooling techniques, and short breaks 

when the work is hectic from the laptop. Conclusions: Pain, redness, and mild stiffness in the wrist region diminished when laptop usage 

was discontinued for 3 - 4 days, indicating a transient adverse effect. The permanent sequelae need to be studied in human cartilage 

models as the user group today has young children with immature bones using laptops for online studies.  
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1. Introduction 
 

To highlight the dangers of prolonged usage of laptops with 

close body contact for office and extended office hours, which 

may be the cause of unilateral wrist pain, which is reversible 

pain at first but leads to wrist cartilage damage, skin damage 

and radiation to the growing foetus, impaired 

spermatogenesis and other serious occupational or 

recreational health hazards. [more studies are needed].  

 

Objective: The objective of this article is to show the reader 

that laptops can have a negative role if not used safely and 

surprisingly, there are very few research articles.  

Aetiology: The source of heat is infrared and electromagnetic 

radiation. [19].  

 

LC emissions are complex waveforms generated by the main 

AC power supply and by the sub - system’s display power 

supply.  

 

The magnetic flux density has two components 

1) Field amplitude,  

2) weighted peak (WP) index.  

 

There are models specific to higher emitting radiation. A 

study using numerical dosimetry techniques, current density, 

and in - situ electric fields was conducted and studied using 
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the Scalar Potential Finite Difference (SPFD) numerical 

method in a Quasi - Static scenario, and the electromagnetic 

dosimetry was evaluated for electromagnetic dosimetry in 

quasi - static conditions.  

 

 
Figure 1: Shows an, image of the Employers are providing Laptops which cause both thermal injury and other postural 

orthopaedic complaints on the long run due to abnormal postures. 

 

Pathophysiology:  

Electromagnetic fields (EMF) create induced currents found 

to be in the range of 1.8 - 6 μT and these cause magnetic flux 

to the user or to the foetus in the womb when the laptop is 

used for prolonged hours. This range is considered within the 

values recommended by NIR & ICNIRP guidelines - as per 

the MPR II & TCO, this range of 1.8 - 6 μT EMF is considered 

high and considered risky for Tumour development.  

 

Laptops send out two energies:  

1) LTC - induced currents are within the normal 

recommendations set by the ICNIRP [within 34.2% to 

49.8%]. This range is not negligible.  

2) The Laptop with the power cord connected induces 

strong intracorporal electric current densities of 182 - 

263% & 71 - 483% higher than that recommended by the 

ICNIRP to prevent hazards to the user’s health.  

 

As per VOSS, et al (2006), The viability of the chondrocytes 

to thermal energy was studied, and the following was the 

conclusion:  

 

At 37 degrees temperature, chondrocyte viability differs in 

each of the four layers of the cartilage calculated as the mean 

+/_ SEM percentage:  

A) Layer 1: 76 ± 3.5%;  

B) Layer 2: 79 ± 3.4%;  

C) Layer 3: 62 ± 6.1%;  

D) Layer 4: 50 ± 6.2%.  

They found the percentage of viable cells to decrease for each 

increase in temperature higher than 45°C, and when the 

temperatures increased from 50° to 55°C, the largest decrease 

in viability was noticed.  

 

Treatment:  

1) The initial clinical features of redness, burning, pain, and 

discomfort disappear with avoidance of the Lap top usage 

for a few hours to a few days, but if it is used for more 

prolonged hours, then slowly, as per the animal and 

mammalian studies slow changes of degradation of the 

dermis, cartilage and the synovial tissue will ensue as the 

temperature raises with non - stop usage with raising 

radiations.  

2) Prevention is better than cure - which in our view is 

“PREVENTIVE ORTHOPEDICS” by using wrist soft 

padding, gloves with padding, and lap blankets.  

3) Switching over to a desktop with a larger monitor for 

better cervical posturing and better distance away from 

the source of the continuous radiations. {Today, till some 

great innovation comes in when laptops are 

discarded…Laptops are very much a part of our daily 

routine}.  

