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Abstract 
This systematic review seeks to provide high-quality evidence on the performance of different radiological 

imaging modalities for estimation of tumor thickness of oral cancer. Until 2021, a systematic electronic 

literature search was undertaken utilizing keywords and MESH search phrases in the PubMed/Medline, 

Cochrane Central, Scopus, and EBSCO databases, as well as Google Scholar. In addition, the reference lists of 

the systematic reviews included in the study were manually searched. Patient satisfaction and complications 

were collected from prospective and experimental studies that provided the greatest degree of evidence. Articles 

were evaluated critically, and the MINORS scale was used to determine the risk of bias. This systematic review 

suggested that ultrasonographic examination offers the advantages of being more accurate, noninvasive, quick, 

and repeatable, and offers increased number of prospective applications. On the other hand MRI provides 

better structural resolution than CT and USG, but remains limited for the detection of lesions > 3mm.  

Keywords:  MRI, PET, Ultrasonography, oral cancer, tumor thickness 

---------------------------------------------------------------------------------------------------------------------------------------  

Date of Submission: 10-03-2023                                                                           Date of Acceptance: 22-03-2023  

----------------------------------------------------------------------------------------------------------------------------- ---------- 

 

I. Introduction: 
Oral cancer, which accounts for >90% of all oral cavity malignancies and is characterized by oral 

squamous cell carcinomas (OSCC), is a leading cause of cancer mortality globally, with an estimated 177,000 

fatalities each year [1]. It's a cancer that's considered aggressive, with a 5-year overall survival rate of about 

50%, declining to less than 30% in advanced stages [2]. The most common reasons for death in OSCC patients 

are tumor extension, lymph node metastases, and the formation of second primary tumors [3]. Survival rates 

differ between developed and developing nations, owing to late diagnosis and insufficient access to the most 

recent breakthroughs in therapy choices in developing countries [4]. 

 Surgery along with adjuvant radiation with or without chemotherapy is now the standard of care for 

OSCC [5]. The disease stage is still used to manage OSCC patients; however it doesn’t accurately reflect the 

biological behaviour of this heterogeneous collection of tumors. Tumors of the tongue and mouth floor, in 

particular, can be aggressive even early in their development, with a higher risk of invasion, metastasis, and, as a 

result, a poor prognosis [6]. 

 In 2017, the 8th edition of the Union Internationale Centre le Cancer (UICC) TNM classification and 

the 8th edition of the American Joint Committee on Cancer (AJCC) T classification included the notion of depth 

of invasion (DOI) to the T classification, in addition to the superficial spread of the tumour. DOI is a 

histological term that refers to the vertical distance between the virtual plane linking the foundation membrane 

of the normal mucosa next to the tumour and the deepest section of the tumour. It is not the same as tumour 

thickness. However, clinical measurement procedures, such as diagnostic imaging, have yet to be fully defined 

and articulated. Although CT or MRI is effective for preoperative evaluation, there is no standard procedure for 

preoperative DOI measurement. 

 Ultrasonographic diagnostics has become increasingly employed as a diagnostic imaging of the head 

and neck region in recent years. Despite the fact that the UICC and AJCC declare that ultrasonography is not 

appropriate for the examination of primary lesions, several studies have used intraoral ultrasonography (US) to 

evaluate primary lesions and shown a high connection with histological thickness or DOI. To date, various 

papers have been published on CT, MRI, and US preoperative radiological DOI evaluations, but no study has 

been published in which all of these tests were performed at the same time [7]. 

Tumor thickness (TT), DOI and tumor volume (TV) are important determinants used for prognostic 

performance, increasing depth of invasion and microvascular proliferation is associated with recurrence and 

ability to metastasize. It has been mentioned that increased tumor thickness is directly associated with cervical 

node metastasis. Here, we intend to report a systematic review of the literature pertaining to the use of 

radiological modalities for determination of tumor thickness. 

 

Aim 

To analyses the performance of different radiological imaging modalities for estimation of tumor thickness of 

oral cancer.  

Objectives 

To assess 

● The diagnostic efficacy of imaging techniques for tumor thickness determination in oral cancer. 

Methods  

The search protocol is designed based on the PRISMA (Preferred reporting Items for systematic Reviews and 

meta-analysis) guidelines 2009.  
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SEARCH STRATEGY  

The electronic MEDLINE, Embase, Cochrane, Google Scholar, Scopus and PubMed databases were 

searched. Additionally, the bibliography of all relevant articles and textbooks were manually searched. Based on 

the inclusion and exclusion criteria, 2 reviewers) independently selected the relevant articles. Any disagreement 

was discussed between the 2 reviewers until a consensus was reached. 

