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Abstract :
Laser applications in medicine have become increasingly precise, thanks to their supe-

rior surgical and diagnostic capabilities, making them indispensable tools for a more effec-
tive future. Lasers are no longer limited to cutting and cauterizing in surgery; they have 
become the foundation of precision medicine, offering effective treatments with minimal 
side effects. In surgery, lasers have replaced the traditional scalpel in many specialties. 
This technology is characterized by its superior cutting and vaporization capabilities, as 
well as its exceptional control over the depth of tissue removal. It also features intraop-
erative coagulation, significantly reducing bleeding and improving the surgeon’s field of 
vision. In ophthalmology, lasers have proven their ability to perform complex procedures 
within the eye without fully opening it, thereby enabling faster healing and reduced risk. 
In diagnostics, laser technologies have revolutionized the field. The pinnacle of medical 
laser development lies in the use of nanoparticles injected into the body to target cancerous 
cells, for example, selectively. When a specific frequency is applied, the temperature of 
the targeted cell rises dramatically, leading to the destruction of the malignant cell from 
within without harming surrounding healthy cells. This technique, known as photothermal 
therapy, is a model of targeted therapy that greatly reduces the side effects of traditional 
treatments such as chemotherapy.
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مستخلص:

أصبحــت تطبيقــات الليــزر في الطــب أكثــر دقــة بفضــل قدراتهــا الجراحيــة والتشــخيصية الفائقــة، ممــا يجعلهــا أدوات لا 
غنــى عنهــا لمســتقبل أكثــر فعاليــة. لم يعــد الليــزر يقتــر عــى القطــع والكــي في الجراحــة؛ بــل أصبــح أســاس الطــب الدقيــق، 
مقدمًــا علاجــات فعالــة بأقــل آثــار جانبيــة. في الجراحــة، حــل الليــزر محــل المــرط التقليــدي في العديــد مــن التخصصــات. 
ــة الأنســجة.  ــة إلى تحكمهــا الاســتثنائي في عمــق إزال ــة بقدرتهــا الفائقــة عــى القطــع والتبخــر، بالإضاف ــز هــذه التقني تتمي
كــا تتميــز بالتخثــر أثنــاء الجراحــة، ممــا يقلــل النزيــف بشــكل كبــر ويحســن مجــال رؤيــة الجــراح. في طــب العيــون، أثبــت 
الليــزر قدرتــه عــى إجــراء عمليــات معقــدة داخــل العــن دون فتحهــا بالكامــل، ممــا يضمــن شــفاءً أسرع ومخاطــر أقــل. في 
التشــخيص، أحدثــت تقنيــات الليــزر ثــورة في هــذا المجــال. وتكمــن ذروة تطويــر الليــزر الطبــي في اســتخدام الجســيمات 
النانويــة المحقونــة في الجســم لاســتهداف الخلايــا السرطانيــة بشــكل انتقائــي، عــى ســبيل المثــال. عنــد تطبيــق تــردد محــدد، 
ــل دون الإضرار  ــن الداخ ــة م ــة الخبيث ــر الخلي ــؤدي إلى تدم ــا ي ــر، مم ــكل كب ــتهدفة بش ــة المس ــرارة الخلي ــة ح ــع درج ترتف
بالخلايــا الســليمة المحيطــة. تُعــرف هــذه التقنيــة باســم العــاج الضوئــي الحــراري، وهــي نمــوذج للعــاج الموجــه الــذي 

يقلــل بشــكل كبــر مــن الآثــار الجانبيــة للعلاجــات التقليديــة مثــل العــاج الكيميائــي.
الكلمات المفتاحية: الليزر ، تطبيقات في الطب ، تشخيص ، علاج.
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Introduction

The use of lasers in medicine is no 
longer limited to cutting and cauterizing 
procedures in general surgery. Rather, 
the past few decades have witnessed a 
radical transformation that has placed 
this technology at the heart of what is 
known today as modern and precision 
medicine. The development of medical 
lasers began with theoretical discover-
ies about the possibility of light ampli-
fication in the mid-20th century. With 
the production of the first practical la-
ser in the 1960s, medical researchers 
began exploring the potential of these 
structured beams with their unique 
properties, monochromaticity, paral-
lelism, and coherence on biological 
tissues. Early applications were rudi-
mentary and limited, primarily focused 
on surgery using laser heat to cut tissue 
or cauterize small blood vessels. How-
ever, these modest beginnings demon-
strated enormous potential in terms of 
reducing bleeding and improving pre-
cision compared to traditional surgical 
instruments. The precisely tunable na-
ture of lasers in terms of wavelength, 
pulse intensity, and exposure time, 

opens up limitless possibilities. Lasers 
are no longer merely instruments of 
thermal destruction; they have become 
highly accurate diagnostic tools and a 
means of selective treatment at the cel-
lular and molecular levels (1-3).  

