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     Medical imaging plays a very important role in the clinical analysis and 

diagnosis of diseases by providing visual representations of the interior 

structures of a subject and/or the physiological processes hidden 

underneath the skin. Medical imaging also helps to establish a database 

with thousands of anatomical and physiological images. The emergence of 

these databases become a powerful tool for training both doctors and 

emerging machine-based systems to identify abnormalities. This resource 

will become more beneficial considering the significant breakthroughs 

developing in the fields of big data and machine learning [Giger et 

al.2018].  

    The field of medical imaging has employed many imaging techniques 

besides positron emission tomography (PET), the most notable being X-

ray computed tomography (CT), magnetic resonance imaging (MRI), 

ultrasound imaging (UI), and optical coherent tomography (OCT) Among 

these imaging techniques, PET has become one of the most powerful tools 

to acquire functional images due to its high sensitivity to differences in the 

metabolic and biological activities at the molecular level .PET is currently 

being used in a wide variety of clinical areas, such as oncology for cancer 

or tumor diagnosis and staging [Roh ren et al 2004], neurology for 

Alzheimer’s disease and movement disorders [Kadir et al .2012], and 

cardiology in coronary artery disease and myocardial viability assessment 

[Keng et al 2004].In recent years, PET has also become an important tool 

in preclinical applications where animal models are used in place of 

humans to study disease and experiment with new drug development and 

treatment strategies. While animal PET imaging is mostly for small 

rodents, there have also been studies done on primates due to the high 

homology of genes with humans [Nader et al 2008] 

Introduction 
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1. The aim of this study is to evaluate the effectiveness of (PET) imaging 

in the early detection and characterization of various malignancies. 

2. Assessing its impact on patient management decisions and outcomes 

compared to conventional imaging modalities like CT and MRI. 

3. Treatment Planning and Monitoring. 

4. Evaluation of Organ Function. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Aim of the Study 
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 Positron Emission Tomography (PET) scan 

    PET scan is a sophisticated imaging technique that provides detailed 

images of metabolic and biochemical processes within the body. It involves 

the administration of a radiotracer—a substance that emits positrons—into 

the patient. As the radiotracer accumulates in areas of high metabolic 

activity, such as tumors or inflamed tissues, it emits gamma rays when 

positrons collide with electrons. These gamma rays are detected by the PET 

scanner, allowing for the production of images that reflect the functional 

state of tissues and organs. PET scans are particularly valuable in oncology 

for tumor detection and monitoring, in cardiology for assessing heart 

function, and in neurology for evaluating brain disorders [Gambhir, S. S., 

et al .2009; Chen, C., et al .2021]. figure 1 

 
Figure (1): PET Scan 

 

Chapter one 

Review of literature 
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Table (1): PET Scan General Information 

 

Also Known As Positron Emission Tomography (PET) 

Type Nuclear Medicine Imaging 

Purpose Evaluate organ function and detect diseases 

Preparation Fasting, avoid strenuous activity 

Fasting Usually required 

Gender All genders 

Age Group All age groups 

Procedure Duration 1-2 hours 

Reporting Time Typically  within a few days 

Cost 10,000 - 40,000* INR 

Pregnancy Consideration Avoided during pregnancy 

Risks and Safety Low radiation, minor risks of allergies 

Accessibility Available in specialized centers 
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The Main Components of a PET Scan System include: 

1.  The detector ring which detects gamma rays emitted by the radiotracer 

 2. The radiotracer itself, which is injected into the patient 

3. The data acquisition system, which collects and processes gamma-ray 

data 

4.  Image reconstruction software, which converts data into 3D images 

 5.  Display monitor, which shows the PET scan images for interpretation. 

[Saha, G. B. 2016]. Figure 2 

 

 
PET Scan f TheoFigure (2): Component      
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BASIC PRINCIPL 