 Using the PICO-format question, methodological Medical Subject Heading (MeSH) terms were 

generated to make the search strategy more sensitive in the identification of studies. These terms included 

("Computed Tomography" [MeSH] AND (Contrast Enhanced Computed Tomography" [MeSH]) AND ("MRI'' 

[MeSH] AND (―PET‖ [MeSH]) AND ("Ultrasonography'' [MeSH]. Studies that met these inclusion criteria 

underwent critical analysis.  The qualities of the included studies were evaluated according to a proposed 

specific quality assessment scale. 

 

INCLUSION CRITERIA 

The following types of studies were considered:  

1. Studies published in English language peer reviewed scientific journals upto January 2022.  

2. Randomised controlled trial 

3. Case Control study  

4. Cohort study 

5. Quasi Trials  

6. Single Arm Intervention 

7. All the articles published till 30 November 2021 were included  

8. Full articles in English were included 

 

EXCLUSION CRITERIA 
The exclusion criteria included the following:  

1. Retrospective Studies 

2. case reports, case series,  

3. cross-sectional studies,  

4. or animal studies,   

5. Reviews  

6. Abstracts,  

7. Technical reports 

8. Expert opinions 

9. Articles with incomplete data were excluded.  

The references of selected articles were also analyzed for additional studies. and any study that did not meet the 

inclusion criteria. 

 

FORMULATING THE REVIEW QUESTION 
The research question was set in accordance with the PICO format (Population, Intervention, Comparison, and 

Outcome). (Table-1) 

 

SELECTION 

The study selection was done in a three step process. All the titles were reviewed and based on the 

inclusion and exclusion criteria, appropriate studies were selected. For all the selected titles, abstracts were 

obtained and reviewed, from which appropriate abstracts were selected based on the criteria. For all the selected 

abstracts, full text articles were obtained and analysed, and the final set of articles were obtained keeping in 

mind the selection criteria. (Table-2) 

 

DATA EXTRACTION 

After the final study sample was determined, data from all studies were extracted into an Excel data sheet. This 

included: first author, year of publication, study design, number of subjects, mean age, tumor location and stage 

and image modality used of the subjects. 

 

QUALITY ASSESSMENT 

A quality assessment of the included articles was conducted to evaluate their methodological quality. Therefore, 

the validated Methodological Index for Non-Randomized Studies (MINORS) was used. This instrument was 

originally developed to review surgical research, where randomization is not always feasible. However, it was 

still useful to systematically review the existing literature and answer questions in that particular field. Taking 

into account all the above, we considered the MINORS index as the most appropriate quality assessment index 
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to evaluate the articles of this systematic review. According to this scale, the articles were divided into 

comparative and non-comparative studies with different scoring for both groups. Each item of the scale was 

given a score of 0 (not reported), 1 (reported but inadequate) or 2 (reported and adequate). For non-comparative 

studies, 8 items have to be scored, so the global ideal score is 16, while for comparative studies, there are 4 

additional items, so the global ideal score for comparative studies is 24. The first author (A.L.) scored all the 

included articles and the second author (M.C.) was consulted in case of doubt. Judging of the used statistical 

analysis of the comparative studies was performed by the two main reviewers (A.L and M.C), consulting a 

professional statistician in case of doubt. 

Results: On initial search 200 articles were obtained. Out of a total of 200 articles of the database search, after 

removal of duplicates and elimination based on eligibility criteria, a total of 16 studies were included for 

analysis.  

SYNTHESIS OF RESULTS 

Narrative synthesis has been provided for the findings obtained from the studies. The data extracted has been 

presented in the tabular form (Table no- 3) 

RISK OF BIAS ASSESSMENT 

Risk of bias was assessed using Cochrane Risk of Bias Assessment Tool. Bias is assessed as a judgement (high, 

low, or unclear) for individual elements from five domains (selection, performance, attrition, reporting, and 

other). Risk of selection, reporting, and other bias are assessed in the Quality Assessment Form Part I. Risk of 

performance, detection, and attrition bias are assessed using the Quality Assessment Form Part II. 