This natural evolution leads us to 
the use of lasers as an advanced surgi-
cal tool. The thermal properties of la-
ser beams (such as carbon dioxide and 
erbium lasers) are utilized to make ex-
tremely precise surgical incisions, with 
the ability to control the depth of pen-
etration to within a few micrometers. 
These beams also coagulate small blood 
vessels during the incision, preventing 
blood loss and maintaining a clear sur-
gical field, which in turn reduces oper-
ating time and the risks associated with 
blood transfusions. This is also evident 
in ophthalmology, where the excimer 
laser is used effectively and safely in 
vision correction procedures and cata-
ract removal (4,5).

There are diagnostic techniques such 
as optical coherence tomography This 
provides high-resolution cross-sec-
tional images of tissues, similar to an 
instant “visual biopsy” , particularly in 
ophthalmology and dermatology. Con-
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focal microscopy techniques give a 
live cellular view, and spectral sensing 
reveals biochemical changes in tissues, 
paving the way for the early detection 
of diseases such as cancer (6). 

As for treatments like photody-
namic therapy and photothermal ther-
apy, light-sensitive materials or smart 
nanoparticles are used and directed at 
diseased cells (such as cancer cells). 
When activated by a laser of a specific 
wavelength, these materials selective-
ly destroy the targeted cells while pre-
serving the surrounding healthy tissue. 
This approach revolutionizes tradition-
al treatments and promises a signifi-
cant reduction in painful side effects (7).

This research highlights the strate-
gic shift in medical philosophy from 
“general treatment” to “personalized 
treatment.” Advanced laser technolo-
gies, combining ultra-precise diagnosis 
with highly specialized treatment, are 
not merely technical tools, but techno-
logical platforms that enable clinicians 
to understand patients on an unprece-
dented individual level and treat them 
more safely and effectively. By exam-
ining this trajectory, this research aims 
to provide a clear vision of how lasers 

have redefined the boundaries of pos-
sibility in medicine and how they will 
continue to drive the healthcare revolu-
tion in the foreseeable future.

Practical part
This systematic review was conduct-

ed in accordance with the guidelines 
where We adopted a comprehensive 
methodology for collecting and analyz-
ing data from clinical studies published 
between 2018 and 2023. Major scientif-
ic databases, including PubMed, Sco-
pus, Web of Science, and the Cochrane 
Library, were searched. We used a 
range of specialized keywords such as 
“laser therapy,” “medical applications 
of lasers,” “laser surgery,” and “photo-
dynamic therapy.” The search equation 
included related terms to cover all rel-
evant aspects. Study selection criteria 
were randomized clinical trials or pro-
spective studies with samples of more 
than 50 patients, including a follow-up 
of approximately 6 months, and pub-
lication in peer-reviewed journals. In-
dividual case reports, preclinical stud-
ies, and research lacking a comparator 
group were excluded. Data collection 
was systematic, using a standardized 
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form that included: patient demograph-
ics, laser specifications (wavelength, 
pulse energy, exposure time), clinical 
measures of efficacy, safety and com-
plication rates, and health-related qual-
ity of life measures. Statistical analysis 
using my software Using RevMan 5.4 
and SPSS 26, we applied a random-ef-
fects model to account for inter-study 
variance and considered a p-value < 
0.05 to be statistically significant. We 
assessed the quality of the included 
studies using the Cochrane Risk of 
Bias Assessment Tool and used ANO-
VA for average inter-study variance (I² 
= 45%). We conducted a comprehen-
sive sensitivity analysis, including sub-
group analysis by medical specialty, 
reanalysis after excluding low-quality 
studies, and complication rates across 
different specialties. We evaluated the 
economic aspects by comparing direct 
and indirect costs. We used advanced 
statistical models and performed mul-
tiple sensitivity analyses to address the 
challenges of variability in different 
laser protocols, the impact of the sur-
geons’ learning curve, and the limited 
follow-up period in some studies. To 
address these limitations, we adhered 

to the highest ethical standards, ensur-
ing that all included studies had ob-
tained the necessary ethical approvals 
and complied with the principles of the 
Declaration of Helsinki. We performed 
a double-check for data extraction and 
quality assessment to minimize errors 
and bias. We consulted with expert 
statisticians to ensure the validity of 
the analytical methodology used.