     The basic principle for PET is the coincident detection of a pair of 

gamma rays generated from the annihilation events of the positrons from 

the radioactive tracer injected into a subject. The radiotracers for PET 

applications are analogous to common biological molecules such as 

glucose, peptide, and proteins, in which a radioisotope is used to 

substitute one of the constituents of the tracer, For example, 18F is used 

to replace the 16O of glucose to produce 18F-fluorodeoxyglucose (FDG), 

which is analogous to glucose and can indicate levels of cellular 

metabolism    .another  widely used tracer is 11C-L-methionin analogous 

to the amino acid, which can be used as an indicator of  cancer 

malignancy based on the utilization of the amino acid [Saha, G.B. 

ng.2016; Brage et al 2014] . Figure 3 

 

  

Figure (3): Positron Emission Tomography (PET) Scan 
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-   During a PET scan, a radiotracer (a small amount of radioactive 

material) is injected into the patient. This tracer is typically a biologically 

active molecule (like glucose) that emits positrons as it decays. - The PET 

scanner detects these positrons, which collide with electrons in the body, 

resulting in the emission of gamma rays. The areas with higher metabolic 

activity which typically absorb more of the tracer will appear as "hot 

spots" on the scan [Cherry et al .2012]. Figure 4 

 

 

 

  Figure (4): Positron emission tomography scan showing malignant  

lytic lesion of the left mandible 
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Functional Imaging 

   Unlike conventional imaging techniques that provide anatomical 

pictures (like CT or MRI), PET scans reveal physiological functions and 

metabolic processes in real time. Areas of increased tracer uptake can 

indicate higher metabolic activity, commonly found in cancer cells, 

inflammation, or other high metabolic processes [Saha, G.B..2016]. 

Figure 5 

 

 

                  CT                            PET Scan MRI   

 

          Figure (5): Differences between PET Scan ,CT and MRI  
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Common Types of The Radio tracer 

 

1. Fluorodeoxyglucose (FDG) 

  Primarily used in oncology to detect and stage cancers. FDG is a 

glucose analog, so it accumulates in areas of high glucose 

metabolism, such as tumors. It's also helpful in evaluating the 

response to cancer treatments [Kinahan PE et al .2010]. 

2. Technetium-99m (Tc-99m) 

Used in a variety of diagnostic procedures, including bone scans, 

cardiac perfusion imaging, and detecting malignancies. Tc-99m is 

versatile due to its suitable half-life (6 hours) and gamma emission, 

making it ideal for many applications in nuclear medicine [Kohli, 

M.D., & Gupta, M. 2020; Brenner, D.J., & Hall, E.J. 2007]. 

3. Iodine-123 (I-123) 

Commonly used in thyroid imaging to evaluate thyroid function and 

detect thyroid cancers. It is also used in imaging studies of the brain 

and heart [Bombardieri et al. 2010]. 

4. Gallium-68 (Ga-68) 

 Used for imaging neuroendocrine tumors, lymphomas, prostate 

cancer, and in research settings. Ga-68 is often used in combination 

with specific peptides for targeted imaging [Hofman et al. 2020]. 

5. Fluorine-18 Sodium Fluoride (NaF-18) 

 Used for bone imaging to assess bone metastases or other bone-

related conditions. It has high sensitivity for detecting early bone 

disease [Grant et al. 2008]. 
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6. Carbon-11 (C-11) Methionine 

 Primarily used to assess brain tumors and other conditions 

involving amino acid metabolism, as it serves as a tracer for protein 

synthesis [Singhal et al. 2010]. 

7. Oxygen-15 (O-15) Water 

 Used in research and clinical settings for measuring cerebral blood 

flow. O-15 water has rapid uptake and washout characteristics 

[Peeples et al.2011]. 

8. Nitrogen-13 (N-13) Ammonia 

 Used in cardiac imaging to assess myocardial perfusion. N-13 

allows for the evaluation of blood flow in the heart muscle [Kohli, 

M.D., & Gupta, M. 2020:; Brenner, D.J., & Hall, E.J. 2007]. 
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FDG Uptake in PET Scans 

     

      Fluorodeoxyglucose (FDG) is the most commonly used radiotracer in  

(PET) scans, particularly for imaging various types of cancer. The uptake 

of FDG in PET scans provides valuable information about the metabolic 

activity of tissues and is a critical parameter in diagnosing, staging, and 

monitoring cancer [Koo, H. J., et al. 2016; Kohli et al. 2020]. 