Using the guidance provided at the end of the form, risk of bias was selected as ―high‖, ―low‖ or ―unclear‖ for 

each judgment. (Table-4) 

 

 

 

II. Discussion 
Several studies have been conducted in the past to assess the various elements that influence a cancer's 

prognosis. Epidemiological, histopathological, and clinical factors could all play a role. Personal history and 

living situations are epidemiological factors that are highly dependent on the patient's compliance. Clinical 

parameters, such as TNM staging and tumour location, must be determined. Histopathological markers include 

perineural and perivascular invasion, tumour thickness, grading, and invasion pattern. These histological criteria 

should be evaluated prior to treatment, particularly if surgery is the treatment plan. Preoperative information on 

TT and DOI is extremely useful in deciding treatment decisions, allowing two-step surgery to be avoided. 

Pathological DOI bigger than 4 mm has been linked to cervical lymph node metastases, and neck dissection is 

recommended in such instances by the National Comprehensive Cancer Network (NCCN). Histopathology is 

still the gold standard for evaluation. CO2 laser resections and photodynamic therapy have shown good results 

in tumours with decreased tumour thickness [26]. Various approaches for determining preoperative thickness 

have been tried in the past. Studies comparing the tumour thickness estimated from preoperative tumour biopsy 

with the final postoperative pathologic measurement have found that thick tumours have a higher risk of nodal 

metastasis, and Bundgaard et al [27] reported that they were unable to obtain tumour thickness measurement 

from biopsy in their study. Clinical palpation for thickness measurement has similarly yielded varied and 

unsatisfactory results, with little evidence of its utility. As a result, these modalities have limitations in terms of 

ensuring total removal of a tumour mass. [28]. The depth of invasion (DOI) was added to the T category of oral 

cavity cancer in the 8th edition of the American Joint Committee on Cancer's (AJCC) Cancer Staging Manual 

[29]. The most appropriate method, surgically extracted specimen, has the primary downside of delaying 

decisions about neck therapy until reports are available, potentially leading to a second stage surgery that is 

more harmful to the patient. 

TT and DOI are words that are not interchangeable but have been used interchangeably in earlier 

investigations [30,31]. The deepest invasion of the tumour in the tissue from the tumour surface is described as 

tumour thickness, and the distance from the surrounding epithelial surface to the deepest point of invasion of the 

tumour is defined as DOI. [32,33] Tumor volume is estimated by multiplying the sum of all transverse section 

areas by the thickness of the section. [34] For MRI-based measurement, a study was done in which DOI was 

replaced with TT. [35] 

As a result of these vital issues, selecting an appropriate preoperative diagnostic approach becomes 

crucial. In this study, articles were read and analysed to identify the tumour depth for each imaging modality. 

The diagnostic capabilities of CT, MRI, CECT, and USG were compared. Each study was examined separately 

for its design, quality, tumour site, age, and modality employed. Despite the fact that pathological examination 

remains the gold standard for assessing thickness, formalin preparation and paraffin embedding have been 

proven to cause some shrinkage. 
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MRI can be used to determine the extent and stage of primary oral cavity malignancies. Because 

tumours have higher signal intensity than normal tongue tissue, MRI can accurately detect OTSCC. Previous 

research has discovered a strong link between MRI-based TT and pathological TT[23]. Different magnetic 

strengths have been used in studies, and it has been suggested that T1-weighted imaging is better for measuring 

preoperative tumour thickness and staging, as well as planning case management. A difference of 3.3 mm and 

3.9 mm was reported between tumour thickness on CET1WI and pathological DOI with 1.5 T and 3T MRI, 

respectively, in a research by Baba et al. [10] In the investigation, stretching with a rubber plate reduced 

processing shrinkage. 

Heterogenous results were also seen when a study was conducted by Chen et al, on T4a-staged tongue 

carcinoma isolately, but a significant correlation was present with correlation coefficient R = 0.905. It was found 

that the mean MRI thicknesses were significantly greater than histologic thicknesses in various studies. 

Differences between histologic and MRI thicknesses were found to be small (about 10%)[14].  Preda et al, 

mentioned that overestimation of MRI thickness is due to the presence of peritumoral edema which leads to the 

increased signal intensity surrounding the lesion. So, they measure the thickness in T2-weighted images with fat 

suppression over tongue cancers which are not usually surrounded by conspicuous edema [12]. They have also 

mentioned that in relation to tumor size and degree of vascularization, contrast agent gets distributed variably.  

In their retrospective investigation, Koning et al found that TT is more accurately evaluated with US 

than MRI when compared to other imaging modalities. They employed an intraoral ultrasonography tool that 

was placed on the lesion directly. The mean difference between TT measured on US and histology was 0.05 mm 

(STD 2.7 mm) and 1.3 mm (STD 3.7 mm) between MR and histopathology [13]. Similarly, Lodder and 

colleagues observed that USG (R=0.87) had a greater correlation with histology than MRI (R=0.54)[17]. 

