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Abstract
The possibility of performing a three dimensional (3D) imaging reconstruction of head and neck cancers during the pre-surgical

phase with specific software, enables the surgeons to better classify the tumor according to size and relationship with surrounding

tissues. Indeed, this is a critical point in head and neck oncology, both to better understand which structures are actually involved for
planning the resection, and to have a precise spatial study to fit the reconstruction, if needed. Thanks to iPlan Software we can draw

and reconstruction the anatomic structure envelopment of cancer and to plane a therapeutic strategy. We can increase to accuracy,
merging the different images obtained from CT, MR or PET.
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Introduction
It is noteworthy that an accurate preoperative imaging study together with histologic and/or cytological data are the mainstay of plan-

ning the approach to head and neck cancers. Indeed, topographic and morphologic indications are mandatory to understand resectability

of a cancer and to plan its surgical removal. The “two-dimensional” imaging approach is the gold-standard method to study a neoplasia

and to understand its anatomic relationships, in order to extrapolate the clinical TNM classification [1-3]. Recently, software that have
been developed for neurosurgery, orthopaedic surgery, and cardiac surgery, have been extended to other branches [4], allowing a new era

of augmented reality for assisted computer surgery with 3D imaging rendering and CAD/CAM applications in head and neck oncology.
The “3D Imaging” concept refers to a software which allows to elaborate a fusion of a series of images thanks to specific algorithms, for a
precise spatial and volumetric reconstruction of the target, for instance a head and neck neoplasia [5].

Case Report

A 39-year-old male patient was referred to our Clinic for persistent tongue pain. The patient reported chronic chewing trauma on the

right posterior edge of the tongue. During the clinical examination, a neoplasia of left mobile tongue of about 4 cm of diameter was evident
(Figure 1). During the work-up the patient underwent both oral cavity and neck computed tomography (CT) with contrast and magnetic

resonance (MR) with contrast. The exams showed a tumor with necrotic areas of about 4.5 x 3 cm (Figure 2) located on the posterior edge
of the right tongue. The tumor resulted confined to the ipsilateral muscular compartment with an initial extension along the intrinsic
musculature towards the opposite side of the tongue. In depth, the lesion resulted widely infiltrating the extrinsic tongue musculature.
In particular, the hyoglossus muscle was completely enveloped by the mass and it was not recognisable in its morphology and length; in
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addition, both the posterior part of the genioglossus up to the midline, and the styloglossus in its caudal section were involved (Figure 3).
Posteriorly, the tumor was extended to the anterior palatine pillar and the superior constrictor muscle of the pharynx (Figure 4). Moreover, in the inferior portion, the mass was extended to sublingual space where it was undistinguishable from mylohyoid muscle (Figure 5).
Multiple neck adenopathies were evident with MR. A Positron Emission Tomography (PET) confirmed the presence of multiple metastatic
lymph-nodes in the right neck from stations I to IV. A biopsy confirmed the diagnosis of squamous cells carcinoma (SCC).

Figure 1: 3D reconstruction of the tongue tumor (yellow) 3D reconstruction of peritumoral inflammatory tissue (red).

Figure 2-5: Contouring tumor (yellow) and peritumoral tissues (red).
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A new step in the treatment planning was done thanks to the software Iplan Automatic Image Fusion (iPAIF) which guaranteed more

information compared to traditional radiology. Indeed, the iPAIF software, thanks to special algorithms developed by Brainlab and already
used in radiation therapy, allows to overlap all volumetric exams (e.g. CT, MR, PET) and to quickly outline 3D shape of tumor and relationship with surrounding structures. This further step resulted very useful to determine the clinical T and N classification and to plan the
surgical approach.

We can draw the anatomic structure envelopment of tumour in different color, matching the images we can obtain the volume (cm3) of

neoplasia and muscles and lymph node involved. The patient underwent a compartmental emiglossopelvectomy (figure 6), extended to
right tonsil and palatine pillars and superior constrictor muscle, with the bilateral neck dissection. The reconstruction has been accomplished with right anterolateral thigh free flap.

Figure 6: Tumor volume.