Results and discussion
Statistical analysis of the collected 

data on key findings demonstrates the 
remarkable superiority of laser tech-
nologies across various medical spe-
cialties, as illustrated in Tables (1-12)(8 

-50) .The study encompassed 12 medical 
specialties, with a total sample size of 
18,890 patients and 50 studies. 
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Table 4   L
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Based on the data in Tables (1-12), 
it can be concluded that laser tech-
nologies have revolutionized medical 
practice across various specialties. The 
results show that the average effec-
tiveness exceeds 85% in most special-
ties, with notable superiority in oph-
thalmology (95.5%), urology (95%), 
and general surgery (92%). Dentist-
ry stands out for its low rate of seri-
ous complications. The wavelengths 
used are in the 2000-2100 nm range. 
The highest success rates are achieved 
in surgical applications, while shorter 
wavelengths (532 nm) are more effec-
tive in superficial and microsurgical 

applications. A clear relationship has 
been established between laser power 
or energy density and improved clin-
ical outcomes. In lithotripsy applica-
tions, the optimal power ranged from 
1.5 to 3.0 J, while in microsurgery, the 
power ranged from 5 to 20 WIt can be 
concluded that laser technologies have 
revolutionized medical practice across 
various specialties. The results show 
that the average effectiveness exceeds 
85% in most specialties, with notable 
superiority in ophthalmology (95.5%), 
urology (95%), and general surgery 
(92%). These results are consistent 
with study (3), which predicted the 

Table  12 Comprehensive comparison of laser effectiveness 
in all medical applications

) 46-50 ( 

Medical applications Average 
effectiveness

Recovery time 
(days) Complication rate Cost savings

General surgery 92% 5-7 6% 25%

Neurology 77% 10-14 12% 20%

Heart disease 88% 7-10 8% 30%

Nose and ear 91% 3-5 5% 35%

Urinary tract 95% 3-5 4% 40%

Gynecology 89% 5-8 7% 28%

ophthalmology 95.5% 2-5 3% 35%

dentistry 92.8% 1-2 4% 28%
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possibility of achieving effectiveness 
exceeding 90% in selective applica-
tions, but they surpass the expectations 
of study (1), which estimated the maxi-
mum effectiveness at only 85%.

Dentistry is characterized by a low 
rate of serious complications. This is 
consistent with the results of study (51), 
which showed a complication rate of 
only 2.1% in root canal treatment, but 
it is better than the complication rate of 
4.5% reported by study (52).

Wavelengths in the 2000–2100 nm 
range achieve the highest success rates 
in surgical applications, while short-
er wavelengths (532 nm) are more ef-
fective in surface and microsurgical 
applications. This confirms the theory 
of photoselectivity (1) but extends its 
scope to include new wavelengths not 
used at the time of the theory’s publi-
cation.

A clear relationship has been estab-
lished between laser power or energy 
density and improved clinical out-
comes. In lithotripsy applications, the 
optimal power ranges from 1.5 to 3.0 
J, while in microsurgery, it ranges from 
5 to 20 W. These values ​​are consistent 
with the recommendations of (53) for 

lithotripsy but higher than those sug-
gested by (4) for microsurgery.

The results indicate that laser pro-
cedures reduce recovery time by 30–
60% compared to conventional meth-
ods, with postoperative complications 
falling below 10% in most applica-
tions. This improvement exceeds the 
expectations of (54) in his theoretical 
models, which predicted an improve-
ment of only 20–40%, indicating fast-
er-than-expected technological prog-
ress.

Conclusions
Lasers have proven effective in 10 

major medical specialties, with the 
highest success rate in ophthalmology 
(95.5 %) and the lowest success rate 
in neurology (77%).The central ner-
vous system has a complex and highly 
delicate anatomical structure, making 
the boundaries between healthy and 
diseased tissues blurred and difficult 
to target. Furthermore, the nature of 
neurological diseases—often chronic, 
multifocal, or diffuse—complicates the 
effectiveness of localized laser thera-
py. Current technical limitations, such 
as the limited depth of laser penetra-
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tion into brain tissue and the high risk 
of thermal damage to non-regenerative 
neurons, also contribute to this modest 
success rate compared to specialties 
like ophthalmology.

Nevertheless, this percentage rep-
resents significant progress in a field 
where traditional surgical treatment 
was fraught with considerable risks. 
It provides a foundation for future 
development, as ongoing research in 
deep laser and functional neuroimag-
ing-guided lasers promises improved 
outcomes in the coming years. The av-
erage improvement in results was up to 
35% compared to traditional methods, 
cost savings ranging between (20-40 
%), a (45 %) reduction in hospital stay, 
and a faster return to normal life.

Future Recommendations
For researchers, the focus should be 

on developing intelligent laser systems 
integrated with artificial intelligence, 
studying the effects of new wave-
lengths on tissues, and then develop-
ing standardized protocols for various 
applications. For medical staff, train-
ing in safety and efficacy standards is 
essential, along with adherence to sci-
entifically proven guidelines, partici-

pation in clinical trials to develop ap-
plications, and support for the adoption 
of laser technologies in hospitals.
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