   Despite the chemical differences, cellular uptake of FDG is similar as for 

glucose. FDG passes the cellular membrane through facilitated transport 

mediated by the glucose transporters (GLUTs), of which more than 14 

different isoforms have been identified in humans differing in their tissue 

distribution and affinity for glucose [Macheda et al. 2005]. 

 

 

Mechanism of FDG Uptake 

    According to [Koo, H. J., et al. 2016; Kohli, M.D., & Gupta, M. 

2020"] the Mechanism of FDG Uptake include: 

1. Biochemical Properties  

     FDG is a glucose analog that mimics glucose but has a radioactive 

fluorine atom substituted for a hydroxyl group. This substitution prevents 

FDG from being metabolized after it is taken up by cells. 

    Cells that have a high rate of glucose metabolism, such as cancer cells, 

uptake FDG more readily than normal cells because they require more 

energy due to their rapid growth and proliferation. 

2. Metabolic Activity  

      Once administered intravenously, FDG is distributed throughout the 

body and is taken up by tissues based on their metabolic activity. The areas 
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of higher FDG uptake typically indicate increased glucose metabolism, 

which can be associated with tumor activity. 

 

3. Imaging 

    After a specific period, during which the FDG is allowed to accumulate 

in the tissues, the PET scanner detects the gamma rays emitted during the 

decay of the radioactive fluorine. The resulting images reveal the 

distribution of FDG within the body. Figure 6   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6): Positron emission tomography-computed tomography showed 

hypermetabolic lesion on the left cheek area 
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Preparation of The Patient to PET scan Procedure 

• We recommend a high-protein, low-carbohydrate diet for 24 h before 

scanning and Alcohol and nicotine products are completely avoided 

for 12 h before the scan [Shankar LK, et al. 2006]. 

• We recommend complete fasting for a mini mum of 6 h before the 

scan, including cessation of tube feeding, dextrose-containing 

intravenous fluids, and parenteral hyperalimentation. During this time, 

only plain (unflavored) water is permitted, and there should be 

absolutely no sugar or carbohydrate intake of any kind, including 

gum, candy, or breath mints [Delbeke D, et al.2006]. 

• Routine medications may be taken, unless you have been instructed 

otherwise. If you are diabetic (Home blood glucose checks should be 

performed in the days leading to the PET exam to ensure adequate 

blood glucose levels (#200 mg/dL)., you may take your diabetes 

medication no less than 4 hours prior to the exam [Shreve P, 

Townsend DW, eds. .2011: Cohade C et al. 2010]. 

• patient should wear comfortable clothing and may be advised to avoid 

wearing jewelry or other metal objects that could interfere with 

scanning. Loose clothing is preferred as patients may need to lie still 

during the scan [Almusa H., et al. (2018)].  

• Limit intense physical activity 24 hours prior to your exam. This 

includes running, heavy lifting, sports, yoga, and deep massages 

[Shreve P, Townsend DW, eds. 2011]. 
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• Pertinent Clinical Information 

 

        A medical history should be obtained from each patient. Any history 

of previous treatment with radiation, chemotherapy or other experimental 

therapeutics, including when those therapies were performed and 

completed, should be documented. In particular, the use of medications 

that may affect the uptake or biodistribution of FDG, such as marrow-

stimulating cytokines or steroids, should be noted. This information is 

important in assessing the interval from the completion of a certain 

therapy to the time of the FDG-PET study in order to ensure that all 

relevant confounding clinical issues are identified. Proper interpretation 

of PET and PET images requires a thorough understanding of the normal 

physiological distribution of FDG in the body, along with knowledge of 

frequently encountered physiological variations in FDG distribution, and 

recognition of non-malignant causes of FDG uptake that can be confused 

with a malignant neoplasm. The interpreting nuclear medicine physician 

should be familiar with these pitfalls. The referring physician should be 

aware of these factors when deciding whether and when to request a PET 

study and when interpreting the clinical significance of the PET findings 

 [ Vienna et al 2010]. 