It is of interest that the information derived from the iPAIF 3D reconstruction were profitably used by the pathologist to better under-

stand the anatomical orientation of the specimen (Figure 7-11). Definitive histologic diagnosis was consistent with SCC G3, pT3N2b cM0
(Figure 12).

Citation: Giovanni Giorgetti., et al. “iPlan Automatic Image Fusion in Head and Neck Surgical Planning; 3D Dimension in TNM
Classification. Study Concept and Clinical Report”. EC Dental Science 19.1 (2020): 01-07.

iPlan Automatic Image Fusion in Head and Neck Surgical Planning; 3D Dimension in TNM Classification. Study Concept and
Clinical Report
04

Figure 7: Volume of tissue to be removed.

Figure 8: 3D print of tumor volume.
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Figure 9: 3D print of volume of tissue to be removed.

Figure 10 and 11: Histological sections of the excised volume.

Figure 12: The excised volume and lymph node.
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Therefore, the patient underwent adjuvant radio-chemotherapy.

Discussion

Since 1940 imaging technology has measured the complexity of targets, supplied 3D analysis with promising results [7]. In 1958 the

advent of the first microprocessor enabled noticeable progresses in medical field. The invention of CT have improved the visualization of
the anatomic area [9-11].

In many cases the integration of data obtained by several exams allows a more accurate study of the clinical case; moreover, thanks

the to the use of detailed algorithms, it is possible to minimise errors and to increase the quality 3D image [12-15]. Radiologists have a

key role in the study of the neoplasia above all in head and neck district where anatomic complexity needs extremely detailed planning to
adopt a more appropriate surgical solution, especially when large resection and reconstruction are needed.

In the case reported the removal of the neoplasia has been done according to the radiological evaluation completed with iPAIF which

has permitted the study of every single muscle unit involved by tumor and the segmentation of the anatomic structures affected. Indeed,
this technology allows to overlap all volumetric exams such as CT, MR, functional MR, angio- CT or MR, PET, DTI to have a precise 3D reconstruction of the tumor with a stepwise procedure.

The first step is the spatial alignment of images. This procedure is commonly indicated as matching. To register images, fixed anatomic

landmarks such as the skull are taken in to account. The registration of all elements available from a patient’s image permits you to have
a better interpretation of the data, increasing the diagnostic potential, and improving the surgical planning. All medical images are the

result of data elaborated from sensors which record abatement phenomena after exposition to CT and to MR. The values derived are
mapped in a grey-scale of intensity of signal.

The Brainlab iPlan® software is able to correlate images deriving from several radiologic exams from the same patients recording and

matching them on the same anatomic level and different voxel characteristics sampling them on the basis of the same system of reference. This allows to visualize the same information of the same anatomic structure on identical levels and with the same references scale,

allowing a complete analysis of definition of structure observed at various levels in different methods and simultaneously. This fusion of

images increases the definition, allowing to have a better analysis of limits of neoplasia; furthermore it calculates the volume involved by
neoplasia and the volume of surrounding inflamed tissue (Figure 6-10).

In this way we can view the dimension of tumour in cm3 and we can transform the DICOM files in STL files in order to have a 3D print.

With this procedure, a more precise study of the tumor can be obtained. This approach favoured the multidisciplinary discussion about
the patient and moreover allowed to plan accurately the reconstruction.

In addition, the use of 3D model facilitates the spatial orientation of the histologic material, and this is a very good point, considering

that the specimens of head and neck are often very difficult to orientate.

Conclusion

The use of CAD-CAM in medicine is modifying the approach towards clinical cases: more information in the pre-surgical phase can

reduce surgical time and cost, with advantages both for patients and surgeons.

In the medical field, for example, the matching of the

oral cavity scan or of the patient face is possible with CT imaging, reducing possible distortions to their minimum through anatomic land-

marks, increasing the information available. In this way, thanks to the segmentation of the muscles and skeletal structures it is possible

detect their position and to compare it to the tumor, allowing a more accurate plan of resection, we can be more precise to respect the

margins of resection, moreover we can use the dynamic navigation to remove the tumour and to predict the volume pf the reconstruction
flap to be set up to a better functional restoration of the structure involved.

Furthermore, using 3D printers or millers, it is possible to build cutting-guide system, customized plates, and to help the students in

the learning phase.
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