1' frontiers

in Veterinary Science

PERSPECTIVE
published: 11 June 2019
doi: 10.3389/fvets.2019.00180

OPEN ACCESS

Edited by:
Fintan John McEvoy,
University of Copenhagen, Denmark

Reviewed by:

Elissa Randall,

Colorado State University,
United States

Anders Hansen,
Technical University of
Denmark, Denmark

*Correspondence:
Mathieu Spriet
mspriet@ucdavis.edu

Specialty section:

This article was submitted to
Veterinary Imaging,

a section of the journal
Frontiers in Veterinary Science

Received: 15 January 2019
Accepted: 21 May 2019
Published: 11 June 2019

Citation:

Spriet M, Willcox JL and Culp WTN
(2019) Role of Positron Emission
Tomography in Imaging of
Non-neurologic Disorders of the
Head, Neck, and Teeth in Veterinary
Medicine. Front. Vet. Sci. 6:180.
doi: 10.3389/fvets.2019.00180

Check for
updates

Role of Positron Emission
Tomography in Imaging of
Non-neurologic Disorders of the
Head, Neck, and Teeth in Veterinary
Medicine

Mathieu Spriet*, Jennifer L. Willcox and William T. N. Culp

Department of Surgical and Radiological Sciences, School of Veterinary Medicine, University of California, Davis, Davis, CA,
United States

Positron Emission Tomography (PET) is an imaging technique that provides functional
information, in addition to structural information obtained with computed tomography
(CT). The most common application is cancer staging, using '8F-Fluorodeoxyglucose
('8F-FDG), a radioactive analog of glucose. Although limited data are available in
the veterinary literature, human studies have demonstrated benefit with the addition
of PET both for assessment of the primary tumor and for detection of metastatic
disease. '8F-FDG PET appears to be more accurate at detecting the margin of oral
neoplasia, in particular for tumors arising from highly vascularized tissue, such as the
lingual and laryngeal areas. '®F-FDG PET has a high sensitivity for the detection of
lymph node metastasis, however the specificity is variable between studies. Tracers
beyond '8F-FDG can also be used for oncology imaging. '8F-Fluoride ('8F-NaF) is an
excellent osseous tracer, useful in assessing bone involvement of primary tumors or
osseous metastasis. Other specific tracers can be used to assess cell proliferation or
hypoxia for tumor characterization. '8F-FDG is also an excellent tracer for detection
of inflammation. Human studies have demonstrated its value for the assessment of
periodontitis and dental implant infection. 18F-NaF has been used to assess disorders of
the temporomandibular joint in the human literature, demonstrating good correlation with
arthralgia and therapeutic outcome. Both '8F-NaF and '8F-FDG had good concordance
with localization of cervical pain in people. PET will likely have a growing role in veterinary
medicine not only for oncologic imaging but also for assessment of inflammation
and pain.
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INTRODUCTION

Positron Emission Tomography (PET) is a nuclear medicine imaging technique, which provides
cross-sectional data based on the 3-dimensional localization of positrons emitted by radiotracers.
When compared with scintigraphy, in addition to its cross-sectional nature, PET has the advantages
of higher detection efficiency and spatial resolution (1). PET data reflects the distribution of the
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radiotracer in the area being imaged, but does not provide
structural information relating to the anatomy of the patient.
Rather, PET provides functional information based on the
interaction of the radiotracers at the molecular level in relation to
physiological events. In order to facilitate anatomic localization
of areas of increased radiotracer uptake, PET is usually combined
with computed tomography (CT), which provides structural
information of the patient. Quantification of the radiotracer
uptake is commonly reported in PET studies using the maximal
standardized uptake value (SUVmax), which is calculated based
on the injected dose corrected for decay at the time of imaging
and weight of the patient.