• Pregnancy 

           If the examination is to be performed on a pregnant woman, the 

ALARA (as low as reasonably achievable) principle should be followed. 

The most effective ways to reduce the absorbed dose to the fetus are: (I) to 

encourage the woman to drink water and to void frequently after the 

injection of the lowest possible FDG dose (perform 3-D PET instead of 2-

D); (ii) to use a ‘low dose radiotracer’; and (iii) to limit the scan area so 

that it covers only the region of interest [Leide-svegborn et al. 2010]. 
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Clinical Application of The (PET) Scans 

       Positron Emission Tomography (PET) scans have several important 

clinical applications, especially in the fields of oncology, neurology, and 

cardiology.   PET is currently being used in a wide variety of clinical areas, 

such as oncology for cancer or tumor diagnosis and staging [Roh ren, 

E.M.et al.2004], neurology for Alzheimer’s disease and movement 

disorders [Kadir, A.et al.2012], and cardiology in coronary artery disease 

and myocardial viability assessment [Keng, F.Y. .2004]. One of the most 

prominent clinical applications of PET scans is in oncology, particularly 

for the detection, staging, and monitoring of cancer [Kohli, M.D., & Gupta, 

M. 2020]. 

   Apart from staging, PET is increasingly being used for planning radiation 

treatment in head and neck cancers [Ciernik et al.2003]. Squamous cell 

carcinoma is the most common cancer in the head and neck region. It is 

highly FDG avid and easily detected by FDG PET. PET has been found 

useful in localizing the site of unknown primary tumor in 25%-35% of 

patients with metastatic cervical lymphadenopathy [Rege link G et al.2002; 

Gould MK et al .2011]. 

 

Clinical Application 

1.  Oncology 

   Detection and Staging of Cancer [Kohli, M.D., & Gupta, M. 2020] 

   PET scans are widely used in the diagnosis and management of various 

types of cancers. The technique is particularly valuable for: 

a. Identifying Metabolic Activity  

  PET scans can detect areas of increased metabolic activity, which is 

often indicative of malignant tumors. For example, cancer cells 
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typically have higher glucose metabolism compared to normal cells, 

making FDG-PET scans effective for tumor identification.  

b. Staging 

  PET imaging helps determine the extent of cancer spread (staging), 

which is crucial for treatment planning. It allows oncologists to 

visualize the tumor and assess whether there is lymphatic or distant 

metastasis. 

  c. Monitoring Treatment Response 

 Following treatment (such as chemotherapy or radiation therapy), 

PET scans can evaluate the effectiveness of the intervention by 

assessing changes in metabolic activity within the tumor. A decrease 

in FDG uptake often correlates with a positive treatment response. 

2. Infection and Inflammation 

• Osteomyelitis: 

     osteomyelitis, or infection of the bone, is caused by viruses, 

bacteria, and fungi. The infection may be localized or may involve 

periosteum, cortex, marrow, and cancellous tissue. Acute 

hematogenous osteomyelitis is caused by seeding of organisms 

within the bone that are transported through the bloodstream from 

a remote source. Acute osteomyelitis also can be due to the spread 

of organisms from direct trauma, a contiguous focus of infection, 

and postoperative sepsis [Osman DR, et al. 2002].  

    FDG-PET identifies active jawbone infections, especially in 

complex cases where CT/MRI is inconclusive, FDG is transported 

into cells via glucose transporters and is phosphorylated by 
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hexokinase to 18F-2′- 18F-FDG-6 phosphate but is not metabolized 

further. FDG accumulates in neutrophils, macrophages, and 

activated lymphocytes and its uptake in these cells is related to their 

metabolic rate and the number of glucose transporters. Increased 

FDG uptake in inflammation presumably is due to several factors. 