 

2. Discussion 
 

Research of our own case studies in Krushi O W S research 

wing and review of the Physical Findings and Images from 

various publications:  

 

In this antegrade study of our patient's volume of 225 in 

Krushi Orthopaedic Welfare Society & retrograde survey of a 

few published reports, our findings reveal that the most 

suitable temperature clinically to work with laptops was at 37 

degrees and variations cause discomfort in the contact areas 

with the laptop…and a retrograde study of the research 

articles themed on thermal injury revealed that “Cell 

proliferation was more at 37°C than at 32°C and 41°C” [1]  
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Figure 2: Shows the laptop temperature at 33.5 degrees 

Celsius at 19: 00 hours. This picture is from a study done in 

the Krushi O W S research unit. 

 

 
Figure 3: Shows the laptop temperature at 37.8 degrees 

Celsius at 19: 20 hours. 

 

 
Figure 4: shows the laptop temperature at 39.6 degrees 

Celsius at 19: 58 hours, equivalent to 41 degrees Celsius 

[when the core temperature of 1 degree is added after one 

hour of usage. 

 

In most of the research articles, findings are mostly from the 

sheep and pig cartilage and only sparse research on 

mammalian cartilage models, raising an important alert that 

more studies must be done on human cadaveric models 

urgently as this paucity of research on human cartilage models 

will give false sense of security to the human lap top user as 

then we are blinded to how laptop generated heat causes slow 

and chronic cartilage degeneration from mild damage. The 

references given below are a testimony of how sparse the 

research on this important topic is:  

 

It was observed that there is a reduction of cartilage growth at 

low temperatures due to a lower metabolic rate and expression 

of cold shock response genes [2].  

 

The most suitable body temperature for cell growth is 37 

degrees.  

 

In research on cell death, acute reactions caused by heat 

stimuli have been well - studied [3.4].  

 

At temperatures from 32 - 41°C, chondrocytes may not 

experience cell death, even if exposed for a long period of 

time. The final stage of cell death is seen as the appearance of 

tunnel - positive cells, which are DNA - fragmented cells in a 

stage of APOPTOSIS, confirmed in a TUNEL assay or a 

TUNEL deoxynucleotidyl transferase dUTP nick - labelling 

assay.  

 

 
Figure 5: shows a comparison chart of how the cell number 

in chart A, cell viability in chart B, and Tunel positive cells 

in chart C vary with temperature elevation (least cell death is 

seen at 37 degrees Celsius. [1] 

 

Tunel - positive cells are DNA - damaged cells as identified 

by Tunel assay or Tunel where DNA fragmentation is seen 

leading to apoptosis, considered the final stage of cell death. 

The proportion of TUNEL - positive cells on Day 3 was also 

low at < 1% of the total cells (Fig 4) [1].  

 

Cartilage - protective factors and degradative factors are 

present.  

 

TIMP1 and TIMP2 proteins are cartilage - protective factors 

that combine with MMP proteins like MMP13, which are 

cartilage degradative factors of type II collagen protein and 
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result in upgradation in a temperature - dependent manner 

inactivating the function of the MMP Proteins [5].  

 

In the study, as per an article by Li, Wen H. et al. the relative 

amounts of the MMP & TIMP proteins were assessed at the 

mRNA level in their study but not at the protein level (6)  

 

In Human Skin, Fibroblasts and epidermal Keratocytes - 

when thermal energy is applied, in the MMP1 proteins, there 

is more mRNA expression, and it is upregulated (7, 8)  

 

When thermal stress is applied, the denatured proteins in the 

cytosol are reactivated by the Chaperon proteins HSP70 into 

better - activated states to restore Haemostasis (9).  

 

More studies have to be done on human cartilage tissue as the 

effects of the thermal environment on the MMP1 mRNA 

expression differs depending on the cell species as enhanced 

chondrocyte anabolism due to thermal stimulus could induce 

heat stress tolerance. { this protecting mechanism needs more 

research on human cartilage models }.  

 

Wheatley et al. reported that mammalian cells seemed to 

tolerate temperatures of 42°C, whereas at 43°C cell death 

rapidly occured and this became the threshold temperature 

(10).  

 

Hojo et al have reported that heat stimulus at 41°C for 15 or 

30 min increased the viability of chondrocytes, and the 

borderline temperature that determines the increase or 

decrease of their metabolism would be between 41°C and 

43°C. (11).  