A broad choice of radiotracers is available for PET. 18F-
Fluoride is the most commonly used positron emitter. The 2-
h half-life is convenient for clinical use and fluoride can be
easily integrated into various organic molecules in place of a
hydroxyl group. The most commonly used radiotracer is 18F-
Fluorodeoxyglucose (‘¥F-FDG), which is a radioactive analog
of glucose. Similar to glucose, FDG is actively transported into
cells by a group of structurally related glucose transport proteins.
For this reason, '®F-FDG is an excellent marker of metabolic
activity and is particularly useful for the detection of neoplasia, as
tumor cells often preferentially utilize glucose for glycolysis and
subsequently display increased numbers of glucose transporters
(2). Cancer staging is by far the most common application of PET
imaging using '®F-FDG. However, '8F-FDG uptake is not only
found in neoplastic tissue but also in areas of inflammation (3).

Another commonly used tracer is 18F-Fluoride (18F-NaF).
8F_NaF is an excellent marker of bone remodeling as it gets
integrated into the exposed hydroxyapatite matrix at sites of bone
turnover. '®F-NaF has a higher sensitivity than the larger and

more complex 99mTc-Bisphosphonates used for scintigraphic
imaging. '®F-NaF has been commonly used in oncology for the
detection of primary osseous tumors or metastasis but can also
be used for non-oncologic imaging (4).

PET availability remains limited in the veterinary field, with
only a few academic institutions offering clinical PET imaging,
but there is a growing interest in the technique based on recent
publications. Similar to the human field, oncologic applications
largely dominate the clinical use of PET, but other indications are
being considered.

ONCOLOGIC PET IMAGING OF HEAD
AND NECK

The veterinary literature describes the use of PET for staging
of several canine and feline tumors. One study examined oral
squamous cell carcinoma in 12 feline patients (5, 6). The oral
tumors were more conspicuous on PET than on contrast CT
(5). PET also identified hypermetabolic tissue considered to be
potentially neoplastic outside of the suspected neoplastic area
recognized with CT (5). This was more commonly identified in
patients with smaller ill-defined lesions on CT, in particular if
their tumors arose from the lingual, pharyngeal, and laryngeal
regions rather than the mandibular and maxillary areas (6).
Interestingly, the measured tumor volume was smaller on PET
than on contrast CT in the majority of patients. (6) This is similar
to observations in a human study that demonstrated a smaller
volume of pharyngolaryngeal squamous cell carcinoma measured
with FDG PET when compared with CT and MRI, with a
difference in volume ranging from 28 to 37%. Surgical correlation
demonstrated that all imaging modalities overestimated the size

neoplastic tissue.

FIGURE 1 | Transverse post-contrast CT (left) and fused 18F-FDG PET/CT (right) images through the caudal aspect of the nasal cavity of a 10-year-old male
castrated standard poodle presented for staging of nasal adenocarcinoma. There is a large soft tissue mass filling the left side of the nasal cavity and resulting in
destruction of the nasal turbinates and invasion of the maxillary recess. The soft tissue opacity extends ventrally into the rostral aspect of the nasopharynx. The
opacity in the nasopharynx is strongly contrast enhancing on the CT image but does not show FDG uptake whereas the rest of the mass demonstrates strong FDG
uptake. This suggests that the tissue in the nasopharynx differs from the bulk of the tumor and might represent edematous nasopharyngeal mucosa rather than
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FIGURE 2 | Multiplanar reformat CT (top) and fused 18F-FDG PET (bottom) images through the maxilla of a 12-year-old Australian Cattle Dog presenting for staging
of a previously resected oral melanoma. There is vertical and horizontal bone loss involving the left canine and left maxillary premolars 1, 2, and 3. Marked focal
18F-FDG uptake (long arrow) is present at the distal aspect of the left maxillary canine. Additional resorptive areas are present adjacent to the three most mesial
premolars, the lack of 18F_FDG uptake in this area suggest that there is no active inflammation at this level. The marked 18F_FDG uptake at the buccal aspect of
premolars 3 and 4 is at the site of previous resection of an oral melanoma and likely indicate regrowth or residual tumor tissue. This case illustrates the sensitivity of
18F_FDG PET to distinguish between active and inactive periodontal disease and to identify abnormal tissue at the site of previous tumor resection. It also
demonstrates the lack of specificity and the need to interpret the images based on associated CT findings and clinical history. Note that the high spatial resolution
(~2mm) on the compact scanner (piPET, Brain Biosciences, Inc) is key in identifying these small lesions.

