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focused on manipulating and altering all three of the basic 
requirements for image production: the patient, the image-
generating equipment (finding alternatives to ionizing radi-
ation), and the image receptor.

Each diagnostic modality has distinct advantages and 
disadvantages, and thus, attempts are being made to com-
bine two or more techniques to deliver better results [1]. 
The combinations aim to provide both anatomic and func-
tional information about the region of interest, thereby 
enriching the clinical implications [2]. Advanced imaging 
techniques, such as computed tomography (CT) and mag-
netic resonance imaging (MRI), permit exact anatomic 
delineation of lesions from surrounding structures, and aid 
in analyzing internal structures of lesions. However, these 
techniques fail in the detection of metastatic lymph nodes 
and prediction of responses to chemoradiation. Molecular 
imaging in its broadest definition represents methodologies 
that allow visualization of events at the cellular or molec-
ular level and permit biologic imaging [3]. Signals from 
various intracellular targets, such as cell surface receptors, 
transporters, intracellular enzymes, or mRNAs, are evalu-
ated. Estimation of the biological nature of a lesion, includ-
ing its cellularity, growth rate, and response to different 
treatment regimens, may play an invaluable role in diagno-
sis, prognostication, and treatment planning [4].

The combination (fusion) of two imaging techniques, 
developed in recent years, is known as coregistration, 
hybrid technique, or fusion imaging [5]. The aim of 
this review is to summarize the existing modalities for 
fusion imaging of the head and neck and their clinical 
applications. Image fusion is the process of aligning and 
superimposing images obtained by two different imag-
ing modalities under specific conditions [6]. By uniting 
metabolic function with anatomic form, fusion imaging 
depicts the human body with a new level of precision. 

Abstract  Image fusion is the process of registering and 
combining multiple images from single or multiple imag-
ing modalities to improve the imaging quality and applica-
bility. It reduces randomness and redundancy to increase 
the diagnostic value of images for better assessment of 
medical problems. Fusion imaging was designed to over-
come the disadvantages of morphological and/or functional 
imaging, and attempts to provide inputs that improve treat-
ment planning, resulting in better prognostication. This 
review attempts to summarize the techniques and their 
applications in head and neck imaging.
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Introduction

Dental radiology has long played an exciting and critical 
diagnostic role in dentistry, and this has never been truer 
than now with the rapidly expanding array of available 
imaging modalities. Based on simple intraoral periapical 
radiography, several medical imaging modalities have been 
introduced in recent times, and continue to be developed at 
a phenomenal rate. Meanwhile, totally, new imaging tech-
niques have also been introduced, and the resolution and 
image quality of existing systems are continually being 
refined and improved. Research and development have 
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According to James et  al. [7], “Medical image fusion is 
the process of registering and combining multiple images 
from single or multiple imaging modalities to improve the 
imaging quality and reduce randomness and redundancy 
to increase the clinical applicability of medical images 
for diagnosis and assessment of medical problems”.

Radiological interpretation of certain clinical situa-
tions can be tricky, wherein the role of fusion imaging 
becomes crucial [8]. Interpretation of images is compli-
cated when contrast perfusion (monitoring of a contrast 
agent through the microvasculature after injection) is 
disrupted by prior surgery or radiotherapy that can lead 
to tissue damage or necrosis, meaning that the contrast 
patterns can mimic those associated with neoplasia. In 
turn, this makes it difficult to define the anatomic extent 
of disease, which is necessary for planning of highly con-
formal radiation treatment or highly targeted therapeutic 
regimens [9].

Historical review

Hasegawa and colleagues are to be credited for the con-
ception and design of the first combined SPECT/CT unit 
in the 1990s [10, 11]. Following this, many other emi-
nent physicists and scientists have paved the way toward 
the modern era of fusion imaging. In 1998, Townsend 
and coworkers at the University of Pittsburgh pioneered 
the development of a combined PET/CT imaging sys-
tem, with the capability of recording both PET emission 
and X-ray transmission data for correlated functional/
structural imaging [12, 13]. Recently, compact and cost-
effective designs for dual-modality systems have been 
established with the goal of offering a more economic 

approach to multimodality imaging for institutions with 
limited resources.