In the past, ultrasonography was used to evaluate tumor thickness in a variety of ways, including intra-oral, 

transbuccal, and submental [36]. While the majority of the studies in this review used the mode in the 

preoperative period, Songra et al used intraoperative intra-oral ultrasound imaging to measure surgical margin 

clearance of tumor and found good reliability [20]. Weimer et al. conducted a study blinded to pathology to 

evaluate the radiologic tumour thickness using preoperative CT or MR imaging, and observed a significant rTT-

pTT correlation (P0.001) with somewhat greater correlation with MRI. The involvement of the mucosal 

epithelium, lamina propria, and muscles can be seen clearly on MRI. [21] It has a higher structural resolution 

than CT and sonography. 

Because of the concomitant extreme discomfort experienced by patients, particularly with the floor of 

mouth, it is more difficult to keep the USG probe in touch with lesions, and the technique is more operators 

reliant. Madana et al. discovered a highly significant association between pathological tumor thickness of 11.60 

mm and mean CT tumor thickness of 12.88 mm, but cited MRI as a better modality in the evaluation of soft 

tissue lesions [18]. 

The literature is divided on whether 3.0-T MR performs better than 1.5-T MR. According to Moreno et 

al. [37] and Lu et al. [38], the most interesting feature of 3.0-T MR is an expected signal-to-noise ratio increase 

proportional to magnetic field strength, but other features such as increased T1 relaxation time, decreased T2 

relaxation time, increased magnetic susceptibility contrast, and increased spectral resolution for MR 

spectroscopy may also provide important benefits. Neumann et al. [39], on the other hand, noticed certain 

important difficulties with 3.0-T MR due to the greater magnetic susceptibility, which led to probable spatial 

distortion, according to the authors. Singh et al. [40] found good agreement (K=0.79) between MR and 

histology for T staging, with only 14% of patients changing their fnalpT category. 

In tiny tumours, the partial volume effect of FDG PET is a significant drawback. PET scanners, along 

with its modifications, have been discovered to be significantly associated with MRI based TT, which is not 

available with non SiPM pet based long axis. In T1 and T2 tumours, MRI-based tumour thickness is not 

connected with both PET and SIPM PET, but it is correlated with both SIPM PET and non SIPM PET in T3 and 

T4. The study also demonstrated that pathological and SiPM-based PET had a substantial association when 

compared to non-Si PM PET. 

Tenderness, trismus, or anatomic location that prevents proper ultrasound probe positioning is all 

limitations of intraoral ultrasonography. Furthermore, in bigger tumours (i.e. >20 mm), discordances between 

pathological and ultrasound-derived tumour thickness have been observed, which can be explained by 

transducer limitations as well as tissue shrinkage due to histological processing. 

 

III. Conclusion 
This review demonstrates that ultrasonographic examination provides better accuracy than MRI and 

CT, with major advantage of being non-invasive, quick, and repeatable and increased number of prospective 

applications. Selection of the way to perform, ultrasonography should be made on the basis of location of tumor. 

On the other hand, MRI provides better structural resolution than CT and USG, but remains limited for the 

detection of lesions > 3mm.  



Performance Of Different Radiological Imaging  Modalities For Estimation Of Tumor Thickness .. 

DOI: 10.9790/0853-2203143948                                    www.iosrjournal.org                                           44 | Page 

References 
[1]. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN 

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 2021; 71(3):209–49.  

[2]. Chinn SB, Myers JN. Oral Cavity Carcinoma: Current Management, Controversies, and Future Directions. J ClinOncol. 
2015;33(29):3269–76.  

[3]. da Silva SD, Kowalski LP. Perineural Invasion in Oral Cancer: Challenges, Controversies and Clinical Impact. Chin ClinOncol. 

2019;8(S1):S5.  
[4]. Coletta RD, Yeudall WA, Salo TA. Grand Challenges in Oral Cancers. Front Oral Health. 2020; 1:3. 

[5]. Kumar S, Noronha V, Patil V, Joshi A, Menon N, Prabhash K. Advances in Pharmacotherapy for Head and Neck Cancer. Expert 

OpinPharmacother. 2021;30:1–12.  
[6]. Galli A, Bondi S, Canevari C, Tulli M, Giordano L, Di Santo D, et al. HighRisk Early-Stage Oral Tongue Squamous Cell 

Carcinoma, When Free Margins Are Not Enough: Critical Review. Head Neck. 2021; 43(8):2510– 22. 