of the tumor, but PET was the most accurate modality (7). The
increased accuracy in definitions of the margin is of particular
importance for treatment planning, both for surgery or radiation
therapy. Better margin definitions are more likely to yield to
successful surgical outcomes and improve targeted delivery of
radiations. An example of the comparison between CT alone
and fused FDG PET with CT in a patient with nasal carcinoma
imaged at our institution using a high-resolution PET scanner
(piPET, BrainBiosciences, Inc.) is provided in Figurel. The
difference observed between contrast CT and '*F-FDG PET can
be explained by the type of information provided. Contrast CT
highlights areas with increased perfusion, whereas '3F-FDG PET

identifies areas with high metabolic activity. '8 F-FDG PET can
be advantageous in areas that are normally highly vascularized
where contrast CT is less likely to demonstrate a difference
between a tumor with increased blood perfusion and the highly
vascularized background (6).

In addition to '8F-FDG PET, '8F-NaF PET has been suggested
for assessment of bone involvement in cancer (4). A comparative
study between '3F-FDG and !'3F-NaF PET demonstrated a
superior correlation with histopathology for '8F-NaF. (8) Further
characterization of tumor biological activity can be achieved
using specific tracers. This is of particular interest to optimize
treatment planning. For example, 18F-deoxyfluorothymidine
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(8F-FLT) and 61Cu-diacetylmethylthiosemicarbazone (°1Cu-
ATSM), are markers of tumor proliferation and hypoxia,
respectively, which are useful indicators of tumor sensitivity
to radiation (9). Twenty dogs with sinonasal tumors were
imaged with '8F-FDG, '3F-FLT, and ¢! Cu-ATSM. Heterogeneity
with regard to proliferation and hypoxia of the tumors was
demonstrated. Carcinomas demonstrated strong correlations
between the standardized uptake values of the three tracers,
whereas sarcomas were less likely to correlate (10). ¥F-fluoro-
misonidazole (**F-miso) is another marker of hypoxia used in
human studies (11) with potential applications in veterinary
medicine (12).

PET/CT has been used extensively in the detection of local
and distant metastasis. In the feline oral squamous cell carcinoma
study, only limited cytologic confirmation of metastasis was
available, however out of three cytologically confirmed lymph
node metastasis, two were identified based on PET findings, but
were not apparent on contrast CT (5). To our knowledge, larger
studies looking at the accuracy of PET for detection of lymph
node metastasis are lacking in the veterinary literature. Human
literature often concludes a higher accuracy of PET compared
with CT alone regarding metastasis detection but a wide range of
results have been reported (13-18). This suggests that tumor type,
tumor locations, and imaging techniques likely affect outcome.
There is an overall trend toward higher sensitivity of PET for
metastasis detection when compared with CT and MRI, but
some studies identify a lack of specificity (13, 17). PET findings
should be interpreted in conjunction with clinical presentation
and other imaging findings to optimize the accuracy and reduce
false positives. Species and tumor specific studies are needed
in the veterinary literature to elucidate the value of PET and
whether it could be considered a less invasive alternative to lymph
node sampling.