Diagnostic imaging modalities

Anatomic imaging

Imaging modalities, such as CT and MRI, reflect the nor-
mal anatomy and anatomic changes. Delineation of organs 
and structures is enhanced with the use of contrast agents. 
Despite these advances, in tissues with similar densities, 
normal and pathological tissues cannot be differentiated 
with good sensitivity and specificity, because there is little 
information on the metabolic activity of organs and lesions, 
e.g., detection of metastases in normal-size lymph nodes. 
These modalities can only detect cancers when they are 
≥1  cm in diameter, i.e., when they consist of >109 cells. 
The advantages and disadvantages of various anatomic 
imaging modalities are summarized in Table 1.

Functional imaging

Evolution of imaging modalities that can assess the bio-
logic domain of lesions can help toward better understand-
ing of lesion pathophysiology and allow better evaluation 
of treatment strategies. Molecular imaging detects changes 
at the cellular level, early in the disease course, before 
structural changes can even be seen on CT/MRI [14]. Thus, 
such techniques may permit customization of treatment and 
better prognostication. Molecular imaging helps in deter-
mining the extent/severity of disease, selection of therapy, 
efficacy of a particular regimen, assessment of disease pro-
gression, and identification of recurrence. Differentiation of 
viable malignant tissue or active infection from normal tis-
sue and nonviable remnants can be achieved by functional 

Table 1   Anatomic imaging modalities

Imaging modality Advantages Disadvantages Fusion modalities

1 Magnetic resonance imaging Soft issue is imaged with 
high accuracy

No exposure to radiation

Sensitive to movement
Longer scan time

Ultrasound-MRI
MRI-CT
MRI-PET
MR-SPECT

2 Computed tomography Short scan time
High imaging resolution

Limited tissue characterization 
because of nature of X-ray source

MRI-CT
SPECT-CT
Ultrasound-CT
FDG-PET-CT

3 Cone-beam computed tomography Short scan time
Lower radiation exposure

Low image quality
Unreliable density measurements

CBCT-PET
MR-CBCT

4 Ultrasound imaging Cost-effective
No exposure to radiation
Easy access

Inferior morphological assessment
Significant interobserver and intrao-

bserver variability

Ultrasound-MRI
Ultrasound-CT
MRIgFUS
Real-time virtual sonography
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imaging with 18-fluorodeoxyglucose (18F-FDG-PET) 
scanning [15]. Other tracers help in visualizing important 
parameters, such as DNA synthesis, mitotic activity, pro-
tein synthesis, local ischemia, and expression of tumor-spe-
cific receptors [16]. However, the major drawbacks of PET 
scanning are the relatively low spatial resolution of images 
and poor recognition and delineation of anatomic structures 
[17, 18]. Advanced MRI techniques, such as dynamic MRI 
and MR spectroscopy (MRS), also show functional aspects, 
such as vascularity, blood perfusion, oxygenation, and bio-
chemical information. Moreover, MRI contrast agents have 
been developed to label specific tissues. The advantages 
and disadvantages of various molecular imaging modalities 
are summarized in Table 2.

Combined imaging

When fused, the anatomic information derived from CT/
MRI and the functional information generated by PET 
provide better detail about the lesion in question. Thus, 
fusion imaging improves the diagnostic value beyond the 
sum of the individual modalities. The three major areas of 
focus in studies on image fusion [19–21] are: (a) identifi-
cation, improvement, and development of imaging modali-
ties useful for image fusion; (b) development of different 
techniques for image fusion; and (c) application of image 
fusion to human organs of interest for assessment of medi-
cal conditions.

Advantages of fusion imaging [22–24]

1.	 Provides structural and functional information in the 
same image.

2.	 Accurate identification of tumor/metastasis margins, 
enabling better tumor staging. The technique also per-
mits a better identification of small recurrent tumors 
obscured by scar tissue at sites of radiation or postop-
erative necrosis.

3.	 Identification of lymph node metastasis or small tumor 
areas missed by CT/MRI.

4.	 Differentiation of active sites in an anatomically undis-
cernible lesion, thus improving the reading efficiency.

5.	 Detection of large tumors lying in clinically inaccessi-
ble areas, such as the hypopharynx or maxilla.

6.	 Locating the primary lesion in cases with unknown 
primary tumors.

7.	 Helps in treatment planning, guidance of biopsy, sur-
gery, or radiation therapy, and prognostication.

8.	 Improves confidence in diagnosis when one modality 
alone is not definitive.

9.	 Permits quantification of differences between scans.

Disadvantages of fusion imaging [22, 24]

1.	 Resultant image may be less clear than the parent 
images.

2.	 Lower spatial resolution and greater degradation of 
spectral resolution.

3.	 Image distortion, such as ringing artifact or blocking 
effect, may be inherent.

4.	 High cost and low availability.
5.	 Blurring may affect contrast of the image.
6.	 Complexity of the procedure.
7.	 Majority of techniques are still in experimental stages 

and need refinement.
8.	 Limitations imposed by specific imaging modalities or 

nature of the clinical problem.