 

Moreover, they have indicated that these effects vary, not only 

according to temperature but also according to the duration of 

exposure.  

 

However, the influence of chronic exposure is still unclear 

(12)  

 

It was demonstrated that the cell viability of the cartilage 

chondrocytes did not change in the temperature of the range 

of 32 - 41°C until Day 8 of culture (Fig 5).  

 

The proportion of TUNEL - positive cells on Day 3 was also 

low at < 1% of the total cells.  

 

Therefore, at temperatures from 32 - 41°C, chondrocytes may 

not experience cell death, even if exposed for a long period of 

time.  

 

Many children and young adults are spending prolonged 

hours with their laptops on their laps daily (12).  

 

Clinical Examination Findings:  

‘erythema ab igne’, “toasted skin syndrome”, was reported in 

a case report (12) on the left thigh of a 17 - year - old girl who 

used a laptop computer four to five hours daily for nine 

months who had no past medical history and presented with 

burning, itching in the erythematous lesions with a brown, 

reticular, non - blanchable cutis marmorata on the left anterior 

thigh, approximately the size of a palm. Blood tests were 

normal for ANA screening. Minimal Dermal Inflammation 

was reported on skin biopsy. ‘erythema ab igne cause laptop’ 

(“redness from fire”) was the diagnosis as she rested her 

laptop on her thighs for prolonged hours, and the left - sided 

lesion corresponded to the left - sided battery inside the 

laptop.  

 

 
Figure 6: Erythema ab igne (12), which are erythematous 

lesions with a brown, reticular, non - blanchable cutis 

marmorata. 

  

 
Figure 7: The temperature on the thighs was measured after 

our patient had been sitting with the laptop on her thighs for 

an hour 

 

The temperature started at 27°C on both thighs, and after an 

hour was recorded in the article (12) to reach 33 to 38 degrees 

Celsius.  

 

Redness from fire or Erythema ab igne is also seen usually in 

the elderly using heating pads or hot - water bottles, stoves, 

and workers shovelling hot coal.  

 

Continuous exposure causes transient erythema leading to 

reticulate pigmentation, keratosis which can develop later into 

squamous cell carcinomas. (13) As this erythema ab igne is 

precancerous, (14) contact with laptop since childhood must 

be supervised and regulated and the fact remains that if the 

heat exposure is stopped early, the prognosis is extremely 

good.  
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Figure 8: Shows Second degree burns with erythema, blebs 

and secondary infection (28) 

 

An incomplete paraplegic with impaired sensations who used 

a laptop for 5 hours suffered second - degree burns (28) in the 

area of close contact with the extractor fan of the laptop.  

 

Rarely third - degree thigh burns are also seen.  

 

Most cases can be managed conservatively, while 

interventions like debridement, grafting, or amputation may 

have to be done in severe burns.  

 

These severe burns are more likely in Individuals with 

impaired lower extremity sensation, altered consciousness, or 

decreased mobility.  

 

Hence, awareness must be spread among laptop users about 

the risks of thermal injuries and the importance of using 

protective equipment to eliminate these hazards.  

 

The scrotal temperature after the thermal exposure may rise 

to three degrees in one hour, affecting spermatogenesis and 

ultimately leading to male infertility (15)  

 

Research has revealed that elevated scrotal temperatures may 

reach 60 degrees, which results in testicular hyperthermia, a 

condition associated with impaired spermatogenesis in some 

cases with close contact laptop usage as per a 2004 study 

published in ‘Human Reproduction”. where already previous 

research has notified that even a rise of 1 to 2 degrees 

temperature is detrimental for sperm viability (24, 25, 26, 27).  

 

In an article (16), The relationship between laptop usage and 

the appearance of Angio Lipomatosis, which is presented as 

mottled skin after being exposed to infrared radiation, was 

mentioned.  

 

In an article (17), Alsharif S. (2016), R RRiah et al. (18) 

emphasised the Laptop Computer Induced Erythema ab igne.  

 

 
Padded gloves for protection against laptop radiations to 

the wrist 

 

3. Conclusion 
 

New laptops need to be designed with lower radiation 

emissions.  