NON-ONCOLOGIC PET IMAGING OF HEAD
AND NECK

There are limited reports evaluating the use of PET in non-
oncologic applications in the veterinary literature. The most
common use of PET for the detection of inflammation relates
to neurologic disease (19), but I8E_FDG PET was also useful
in a case of Blastomyces dermatitis, as well as cases with a
fever of unknown origin (20, 21). Orthopedic uses of PET have
recently gained interest in veterinary medicine. The use of '8F-
FDG has been proposed for lameness evaluation in a dog (22).
Recently, PET has been introduced to equine lameness imaging
with the use of '®F-NaF PET for assessment of active bone
remodeling (23-25).

In the human literature, there are various interesting
applications for non-oncologic PET imaging of the head and
neck. A few reports have assessed the value of '3F-FDG PET
for identification of periodontal disease or apical periodontitis
(26-28). Although 18R FDG PET had not been performed for

the primary purpose of periodontal assessment, these studies
demonstrated that useful information regarding the oral cavity
can be obtained when patients are imaged with PET for other
indications. Similar observations exist in canine patient. Figure 2
is an example of a dog imaged with high-resolution PET for
tumor assessment and demonstrates active periodontal disease. A
recent study in people investigated the use of PET for assessment
of dental implants and concluded that functional imaging using
BE_FDG could become a new tool for the assessment of peri-
implant diseases (29).

BF.NaF PET has been suggested for assessment of
temporomandibular joint disorders (30, 31). Previous studies in
human medicine have demonstrated a superior ability to detect
osteoarthritis of the temporomandibular joint when compared
with 99mTc-MDP bone scintigraphy (30). Furthermore, SUVmax
appeared to correlate with arthralgia and therapeutic outcome
(30). 8F-NaF PET imaging has also been used for assessment
of neck pain. Although the high background vertebral uptake
can be a limitation, PET was still considered beneficial in a study
for 84.5% of the 58 patients with neck pain (32). 'F-FDG PET
also appeared useful as guidance for therapy in patients with
cervical facet syndrome. In a study involving 140 facet joints,
100% concordance was found between location of focal ¥ F-FDG
uptake and painful area in the neck (33).

In conclusion, PET is best known for its use in oncologic
staging, however the array of radiotracers available provide a
diverse set of applications. The functional properties of the
technique apply to not only the metabolic activity of tumors but
also the assessment of bone remodeling, inflammation, and pain.
With changes in technology, including the decreased cost and
the availability of high resolution PET scanners, it is likely that
the use of PET in veterinary medicine will experience continued
growth in the future.

ETHICS STATEMENT

The images presented in this manuscript were obtained as part
of clinical trial projects approved by the animal care and use
committee and the clinical trial review board of the University
of California Davis.

AUTHOR CONTRIBUTIONS

MS redaction of the manuscript. JW and WC contribution to
redaction of the manuscript. MS, JW, and WC approval of
final manuscript.

FUNDING

Although no specific funding was received for the redaction of
this manuscript, the images used in the figures are part of studies
funded by the Center for Companion Animal Health at UC
Davis. The Brain Biosciences PET scanner was made available
through funding from the Center for Equine Health at UC Davis.

Frontiers in Veterinary Science | www.frontiersin.org

June 2019 | Volume 6 | Article 180


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Spriet et al.

PET Imaging of Head and Neck

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

. Bushberg JT, Boone JM. The Essential Physics of Medical Imaging. 3rd ed.

Philadelphia, PA: Lippincott Williams and Wilkins (2012).

. Hsu PP, Sabatini DM. Cancer cell metabolism: warburg and beyond. Cell.