Applications of fusion imaging

The information provided by anatomic and molecular 
imaging modalities has spurred the development of various 
strategies for multimodality image registration and fusion 
that are currently used in clinical practice.

1.	 PET-CT/PET-MR [24]. (a) Used for detection of 
osseous metastases. (b) Has the extra advantage of 
detecting occult primary, associated visceral, and 
unsuspected metastases in addition to osseous metas-
tases. (c) Used for assessment of metabolic activity in 
malignant lesions, and evaluation of staging, treatment 
response, and long-term prognostication. (d) PET-MR 
is particularly helpful for excluding residual disease 
and identifying candidates for salvage surgery after 
chemoradiation. (e) PET-MR is useful for delineation 
of gross tumor volume in radiotherapy in oral and oro-
pharyngeal cancers. (f) PET-CT is superior to CT/MRI 
for detecting occult cervical node metastases.

2.	 A 68Ga-DOTA-NOC scan is used to identify tumors 
expressing somatostatin receptors, the most common 
being neuroendocrine tumors [25].

3.	 18F-choline is used to identify lesions with high con-
tents of choline (cell membrane proliferation marker), 
similar to MRS [26].

4.	 18F-angiography can be used to assess neovasculari-
zation of tumors, similar to CT and MR perfusion. 
CT and MR perfusion scans are technically limited, 
because a whole body scan is not possible [27].

5.	 Epilepsy and dementia imaging. Among the neuro-
logical diseases, CT and MRI detect unsuspected clini-
cally significant lesions in only 5% of patients with 
dementia. Hypometabolic areas of the brain can be 
epileptogenic foci in the interictal phase on 18F-FDG-
PET imaging. These foci can be better localized on 
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high-resolution MRI fused with PET scans. In addi-
tion, MR-tractography images can be fused with PET 
images as well as routine MRI to demonstrate foci of 
white matter and grey matter hypertrophy correspond-
ing to hypometabolic areas on PET [28].

6.	 Fusion imaging with color Doppler and MRI in cardiac 
imaging can extend the field of view in echocardiog-
raphy and display both anatomic and hemodynamic 
information, thus improving the information derived 
with either modality alone [29].

7.	 Infection and inflammation. Among the usual imag-
ing modalities, CT is the typical choice for detection 
of osseous involvement, while MRI is preferred for 
soft-tissue involvement because of its superior soft-tis-
sue contrast and higher sensitivity to tissue edema and 
hyperemia. In nuclear medicine studies, several agents 
are used for detection of sites of infection and inflam-
mation, the commonest being indium-111, technetium-
99m (99mTc)-labeled leukocytes, and gallium-67 citrate 
[30–32].

Process of fusion imaging

The two stages of any classical image fusion method are: 
(1) image registration and (2) fusion of relevant features 
from the registered images. Image registration requires a 
method to correct any spatial misalignment between the 
different image data sets, and often involves compensation 
of variability resulting from scale changes, rotations, and 
translations [33].

Levels of image fusion

In reading two imaging studies, such as PET and CT, three 
levels of image fusion are possible: visual, software, and 
hardware fusion.

Visual fusion [34]

The reviewer traditionally has a film print or digital display 
of a previously recorded CT scan next to the PET images 
and overlays the images in their mind while performing the 
review. This is called visual fusion. Based on clinical expe-
rience, Jager et al. [35] estimated that there was a need to 
look at CT images in only about 20% of cases. They also 
stated that, in the majority of these cases, visual fusion 
gave sufficient information with no actual need for or addi-
tional value from software or hardware image fusion.Ta
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Software‑based image registration and fusion [36]

For exceptional digital communication in medicine 
(through digital imaging and communication in Medi-
cine-DICOM) connectivity, compatibility between vari-
ous imaging modalities is required for software-based 
image registration and fusion, which can be challenging to 
perform.

Two main strategies are followed to perform rigid regis-
tration, as described in the following:

Identification of similar structures in the two images and 
subsequent minimization of a “distance measure” between 
these structures.