[7]. Takamura M, Kobayashi T, Nikkuni Y, Katsura K, Yamazaki M, Maruyama S, Tanuma JI, Hayashi T. A comparative study 
between CT, MRI, and intraoral US for the evaluation of the depth of invasion in early stage (T1/T2) tongue squamous cell 

carcinoma. Oral Radiol. 2021;1-2. 

[8]. Kojima I, Takanami K, Ogawa T, Sakamoto M, Nagai H, Miyashita H, Iikubo M. High detection sensitivity and reliable 
morphological correlation of PET with a silicon photomultiplier for primary tongue squamous cell carcinoma. Ann Nuclear Med. 

2020;34(9):643-52. 

[9]. Yoon BC, Bulbul MD, Sadow PM, Faquin WC, Curtin HD, Varvares MA, Juliano AF. Comparison of intraoperative sonography 

and histopathologic evaluation of tumor thickness and depth of invasion in oral tongue cancer: a pilot study. Am J Neuroradiol. 

2020;41(7):1245-50. 

[10]. Baba A, Hashimoto K, Kuno H, Masuda K, Matsushima S, Yamauchi H, Ikeda K, Yamazaki M, Taiki S, Ogane S, Kurokawa R. 
Assessment of squamous cell carcinoma of the floor of the mouth with magnetic resonance imaging. Japan J Radiol. 2021 

;39(12):1141-8. 

[11]. Boland PW, Watt-Smith SR, Pataridis K, Alvey C, Golding SJ. Evaluating lingual carcinoma for surgical management: what does 
volumetric measurement with MRI offer?. Br J Radiol. 2010;83(995):927-33. 

[12]. Preda L, Chiesa F, Calabrese L, Latronico A, Bruschini R, Leon ME, Renne G, Bellomi M. Relationship between histologic 

thickness of tongue carcinoma and thickness estimated from preoperative MRI. EurRadiol. 2006 ;16(10):2242-8. 
[13]. deKoning SB, Karakullukcu MB, Lange CA, Ruers TJ. The oral cavity tumor thickness: Measurement accuracy and consequences 

for tumor staging. Eur J SurgOncol. 2019;45(11):2131-6. 

[14]. Chen WL, Su CC, Chen CM, Lee MC, Chen HC, Chen MK. MRI-derived tumor thickness: an important predictor of outcome for 
T4a-staged tongue carcinoma. Eur  ArchOto-Rhino-Laryngol. 2012;269(3):959-63. 

[15]. Choi HG, Jeon EY, Won JY, Kim JH, Lee G, Kim SW, Park B. Transbuccalsonographic evaluation of the local extent of tumors of 

the tongue with pathological correlation. J Clin Ultrasound. 2015;43(7):412-6. 
[16]. Lam P, Au-Yeung KM, Cheng PW, Wei WI, Yuen AP, Trendell-Smith N, Li JH, Li R. Correlating MRI and histologic tumor 

thickness in the assessment of oral tongue cancer. Am J Roentgenol. 2004 ;182(3):803-8. 

[17]. Lodder WL, Teertstra HJ, Tan B, Pameijer FA, Smeele LE, van Velthuysen ML, van den Brekel MW. Tumour thickness in oral 
cancer using an intra-oral ultrasound probe. EurRadiol. 2011;21(1):98-106. 

[18]. Madana J, Laliberté F, Morand GB, Yolmo D, Black MJ, Mlynarek AM, Hier MP. Computerized tomography based tumor-

thickness measurement is useful to predict postoperative pathological tumor thickness in oral tongue squamous cell carcinoma. J 
Otolaryngol-Head & Neck Surg. 2015;44(1):1-4. 

[19]. Shintani S, Yoshihama Y, Ueyama Y, et al. The usefulness of intraoral ultrasonography in the evaluation of oral cancer. Int J Oral 

MaxillofacSurg 2001;30:139.  
[20]. Songra AK, Ng SY, Farthing P, Hutchison IL, Bradley PF. Observation of tumour thickness and resection margin at surgical 

excision of primary oral squamous cell carcinoma—assessment by ultrasound. Int  J Oral Maxillofac Surg. 2006;35(4):324-31. 

[21]. Weimar EA, Huang SH, Lu L, O'Sullivan B, Perez-Ordonez B, Weinreb I, Hope A, Tong L, Goldstein D, Irish J, de Almeida JR. 
Radiologic-pathologic correlation of tumor thickness and its prognostic importance in squamous cell carcinoma of the oral cavity: 

implications for the eighth edition tumor, node, metastasis classification. Am J Neuroradiol. 2018 39(10):1896-902. 