 

Gadgets like the olden Microwave radiometry (MR) have to 

be innovated with alerting sensors with AI tools to alert the 

user to keep padding or a laptop table as the intensity of the 

radiation and the tissue temperature have a directly 

proportional relationship, and these tools must be able to 

detect the relatively subtle changes of temperature in human 

tissues in depth non - invasively and accurately as the 

exposure time to the EMF and infra - red radiations increase 

with each hour of usage.  

 

Disclaimer: No relevant funding support was received for 

this study from external sources. The guidelines of 

HELSINKY were followed, and the ethics committee 

certificate has been issued.  

 

Conflicts of Interest: There is no conflict of interest.  

 

References 
 

[1] Ito A et al, (2014),’ Effects of the thermal environment 

on articular chondrocyte metabolism: a fundamental 

study to facilitate establishment of an effective 

thermotherapy for osteoarthritis’. J Jpn Phys Ther 

Assoc; 17 (1): 14 - 21. doi: 10.1298/jjpta. Vol17_003. 

PMID: 25792904; PMCID: PMC4316549.  

[2] Mohamed B. Al - Fageeh, C. Mark Smales; Control and 

regulation of the cellular responses to cold shock: the 

responses in yeast and mammalian systems. Biochem J 

15 July 2006; 397 (2): 247–259. doi: https: //doi. 

org/10.1042/BJ20060166.  

[3] Dewhirst, M. W., Viglianti, B. L., Lora - Michiels, M., 

Hanson, M., & Hoopes, P. J. (2003). Basic principles of 

thermal dosimetry and thermal thresholds for tissue 

Paper ID: SR241120060752 DOI: https://dx.doi.org/10.21275/SR241120060752 1198 

http://www.ijsr.net/
https://doi.org/10.1042/BJ20060166
https://doi.org/10.1042/BJ20060166


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 13 Issue 11, November 2024 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

damage from hyperthermia. International Journal of 

Hyperthermia, 19 (3), 267–294. https: //doi. 

org/10.1080/0265673031000119006 

[4] Yarmolenko, P. S., Moon, E. J., Landon, C., Manzoor, 

A., Hochman, D. W., Viglianti, B. L., & Dewhirst, M. 

W. (2011). Thresholds for thermal damage to normal 

tissues: An update. International Journal of 

Hyperthermia, 27 (4), 320–343. https: //doi. 

org/10.3109/02656736.2010.534527.  

[5] Kafienah W, Al - Fayez F, Hollander AP, Barker MD: 

Inhibition of cartilage degradation: a combined tissue 

engineering and gene therapy approach. Arthritis 

Rheum.2003, 48: 709 - 718.  

[6] Li, Wen H. et al. ‘Transient Receptor Potential 

Vanilloidmanner - 1 Mediates Heat - Shock - Induced 

Matrix Metalloproteinase - 1 Expression in Human 

Epidermal Keratinocytes’, Journal of Investigative 

Dermatology, Volume 127, Issue 10, 2328 – 2335.  

[7] Park CH, Lee MJ, Ahn J, Kim S, Kim HH, Kim KH, 

Eun HC, Chung JH: Heat shock - induced matrix 

metalloproteinase (MMP) - 1 and MMP - 3 are mediated 

through ERK and JNK activation and via an autocrine 

interleukin - 6 loop. J Invest Dermatol.2004, 123: 1012 

- 1019.  

[8] Li WH, Lee YM, Kim JY, Kang S, Kim S, Kim KH, 

Park CH, Chung JH: Transient receptor potential 

vanilloid - 1 mediates heat - shock - induced matrix 

metalloproteinase - 1 expression in human epidermal 

keratinocytes. J Invest Dermatol.2007, 127: 2328 - 

2335.  

[9] Morimoto RI, Kroeger PE, Cotto JJ: The transcriptional 

regulation of heat shock genes: a plethora of heat shock 

factors and regulatory conditions. EXS.1996, 77: 139 - 

163. [DOI] [PubMed] [Google Scholar] 

[10] Wheatley DN, Kerr C, Gregory DW: Heat - induced 

damage to HeLa - S3 cells: correlation of viability, 

permeability, osmosensitivity, phase - contrast light - , 

scanning electron - and transmission electron - 

microscopical findings. Int J Hyperthermia.1989, 5: 145 

- 162. [DOI] [PubMed] [Google Scholar].  