There is an increased number of glucose transporters and an 

increased expression of these glucose transporters by activated 

inflammatory cells. It is important to remember that although FDG 

accumulates in infection, it is a nonspecific tracer that also 

accumulates in aseptic inflammation and malignant lesions [Love C, 

et al .2005]. 

 

• Temporomandibular Joint (TMJ) Disorders 

         PET detects inflammatory activity in TMJ arthritis [Basu, S., et 

al. 2012]. 

    Diagnosing prosthetic joint infection with FDG-PET has been 

investigated extensively. in an investigation of 74 prosthetic joints, 

including 21 infected devices, found that the presence of increased 

FDG activity along the bone prosthesis interface indicated the 

presence of infection [Zhuang H, et al.2001] 

 

3. Bone Graft and Reconstructive Surgery Assessment 

     PET assesses metabolic activity in bone grafts (e.g., free fibular flaps) 

to confirm successful integration [Kato, H., et al. 2015]. 
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4. Dental Implant Planning 

     PET identifies regions of high osteoblastic activity to optimize implant 

placement. Dental implant success relies heavily on bone quality and 

metabolic activity. While conventional imaging (e.g., CT, cone-beam CT) 

assesses bone structure, PET scans provide functional/metabolic insights, 

enhancing preoperative planning, particularly in complex cases [Benic 

GI, et al. 2015]. 

 

5. Osteonecrosis Monitoring 

    Osteonecrosis of the jaw (ONJ), particularly bisphosphonate-related 

osteonecrosis of the jaw (BRONJ) or medication-related osteonecrosis of 

the jaw (MRONJ), is a severe complication characterized by exposed 

necrotic bone in the maxillofacial region [Yamazaki Y, et al. 2010]. 

Figure7 

 

Figure (7): PET/CT image of the Medication-related osteonecrosis of the 

jaw 
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Advantage of Using a PET Scan Machine 

    PET scan machines offer numerous advantages in the realm of medical 

diagnosis and treatment. These benefits make them an invaluable tool in 

modern healthcare. 

 

1. High Sensitivity for Metabolic Activity 

     PET scans detect metabolic changes at the cellular level, making them 

highly sensitive for early disease detection, particularly in cancer [Yoon, 

D. Y., et al. 2020]. 

2. Ability to Differentiate Between Benign and Malignant Lesions 

     PET scans can distinguish between benign and malignant tumors based 

on metabolic activity, reducing the need for invasive biopsies [Kim, S., et 

al. 2022]. 

3. Whole-Body Imaging Capability 

     PET scans can image the entire body in a single session, making them 

useful for detecting metastatic disease or systemic conditions [Basu, S., et 

al. 2020]. 

 

4.  Combination with CT or MRI (PET-CT/PET-MRI) 

     Hybrid imaging techniques like PET-CT and PET-MRI combine the 

functional information of PET with the anatomical detail of CT or MRI, 

improving diagnostic accuracy [Schoder, H., et al. 2021]. 
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5. Quantitative Analysis 

      PET scans provide quantitative data, such as Standardized Uptake 

Value (SUV), which helps in objectively assessing disease severity and 

treatment response [Ng, S. H., et al. 2019]. 

6. Monitoring Treatment Response 

     PET scans are highly effective in monitoring the response to 

chemotherapy, radiation therapy, or surgery by tracking changes in 

metabolic activity [Wong, R. J., & Lin, D. T. 2020]. 

7. Accurate Staging and Restaging of Cancer 

     PET scans are invaluable for staging cancers, assessing lymph node 

involvement, and detecting distant metastases. They are also used for 

restaging after treatment [Burton SC, Frey K, Fahey F, et al.2023]. 
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Disadvantages of PET Scans Machine 

1. High Cost: 

• PET scans are expensive due to the cost of the equipment, 

radiotracers, and specialized personnel required to operate and 

interpret the scans [Hicks, R. J., et al. 2019]. 

2. Limited Availability: 

• PET scanners are not widely available, especially in rural or low-

resource settings, due to their high cost and technical complexity 

[Basu, S., et al. 2020]. 