Voxel-for-voxel measuring of the full three-dimensional 
data for matching. The criterion that drives this registra-
tion algorithm is known as the “similarity measure”. These 
approaches include minimization of histogram dispersion, 
maximization of mutual information, or maximization of 
correlation ratio.

The various fusion techniques following software fusion 
are described in the following.

MR‑CT imaging [37]

Procedure MR images are initially acquired after immo-
bilizing the patient, followed by acquisition of CT images. 
The two types of images are then integrated through auto-
matic fusion by the software using anatomic structures. The 
fused images permit a better tumor volume evaluation [34].

Uses This modality is used for gross tumor volume 
delineation in oral and oropharyngeal cancer. It was 
reported that each system has certain inaccuracies, such as 
streak artifacts, partial volume effects, similar densities of 
healthy and malignant tissue on CT, and need for heteroge-
neity on MRI. Improved soft-tissue contrast, better cranio-
caudal resolution, and no streak artifacts or radiation are 
the strong points of MRI. When both modalities were used, 
MRI was found to be better for visualization of soft-tissue 
borders and bone-marrow invasion, while CT provided a 
better visualization of tumor–fat boundaries and bone cor-
tex invasion.

Real‑time virtual sonography (RVS) [37–39]

Procedure This technique enables the display of ultrasound 
(US) B/color Doppler images and CT/MR images in real 
time. The system includes a magnetic positioning sen-
sor fixed on the probe of the US scanner, to create images 
with identical cross sections in real time. This is achieved 
by the position and angle of the probe in relation to previ-
ously acquired CT and MRI volume data. To display virtual 

images, it is necessary to transfer the CT or MRI data to the 
US machine. The workstation monitor displays two images: 
US real-time image and virtual reconstructed CT/MR mul-
tiplanar reconstruction image.

Uses This RVS module is used for radiofrequency abla-
tion and assessment of tumor angiogenesis.

Combined US‑CT imaging/hybrid 
ultrasonographic techniques

Procedure Registration of CT data to intraprocedural US 
images is carried out using specific anatomic and topo-
graphical landmarks during real-time US examination [5]. 
Magnetic tracking devices are installed in both the US 
probe and the ablation electrode. An electromagnetic track-
ing system, composed of a transmitter and a small receiver 
(mounted on the US probe), provides the position and ori-
entation of the US probe in relation to the transmitter. This 
permits correct representation in size and orientation of the 
second modality image. Preoperative CT data are incor-
porated before ablation by manual registration. However, 
CT examination with such fusion imaging modalities must 
meet the following requirements:

Volume data must be archived in the DICOM format.
Slice thickness should be 3 mm or less and reconstruc-

tion images should have the same thickness.
CT scan area must include some standard anatomic 

structures, such as the xiphoid process.
Uses The use of tracked US, alongside multimodal reg-

istration of US to preoperative CT data, has huge potential 
for improving ablation treatments [40]. Many uncertain-
ties regarding intraoperative tumor localization and deliv-
ery can be removed by precisely mapping the preoperative 
and planning data into the coordinate system of the live US 
during the actual procedure.

Hardware‑based multimodality imaging

The images are acquired using special equipment designed 
for the purpose, with the patient undergoing both imaging 
procedures in sequence. The individual images and fusion 
images are all available for later evaluation. The images 
are interpreted by both radiologists and nuclear medicine 
physicians who can view the CT images, PET images, and 
fused PET/CT data, followed by preparation of the associ-
ated clinical report (Figs. 1, 2, 3).

Combined PET/CT instrumentation [41]

Procedure Dual-modality imaging systems are available to 
record CT and PET examinations sequentially. The patient 
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is positioned on the table of the dual-modality imaging 
system and undergoes an “overview” or “scout” image to 
identify the axial extent of the CT and PET examinations. 
The patient then undergoes low-dose spiral CT acquisi-
tion, followed by the PET examination starting at approxi-
mately 1 h after FDG administration. The CT and PET data 
are reconstructed and registered, with the CT data used for 
attenuation correction of the reconstructed PET images. In 
some cases, contrast-enhanced CT is used to correct the 
PET data for photon attenuation, and the low-dose CT scan 
is no longer needed.

Uses Functional imaging using dynamic contrast-
enhanced CT or MRI sequences may allow improved 
knowledge of head and neck squamous tumors. PET may 
allow further physiological information to be determined.