[22]. Tang H, Li H, Sun Z. Targeting myeloid-derived suppressor cells for cancer therapy. Cancer Biol Med. 2021;18(4):992. 
[23]. Iwai H, Kyomoto R, Ha‐ Kawa SK, Lee S, Yamashita T. Magnetic resonance determination of tumor thickness as predictive factor 

of cervical metastasis in oral tongue carcinoma. Laryngosc. 2002;112(3):457-61. 
[24]. Filauro M, Missale F, Marchi F, Iandelli A, Carobbio AL, Mazzola F, Parrinello G, Barabino E, Cittadini G, Farina D, Piazza C. 

Intraoral ultrasonography in the assessment of DOI in oral cavity squamous cell carcinoma: a comparison with magnetic resonance 

and histopathology. Eur Arch Oto-Rhino-Laryngol. 2020:1-0. 
[25]. Noorlag R, Nulent TJ, Delwel VE, Pameijer FA, Willems SM, de Bree R, van Es RJ. Assessment of tumour depth in early tongue 

cancer: accuracy of MRI and intraoral ultrasound. Oral Oncol. 2020;110:104895. 

[26]. Asakage T, Yokose T, Mukai K, Tsugane S, Tsubono Y, Asai M, Ebihara S . Tumor thickness predicts cervical metastasis in 
patients with stage I/II carcinoma of the tongue. Cancer. 1998;82:1443–1448   

[27]. Bundgaard T, Bentzen SM, Wildt J, Sorensen FB, Sogaard H, Nielsen JE. Histopathologic, stereologic, epidemiologic, and clinical 

parameters in the prognostic evaluation of squamous cell carcinoma of the oral cavity. Head Neck 1996;18:142 – 152  
[28]. Huang SH, Hwang D, Lockwood G, Goldstein DP, O’Sullivan B. Predictive value of tumor thickness for cervical lymph-node 

involvement in squamous cell carcinoma of the oral cavity. Cancer. 2009;115:1489–97. 

[29]. Spiro RH, Huvos AG, Wong GY, Spiro JD, Gnecco CA, Strong EW (1986) Predictive value of tumor thickness in squamous 
carcinoma confined to the tongue and floor of the mouth. Am J Surg 152:345–350  

[30]. Yamazaki H, Inoue T, Teshima T, et al. Tongue cancer treated with brachytherapy: is thickness of tongue cancer a prognostic factor 

for regional control? Anticancer Res 1998;18:1261 – 1265 
[31]. Biel MA. Photodynamic therapy treatment of early oral and laryngeal cancers. PhotochemPhotobiol 2-007; 83:1063– 1068 

[32]. Baba A, Hashimoto K, Kayama R et al. Radiological approach for the newly incorporated T staging factor, depth of invasion (DOI), 

of the oral tongue cancer in the 8th edition of American Joint Committee on Cancer (AJCC) staging manual: assessment of the 
necessity for elective neck dissection. Jpn J Radiol.2020; 38: 821–832. 

[33]. Huang SH, Hwang D, Lockwood G, et al. Predictive value of tumor thickness for cervical lymph-node involvement in squamous 

cell carcinoma of the oral cavity: a meta-analysis of reported studies. Cancer 2009;115:1489e9 
[34]. Kane SV, Gupta M, Kakade AC, et al. Depth of invasion is the most significant histological predictor of subclinical cervical lymph 

node metastasis in early squamous carcinomas of the oral cavity. Eur J SurgOncol 2006;32:795e803. 



Performance Of Different Radiological Imaging  Modalities For Estimation Of Tumor Thickness .. 

DOI: 10.9790/0853-2203143948                                    www.iosrjournal.org                                           45 | Page 

[35]. Moore C, Kuhns JG, Greenberg RA. Thickness as prognostic aid in upper aerodigestive tract cancer. Arch Surg 1986;121:1410–

1414.  
[36]. Barakos JA, Dillon WP, Chew WM, et al. Orbit, skull base, and pharynx: contrast-enhanced fat suppression MR imaging. Radiol 

1991;179:191–198  

[37]. Moreno KF, Cornelius RS, Lucas FV et al. Using 3 Tesla magnetic resonance imaging in the pre-operative evaluation of tongue 
carcinoma. J Laryngol Otol.2007; 131:793–800  

[38]. Lu H, Nagae-Poetscher LM, Golay X et al. Routine clinical brain MRI sequences for use at 3.0 Tesla. J MagnReson Imaging.2005; 

22:13–22  
[39]. Neumann JO, Giese H, Biller A et al. Spatial distortion in MRI-guided stereotactic procedures: evaluation in 1.5-, 3- and 7-Tesla 

MRI Scanners. StereotactFunctNeurosurg 2015; 93:380–386. 