(2008) 134:703-7. doi: 10.1016/j.cell.2008.08.021

. Love C, Tomas MB, Tronco GG, Palestro CJ]. FDG PET of infection

and inflammation. Radiographics. (2005) 25:1357-68. doi: 10.1148/rg.
255045122

. Grant FD, Fahey FH, Packard AB, Davis RT, Alavi A, Treves ST. Skeletal

PET with 18F-fluoride: applying new technology to an old tracer. ] Nucl Med.
(2008) 49:68-78. doi: 10.2967/jnumed.106.037200

. Randall EK, Kraft SL, Yoshikawa H, LaRue SM. Evaluation of 18F-FDG

PET/CT as a diagnostic imaging and staging tool for feline oral squamous cell
carcinoma. Vet Comp Oncol. (2016) 14:28-38. doi: 10.1111/vco.12047

. Yoshikawa H, Randall EK, Kraft SL, Larue SM. Comparison between 2-

(18) F-fluoro-2-deoxy-d-glucose positron emission tomography and contrast-
enhanced computed tomography for measuring gross tumor volume in cats
with oral squamous cell carcinoma. Vet Radiol Ultrasound. (2013) 54:307-13.
doi: 10.1111/vru.12016

. Daisne JE Duprez T, Weynand B, Lonneux M, Hamoir M, Reychler H,, et al.

Tumor volume in pharyngolaryngeal squamous cell carcinoma: comparison
at CT, MR imaging, and FDG PET and validation with surgical specimen.
Radiology. (2004) 233:93-100. doi: 10.1148/radiol.2331030660

. Lopez R, Gantet P, Salabert AS, Julian A, Hitzel A, Barres BH, et al.

Prospective comparison of '8F-NaF PET/CT versus '*F-FDG PET/CT
imaging in mandibular extension of head and neck squamous cell
carcinoma with dedicated analysis software and validation with surgical
specimen. A preliminary study. ] Craniomaxillofac Surg. (2017) 45:1486-92.
doi: 10.1016/j.jcms.2017.06.025

. Bradshaw TJ, Bowen SR, Deveau MA, Kubicek L, White P, Bentzen SM.,

et al. Molecular imaging biomarkers of resistance to radiation therapy for
spontaneous nasal tumors in canines. Int J Radiat Oncol Biol Phys. (2015)
91:787-95. doi: 10.1016/j.ijrobp.2014.12.011

Bradshaw TJ, Bowen SR, Jallow N, Forrest L], Jeraj R. Heterogeneity
in intratumor correlations of 18F-FDG, 18F-FLT, and 61Cu-ATSM
PET in canine sinonasal tumors. J Nucl Med. (2013) 54:1931-7.
doi: 10.2967/jnumed.113.121921

Vera P, Bohn P, Sanson AE, Salles A, Hapdey S, Gardin I, et al
Simultaneous positron emission tomography (PET) assessment of metabolism
with (1) (8)F-fluoro-2-deoxy-d-glucose (FDG), proliferation with (1) (8)F-
fluoro-thymidine (FLT), and hypoxia with (1) (8)fluoro-misonidazole (F-
miso) before and during radiotherapy in patients with non-small-cell
lung cancer (NSCLC): a pilot study. Radiother Oncol. (2011) 98:109-16.
doi: 10.1016/j.radonc.2010.10.011

Bruehlmeier M, Kaser-Hotz B, Achermann R, Bley CR, Wergin
M, Schubiger PA., et al. Measurement of tumor hypoxia in
spontaneous canine sarcomas. Vet Radiol Ultrasound. (2005) 46:348-54.
doi: 10.1111/j.1740-8261.2005.00065.x

Ng SH, Yen TC, Liao CT, Chang JT, Chan SC, Ko SF,, et al. 18F-FDG PET and
CT/MRI in oral cavity squamous cell carcinoma: a prospective study of 124
patients with histologic correlation. ] Nucl Med. (2005) 46:1136-43.
Pentenero M, Cistaro A, Brusa M, Ferraris MM, Pezzuto C, Carnino R, et al.
Accuracy of 18F-FDG-PET/CT for staging of oral squamous cell carcinoma.
Head Neck. (2008) 30:1488-96. doi: 10.1002/hed.20906

Reinhardt M]J, Joe AY, Jaeger U, Huber A, Matthies A, Bucerius
J., et al. Diagnostic performance of whole body dual modality 18F-
FDG PET/CT imaging for N- and M-staging of malignant melanoma:
experience with 250 consecutive patients. J Clin Oncol. (2006) 24:1178-87.
doi: 10.1200/JC0O.2005.03.5634