1.	 18F-FDG-PET-CT utilizes the fact that activated mono-
nuclear cells and neutrophilic granulocytes are associ-
ated with infection-respiratory bursts (large quantities 
of glucose being utilized through hexose monophos-
phate shunts), resulting in higher FDG uptake in infec-
tion sites. Besides this, physiologic FDG uptake in the 
hematopoietic marrow is relatively low, making PET-
CT a promising imaging technique for acute as well 
as chronic non-osseous and osseous inflammatory and 
infectious diseases.

2.	 FDG-PET-CT appears to be useful for differentiat-
ing disk space infection and erosive degenerative disk 
disease, wherein both MRI and 99mTc bone scans may 
give false-positive readings.

3.	 In soft-tissue infections, discrimination of active infec-
tious lesions from residual changes arising from cura-
tive processes or postoperative changes can be detected 
at an early stage by PET-CT.

Combined PET/MRI instrumentation [42, 43]

Procedure In early MRI-compatible PET units, photomul-
tiplier tubes (PMTs) were kept at a reasonable distance 
from the strong magnetic field of the clinical MRI unit. The 
detectors were coupled to long optical fibers (4–5 m), lead-
ing the weak scintillation light outside the fringe magnetic 
field to position-sensitive PMTs. Subsequent investiga-
tors developed PET/MRI systems with suitable solid-state 
detectors that can be operated within the magnetic field 
for PET imaging. These systems include avalanche pho-
todiodes (APDs) and Geiger-mode avalanche photodiodes 
(G-APDs).

Uses These systems are being assessed in clinical set-
tings to exploit the full potential of anatomic MRI in terms 
of high soft-tissue contrast sensitivity, in addition to the 
many other possibilities offered by this modality, such as 

Fig. 1   Plain axial CT demonstrating a soft-tissue mass in the left 
parotid region

Fig. 2   PET scan of the same patient showing hot spots in the tumor 
mass, suggestive of high metabolic activity

Fig. 3   Fused PET-CT image providing both anatomic and functional 
detail
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blood oxygenation level-dependent (BOLD) imaging, 
functional MRI, diffusion-weighted imaging, perfusion-
weighted imaging, and diffusion tensor imaging. Hybrid 
PET/MRI scanners combine the high soft-tissue contrast 
of MRI with the molecular and/or metabolic information of 
PET.

MRI‑cone‑beam computed tomography (CBCT)

Although MRI-CBCT fused images are slightly more 
limited than CBCT images alone for detection of osseous 
abnormalities, use of fused images has improved consist-
ency among examiners in detecting disk positions relative 
to the condyle [44].

CBCT‑PET

This integration is being tried for image-guided radiother-
apy protocols and is in the experimental stages. The accu-
racy is comparable to that of CT-PET.

MRI‑guided focused US surgery (MRIgFUS) [45]

Procedure This involves the combination of two technolo-
gies: MRI and ultrasonography. Ultrasonography uses 
a precisely-focused high-power acoustic beam to detect 
focused tissue necrosis by protein denaturation and capil-
lary bed destruction. Meanwhile, MRI serves as an excel-
lent imaging modality that provides three-dimensional 
images.

Uses Al-Hille et  al. [46] reported that MRIgFUS can 
ablate soft-tissue tumors in bone. It is very effective for 
pain palliation in a single treatment, especially for painful 
metastases, and can be repeated in case of pain recurrence. 
The therapy also has great potential for combination with 
radiation.

The combination of these technologies has led to a 
breakthrough in image-guided therapy delivery systems, 
and fulfills the requirement of “ideal surgery”. The various 
advantages of this technique over other surgical treatments 
are as follows:

1.	 It requires no incision.
2.	 It has no bio-effects. Focused US permits concentrated 

US energy to be delivered into deep-seated tissues, 
without thermal effects on the surrounding tissues.

3.	 It can be repeated multiple times, whenever necessary.
4.	 Thermal ablations can be monitored by the temperature 

sensitivity of MRI.
5.	 It provides a precise definition of the targeted tumor 

volume, compared with actual visual inspection after 
surgery.

6.	 It is a better imaging modality for tumor localization or 
any soft-tissue pathology, compared with US or CT.

7.	 It does not require an aggressive approach.
8.	 It can be used for debulking of cancerous tissue.

Conclusions

Image fusion is the process of combining relevant infor-
mation from a set of images into a single image, wherein 
the fused image becomes more informative and complete, 
and has increased applications compared with the input 
images. Although fusion imaging already has wide clinical 
applications in oncology, refinement of the existing tech-
niques for a wide array of practical applications may serve 
to further expand the current fusion imaging protocols and 
applications.
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