[40]. Singh A, Thukral CL, Gupta K et al. Role of MRI in evaluation of malignant lesions of tongue and oral cavity. Polish J Radiol. 
2017;82:92–99. 

 

 

TABLE 1: PICO FORMAT 

S.No Category Search items 

1 Population Patient with Oral cancer 

2 Intervention Imaging Techniques 

3 Comparison Between different imaging techniques 

4 Outcome Estimation of tumor thickness of oral cancer 

 

TABLE NO: 2    DATA SELECTION 

Initial search 200 

Duplicates and non-relevant 75 

Case reports and series 42 

Reviews  40 

Abstract  18 

 

Table no: 3 EXTRACTED DATA 
Study Design of 

study 

Study 

group 

Mean age  Tumor location 

and stage  

Imaging modality 

used 

Comparison  

Kojima et al  

(2020) [8] 

Retrospective 46 

(25- SiPM 

PET/CT 
21- 

conventional 
PET/CT) 

65.9 years  

(26 men,  

20 women) 
 

OTSCC 

T1- 6 

T2- 9 
T3-6 

T4-4 

 (PET) scanner using 

a silicon 

photomultiplier 
(SiPM PET) and 

conventional 
PET/CT/ MRI/HP 

SiPM PET better 

detection sensitivity  

tumors 

Yoon et 

al(2020) [9] 

Prospective 26 NA OTSCC Sonography Intraoral Sonography 

provides better 

results 

Baba et 

al(2021) 

[10] 

Retrospective 30 67±10.3 years 

(18 males and 

12 females) 

Floor of mouth Coronal fat-

suppressed CET1W 

/coronal T2WI/ HP 

Undetectability on 

MRI -superficial 

lesions with a DOI 

<3 mm. 

Boland et al 

(2010) [11] 

Retrospective 40 (24 men, 16 

women) had a 

mean age of 57 
years (23–86 

years) 

OTSCC T2 weighted fast 

spin-echo images 

with fat suppression 

NA 

Preda et al 
(2006) [12] 

Retrospective 33 52 years 
( 21 men  

 12 women ) 

OTSCC T2-weighted fat-
suppressed images 

MRI- 
accurate and 

reproducible 

 

Koning et al 
(2019) [13] 

Retrospective  83 61 years 
(45 men  

 38 women) 

 

tongue (58), floor 
of the mouth (24), 

palate (2), lip (1) 

USG/ MRI TT is best estimated 
with the use of USG 

Chen et Retrospective  58 (54 male OTSCC 1.5T MRI axial T1- NA 
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al(2011) 

[14] 

4 female) weighted images 

,axial & coronal fat-

suppressed T2-
weightedsequence, 

contrast-enhanced 

T1-weighted spin-
echo images 

Choi et 

al(2014) 
[15] 

Prospective 29 52 yearrs 

(22 men,  
7 women) 

OTSCC(16) 

Fibroma(3), 
hemangioma(10) 

Transbuccal USG/ 

HP 

 NA 

Lam et 

al(2004) 
[16] 

Prospective 18 63.5 years  

(16 males  
2 female) 

OTSCC:  

8- T1 (7-N0 and  
1-N1; all M0); 

8- T2 (6-N0 and 2-

N1; all, M0);  
 2 at T3 (both, N1; 

both, M0) 

MRI (contrast-

enhanced T1-
weighted and T2-

weighted spin-echo 

sequences) and 
histologic sections 

MRI- satisfactory 

Lodder et al 

(2011) [17] 

Retrospective 

 

65 65 years 

( 34 men  

 31 women) 

Tongue (38),  Floor 

of the mouth (22)  

Other sites (n=5). 

T1 AND T2 

STAGE 

Intra-oral US (65)  

MRI (36) 

NA 

Madana et al 

(2015) [18] 

Retrospective 

 

116 66 years 

(range 28–92) 

OTSCC CT/HP CT scan provide an 

accurate estimation 

of true thickness 

Shintani et 
al(1997) 

[19] 

Prospective 24 32 -77 years;  
(16 men  

 8 women). 

OTSCC  
T1NOMO to 

T4NOMO. 