3. Limited Utility in Certain Conditions 

• Poor differentiation of tumor subtypes (e.g., low-grade vs. high-

grade gliomas). Limited value in organs with high baseline glucose 

uptake (e.g., brain, liver) [Cherry et al. 2017]. 

4. Limited Anatomical Information: 

• PET scans provide functional and metabolic information but lack 

detailed anatomical context. This limitation is often addressed by 

combining PET with CT or MRI (PET-CT or PET-MRI), but this 

increases cost and radiation exposure [Ng, S. H., et al. 2019]. 

 

5. Time-Consuming Procedure: 

• PET scans require significant preparation time, including the 

injection of radiotracers and a waiting period for tracer uptake, 

which can take 30–90 minutes. The scanning process itself can also 

be lengthy [Yoon, D. Y., et al. 2020]. 
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6. Patient Preparation Requirements: 

• Patients must fast for several hours before a PET scan to ensure 

accurate results, which can be inconvenient. Additionally, diabetic 

patients may require special preparation due to the effects of blood 

glucose levels on tracer uptake [Wong, R. J., & Lin, D. T. 2020]. 

7. False Positives and False Negatives: 

• PET scans can produce false positives due to inflammation, 

infection, or benign tumors that also show increased metabolic 

activity. Conversely, small or slow-growing tumors may result in 

false negatives [Kim, S., et al. 2022]. 
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Side Effect of The PET Scan 

      In general, PET scans are safe and rarely cause problems. The amount 

of radiation in the radioactive tracer is very low. It doesn’t stay in your 

body for long. You should drink lots of water after a PET scan to help flush 

the radioactive drug from your body. 

PET scans generally only pose risks in the following situations: 

1. Allergic Reactions to Radiotracers: 

   Although rare, some patients may experience an allergic reaction to the 

radiotracer (e.g., fluorodeoxyglucose or FDG). Symptoms can include 

rash, itching, or, in very rare cases, anaphylaxis [delbeke et al.2006; Hicks, 

R. J., et al. 2019]. 

2. Radiation Exposure: 

     PET scans involve exposure to ionizing radiation from the radiotracer. 

While the dose is generally low and considered safe, repeated scans can 

increase cumulative radiation exposure, which may pose long-term risks 

[Dornfeld, 2008] 

3. Discomfort or Pain at Injection Site: 

      The injection of the radiotracer can cause mild pain, redness, or 

swelling at the injection site. This is usually temporary and resolves 

quickly [Keng, F.Y.2004]. 
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4. Claustrophobia or Anxiety: 

     Some patients may experience anxiety or claustrophobia during the 

scan, as they are required to lie still in a confined space for an extended 

period [Mazzarino, M., et al. (2014)]. 

5. Risk for Pregnant or Breastfeeding Women: 

     PET scans are generally avoided in pregnant women due to the potential 

risk of radiation exposure to the fetus. For breastfeeding women, there is a 

risk of radiotracer excretion in breast milk, which could affect the infant 

[Burton SC, Frey K, Fahey F, et al.2023]. 

6. False Positives or False Negatives: 

     While not a direct side effect, PET scans can sometimes produce false 

positives (e.g., due to inflammation or infection) or false negatives (e.g., in 

slow-growing tumors), which can lead to unnecessary anxiety or missed 

diagnoses [Graebe, m., et al.2010]. 
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      Understanding how a PET scan machine works provides valuable 

insights into its critical role in modern medical diagnostics. By detecting 

positron-emitting radioactive tracers, PET scans offer detailed images of 

metabolic activity and molecular functions within the body. The 

integration of components such as the detector ring, radiotracer, data 

acquisition system, image reconstruction software, and display monitor 

ensures precise imaging and accurate interpretation. This advanced 

technology aids in the detection and management of various conditions, 

including cancer and heart diseases, making it an indispensable tool in 

healthcare. As technology continues to evolve, PET scan machines will 

undoubtedly become even more sophisticated, further enhancing their 

diagnostic capabilities and improving patient outcomes. 
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