[11] Hojo T, Fujioka M, Otsuka G, Inoue S, Kim U, Kubo T: 

Effect of heat stimulation on viability and proteoglycan 

metabolism of cultured chondrocytes: Preliminary 

report. J Orthop Sci.2003, 8: 396 - 399. [DOI] [PubMed] 

[Google Scholar].  

[12] Yarmolenko PS, Moon EJ, Landon C, Manzoor A, 

Hochman DW, Viglianti BL, Dewhirst MW: 

Thresholds for thermal damage to normal tissues: an 

update. Int J Hyperthermia.2011, 27: 320 - 343. [DOI] 

[PMC free article] [PubMed] [Google Scholar].  

[13] Jagtman BA. Erythema ab igne due to laptop computer. 

Contact Dermatitits.2004; 50: 105–105.  

[14] Bilic M, Adams BB. Erythema ab igne induced by a 

laptop computer. J Am Acad Dermatol.2004; 50: 973–

4.  

[15] Sheynkin Y, Jung M, Yoo P et al. Increase in scrotal 

temperature in laptop computer users. Hum 

Reprod.2005; 20: 452–5.  

[16] Caucanas M, Müller G, Vanhooteghem O. Dermatol 

Reports.2011 Sep 9; 3 (2): e22. doi: 10.4081/dr.2011. 

e22. eCollection 2011 Aug 3. PMID: 25386274 Free 

PMC article.  

[17] Alsharif S. (2016), Laptop Computer Induced Erythema 

ab igne: A Systematic Review of Case Reports. J Clin 

Exp Dermatol Res 7: 319. doi: 10.4172/2155 - 

9554.1000319.  

[18] R RRiahi, P R Cohen (2012) “Laptop - induced 

erythema abigne: Report and review of literature., ” 

Dermatology online journal 18: 5.  

[19] Zoppetti N et al, (2011), ’Evaluation and 

characterization of fetal exposures to low frequency 

magnetic fields generated by laptop computers’. Prog 

Biophys Mol Biol.107 (3): 456 - 63. doi: 10.1016/j. 

pbiomolbio.2011.10.003. Epub 2011 Oct 15. PMID: 

22019904.  

[20] Bellieni, CV et al, (2012), Exposure to electromagnetic 

fields from laptop use of "laptop" computers. Arch 

Environ Occup Health.67 (1): 31 - 6. doi: 

10.1080/19338244.2011.564232. PMID: 22315933.  

[21] Shaeffer J, El - Mahdi AM, Carr KL (1982) 

Thermographic detection of human cancers by 

microwave radiometry. Prog Clin Biol Res 107: 509–

21.  

[22] Barrett AH, Myers PC (1975) Microwave 

thermography: a method of detecting subsurface 

thermal patterns. Bibl Radiol 6: 45–56.  

[23] Voss, J. R et al (2006). Effects of thermal energy on 

chondrocyte viability. American Journal of Veterinary 

Research, 67 (10), 1708 - 1712. Retrieved Oct 17, 2024, 

from https: //doi. org/10.2460/ajvr.67.10.1708.  

[24] https: //www.sciencedaily. 

com/releases/2004/12/041208235208. htm Sheynkin Y, 

Jung M, Yoo P, Schulsinger D, Komaroff E. Increase in 

scrotal temperature in laptop computer users. Hum 

Reprod.2005 Feb; 20 (2): 452 - 5. doi: 

10.1093/humrep/deh616. Epub 2004 Dec 9. PMID: 

15591087.  

[25] Mortazavi SA, Taeb S, Mortazavi SM, Zarei S, Haghani 

M, Habibzadeh P, Shojaei - Fard MB. The Fundamental 

Reasons Why Laptop Computers should not be Used on 

Your Lap. J Biomed Phys Eng.2016 Dec 1; 6 (4): 279 - 

284. PMID: 28144597; PMCID: PMC5219578.  

[26] Safari M, Mosleminiya N, Abdolali A. Thermal 

mapping on male genital and skin tissues of laptop 

thermal sources and electromagnetic interaction. 

Bioelectromagnetics.2017 Oct; 38 (7): 550 - 558. doi: 

10.1002/bem.22068. Epub 2017 Aug 11. PMID: 

28799651.  