Jiang C, Chen Y, Zhu Y, Xu Y. Systematic review and meta-analysis of the
accuracy of 18F-FDG PET/CT for detection of regional lymph node metastasis
in esophageal squamous cell carcinoma. J Thorac Dis. (2018) 10:6066-76.
doi: 10.21037/jtd.2018.10.57

Kim SG, Friedman K, Patel S, Hagiwara M. Potential Role of PET/MRI for
imaging metastatic lymph nodes in head and neck cancer. Am ] Roentgenol.
(2016) 207:248-56. doi: 10.2214/AJR.16.16265

18. Tantiwongkosi B, Yu F, Kanard A, Miller FR. Role of '®F-FDG PET/CT in pre
and post treatment evaluation in head and neck carcinoma. World J Radiol.
(2014) 6:177-91. doi: 10.4329/wjr.v6.i5.177

19. Eom KD, Lim CY, Gu SH, Kang BT, Kim YB, Jang DP, et al. Positron emission
tomography features of canine necrotizing meningoencephalitis. Vet Radiol
Ultrasound. (2008) 49:595-9. doi: 10.1111/j.1740-8261.2008.00437.x

20. Matwichuk CL, Daniel GB, Bowman LA, Legendre AM, Smith GT.
Fluorine-18 Fluorodeoxyglucose Accumulation in Blastomyces dermatitidis-
Associated Inflammation in a Dog. Clin Positron Imaging. (1999) 2:217-21.
doi: 10.1016/S1095-0397(99)00024-2

21. Grobman M, Cohn L, Knapp S, Bryan JN, Reinero C. ¥ F-FDG-PET/CT as
adjunctive diagnostic modalities in canine fever of unknown origin. Vet Radiol
Ultrasound. (2018) 59:107-15. doi: 10.1111/vru.12562

22. Mann K, Hart J, Duerr F. 18F-FDG positron emission tomography - an
innovative technique for the diagnosis of a canine lameness. Front Vet Sci.
(2016) 3:45. doi: 10.3389/fvets.2016.00045

23. Spriet M, Espinosa P, Kyme AZ, Phillips KL, Katzman SA, Galuppo LD.,
et al. "¥F-sodium fluoride positron emission tomography of the equine distal
limb: Exploratory study in three horses. Equine Vet J. (2018) 50:125-32.
doi: 10.1111/evj.12719

24. Spriet M, Espinosa-Mur P, Cissell DD, Phillips KL, Arino-Estrada G,
Beylin D., et al. 8F-sodium fluoride positron emission tomography of
the racing thoroughbred fetlock: validation and comparison with other
imaging modalities in nine horses. Equine Vet J. (2019) 51:375-83.
doi: 10.1111/evj.13019

25. Spriet M. PETting horses? Equine Vet J. (2019) 51:283-4.
doi: 10.1111/evj.13077

26. Kito S, Koga H, Kodama M, Habu M, Kokuryo S, Yamamoto N, et al.
Reflection of ®F-FDG accumulation in the evaluation of the extent of
periapical or periodontal inflammation. Oral Surg Oral Med Oral Pathol Oral
Radiol. (2012) 114:e62-9. doi: 10.1016/§.0000.2012.05.027

27. Shimamoto H, Tatsumi M, Kakimoto N, Hamada S, Shimosegawa E,
Murakami S, et al. '"F-FDG accumulation in the oral cavity is associated
with periodontal disease and apical periodontitis: an initial demonstration on
PET/CT. Ann Nucl Med. (2008) 22:587-93. doi: 10.1007/s12149-008-0153-0