[27] Sheynkin Y, Welliver R, Winer A, Hajimirzaee F, Ahn 

H, Lee K. Protection from scrotal hyperthermia in 

laptop computer users. Fertil Steril.2011 Feb; 95 (2): 

647 - 51. doi: 10.1016/j. fertnstert.2010.10.013. Epub 

2010 Nov 5. PMID: 21055743.  

[28] Jacob NC, Zarugh A, Suraliwala KH. Thermal burns on 

lower limb resulting from laptop use: A case report and 

review of literature. Indian J Plast Surg.2014 Sep - Dec; 

47 (3): 441 - 3. doi: 10.4103/0970 - 0358.146652. 

PMID: 25593437; PMCID: PMC4292129.  

Paper ID: SR241120060752 DOI: https://dx.doi.org/10.21275/SR241120060752 1199 

http://www.ijsr.net/
https://doi.org/10.1080/0265673031000119006
https://doi.org/10.1080/0265673031000119006
https://doi.org/10.3109/02656736.2010.534527
https://doi.org/10.3109/02656736.2010.534527
https://doi.org/10.1007/978-3-0348-9088-5_10
https://pubmed.ncbi.nlm.nih.gov/8856973/
https://scholar.google.com/scholar_lookup?journal=EXS&title=The%20transcriptional%20regulation%20of%20heat%20shock%20genes:%20a%20plethora%20of%20heat%20shock%20factors%20and%20regulatory%20conditions&author=RI%20Morimoto&author=PE%20Kroeger&author=JJ%20Cotto&volume=77&publication_year=1996&pages=139-163&pmid=8856973&doi=10.1007/978-3-0348-9088-5_10&
https://doi.org/10.3109/02656738909140444
https://pubmed.ncbi.nlm.nih.gov/2926182/
https://scholar.google.com/scholar_lookup?journal=Int%20J%20Hyperthermia&title=Heat-induced%20damage%20to%20HeLa-S3%20cells:%20correlation%20of%20viability,%20permeability,%20osmosensitivity,%20phase-contrast%20light-,%20scanning%20electron-%20and%20transmission%20electron-microscopical%20findings&author=DN%20Wheatley&author=C%20Kerr&author=DW%20Gregory&volume=5&publication_year=1989&pages=145-162&pmid=2926182&doi=10.3109/02656738909140444&
https://doi.org/10.1007/s10776-002-0643-2
https://pubmed.ncbi.nlm.nih.gov/12768484/
https://scholar.google.com/scholar_lookup?journal=J%20Orthop%20Sci.&title=Effect%20of%20heat%20stimulation%20on%20viability%20and%20proteoglycan%20metabolism%20of%20cultured%20chondrocytes:%20Preliminary%20report&author=T%20Hojo&author=M%20Fujioka&author=G%20Otsuka&author=S%20Inoue&author=U%20Kim&volume=8&publication_year=2003&pages=396-399&pmid=12768484&doi=10.1007/s10776-002-0643-2&
https://doi.org/10.3109/02656736.2010.534527
https://pmc.ncbi.nlm.nih.gov/articles/PMC3609720/
https://pubmed.ncbi.nlm.nih.gov/21591897/
https://scholar.google.com/scholar_lookup?journal=Int%20J%20Hyperthermia&title=Thresholds%20for%20thermal%20damage%20to%20normal%20tissues:%20an%20update&author=PS%20Yarmolenko&author=EJ%20Moon&author=C%20Landon&author=A%20Manzoor&author=DW%20Hochman&volume=27&publication_year=2011&pages=320-343&pmid=21591897&doi=10.3109/02656736.2010.534527&
https://www.indexindex.com/journal-of-clinical-experimental-dermatology-research/laptopinduced-erythema-abigne-report-and-review-of-literature-48681.html
https://www.indexindex.com/journal-of-clinical-experimental-dermatology-research/laptopinduced-erythema-abigne-report-and-review-of-literature-48681.html
https://www.indexindex.com/journal-of-clinical-experimental-dermatology-research/laptopinduced-erythema-abigne-report-and-review-of-literature-48681.html
https://doi.org/10.2460/ajvr.67.10.1708