28. Yamashiro K, Nakano M, Sawaki K, Okazaki F, Hirata Y, Takashiba S.
The potential of positron emission tomography/computerized tomography
(PET/CT) scanning as a detector of high-risk patients with oral infection
during preoperative staging. Oral Surg Oral Med Oral Pathol Oral Radiol.
(2016) 122:242-9. doi: 10.1016/j.0000.2016.04.006

29. Benouaich V, Hitzel A, Armand S. Relevance of functional imaging in dental
implantology. J Clin Exp Dent. (2018) 10:e1011-16. doi: 10.4317/jced.54816

30. Lee JW, Lee SM, Kim S§J, Choi JW, Baek KW. Clinical utility of fluoride-
18 positron emission tomography/CT in temporomandibular disorder with
osteoarthritis: comparisons with 99mTc-MDP bone scan. Dentomaxillofac
Radiol. (2013) 42:29292350 doi: 10.1259/dmfr/29292350

31. Suh MS, Park SH, Kin Y-K, Yun PY, Lee WW. ¥F-NaF PET/CT for the
evaluation of temporomandibular joint disorder. Clin Radiol. (2018) 73:414
e7-13. doi: 10.1016/j.crad.2017.11.008

32. Byrnes TJ, Xie W, Al-Mukhailed O, D’Sa A, Novruzov E Casey AT., et al.
Evaluation of neck pain with '®F-NaF PET/CT. Nucl Med Commun. (2014)
35:298-302. doi: 10.1097/MNM.0000000000000044

33. Sawicki LM, Schaarschmidt BM, Heusch P, Buchbender C, Rosenbaum-
Krumme S, Umutlu L, et al. Value of '8 E-FDG PET/MRI for the outcome of
CT-guided facet block therapy in cervical facet syndrome: initial results. ] Med
Imaging Radiat Oncol. (2017) 61:327-33. doi: 10.1111/1754-9485.12565

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Spriet, Willcox and Culp. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

June 2019 | Volume 6 | Article 180


https://doi.org/10.1016/j.cell.2008.08.021
https://doi.org/10.1148/rg.255045122
https://doi.org/10.2967/jnumed.106.037200
https://doi.org/10.1111/vco.12047
https://doi.org/10.1111/vru.12016
https://doi.org/10.1148/radiol.2331030660
https://doi.org/10.1016/j.jcms.2017.06.025
https://doi.org/10.1016/j.ijrobp.2014.12.011
https://doi.org/10.2967/jnumed.113.121921
https://doi.org/10.1016/j.radonc.2010.10.011
https://doi.org/10.1111/j.1740-8261.2005.00065.x
https://doi.org/10.1002/hed.20906
https://doi.org/10.1200/JCO.2005.03.5634
https://doi.org/10.21037/jtd.2018.10.57
https://doi.org/10.2214/AJR.16.16265
https://doi.org/10.4329/wjr.v6.i5.177
https://doi.org/10.1111/j.1740-8261.2008.00437.x
https://doi.org/10.1016/S1095-0397(99)00024-2
https://doi.org/10.1111/vru.12562
https://doi.org/10.3389/fvets.2016.00045
https://doi.org/10.1111/evj.12719
https://doi.org/10.1111/evj.13019
https://doi.org/10.1111/evj.13077
https://doi.org/10.1016/j.oooo.2012.05.027
https://doi.org/10.1007/s12149-008-0153-0
https://doi.org/10.1016/j.oooo.2016.04.006
https://doi.org/10.4317/jced.54816
https://doi.org/10.1259/dmfr/29292350
https://doi.org/10.1016/j.crad.2017.11.008
https://doi.org/10.1097/MNM.0000000000000044
https://doi.org/10.1111/1754-9485.12565~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Role of Positron Emission Tomography in Imaging of Non-neurologic Disorders of the Head, Neck, and Teeth in Veterinary Medicine
	Introduction
	Oncologic PET Imaging of Head and Neck
	Non-Oncologic PET Imaging of Head and Neck
	Ethics Statement
	Author Contributions
	Funding
	References