I/0 USG/ HP NA 

Songra et 
al(2005) 

[20] 

prospective 14 N/A 11 OTSCC 
1 alveolar mucosa 

1 floor of mouth 

1 lip 

Intraoral USG/ HP Intraoral USG- 
assessing the TT and 

the surgical 

margin clearance  

Weimer et 
al(2018) 

[21] 

prospective 335  62 years 
(129 female 

206 male) 

All OSCC except 
lip  

T1-T3 

CT/ MRI/HP Both rDOI and 
rTTare indepen- 

dently associated 

with inferior OS in 
addition to seventh 

edition T-category. 

Tang et 
al(2021) 

[22] 

Retrospective 122 62 yrs 
(78 Male 

44 female) 

OTSCC (T2WI), diffusion-
weighted imaging 

(DWI),  

dynamic enhanced-
T1 high-resolution 

insotropic volume 

examination (e-
THRIVE), (CE-

T1WI) 

NA 

Iwai et al 
(2002) [23] 

Retrospective 30 
 

54.2 years 
(24 male 

6 female) 

OTSCC ( 7 T1 
tumors, 18 T2 

tumors, and 5 T3 

tumor) 

T2-weighted 
sequence in the axial 

plane 

NA 

Filauro et al 
(2021) [24] 

Retrospective 49 65.6 Years  
(22 Female 27 

Male) 

cT1-T3 OCSCC 1.5 T MR, 3 T MRI,  
IOUSG 

Good correlation 
with 

histopathological 

findings. IOUS- used 
alone, for 

preoperative staging 

of early OCSCC.  
3 T MR >1.5 T MR. 

Takamura M 

et al (2021) 
[7] 

Retrospective  48 65.7 years (28 

men and 20 
women) 

T1/T2 tongue 

cancer 

US, CT, and 

1.5 T MRI in 
preoperative image 

depth of invasion 

(DOI)  

US most accurate 

preoperative 
diagnostic tool for T1 

and T2 SCC 

Noorlag R et 

al (2020) 

[25] 

Retrospective 83 for MRI 

107 for 

IOUS  

64 years (74 

males and 72 

females) 

T1-2 tongue cancer 1.5 T MRI, 3 T MRI, 

IOUS 

Estimation of 

histopathological 

DOI in tongue 
cancers with DOI till 

10 mm is very 

accurate through 
use of IOUS. 

MRI tends to 

overestimate DOI in 
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both thin and thick 

tumours. 

 

Table 4 Risk of bias assessment. 

Authors name  Selection Bias 

Random 

sequence 
generation 

 

        

Allocation 
Concealment 

Reporting 

bias 

Others  Performance bias 

Blinding 

participants and 
personnel 

 

 

 
Blinding 

Outcome 

Attrition bias 

Kojima et al  

(2020)[8] 

Low risk Low risk Low risk Low risk Low risk Unclear  High risk 

Yoon et 

al(2020)[9] 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Baba et 

al(2021)[10] 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Boland et al 

(2010)[11] 

Low risk Unclear  Low risk Low risk Low risk Unclear  Low risk 

Preda et al 

(2006) [12] 

Low risk Low risk Low risk Low risk Unclear  Unclear  Low risk  

Koning et al 

(2019) [13] 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Chen et 

al(2011)[14] 

Low risk Low risk Unclear  Low risk Low risk Unclear  Low risk 

Choi et al(2014) 

[15] 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Lam et 

al(2004)[16] 

Low risk Low risk Low risk Low risk Low risk Unclear  High risk 

Lodder et al 

(2011)[17] 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Madana et al 

(2015)[18] 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Shintani et 

al(1997) [19] 

Low risk Unclear  Low risk Low risk Low risk Unclear  Low risk 

Songra et 

al(2005) [20] 

Low risk Low risk Low risk Low risk Unclear  Unclear  Low risk  

Weimer et 

al(2018) [21] 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Tang et al(2021) 

[22] 

Low risk Low risk Unclear  Low risk Low risk Unclear  Low risk 

Iwai et al (2002) 

[23] 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Filauro et al 

(2021) [24] 

Low risk Low risk Unclear  Low risk Low risk Unclear  Low risk 

Takamura M et 

al (2021) [7] 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Noorlag R et al 

(2020) [25] 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 
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Figure: PRISMA flow chart 

Dr.Sakshi Agarwal, et. al. ―Performance Of Different Radiological Imaging  Modalities For 

Estimation Of Tumor Thickness Of Oral Cancer- A Systematic Review.‖ IOSR Journal of Dental 

and Medical Sciences (IOSR-JDMS), 22(3), 2023, pp. 39-48. 

 

 

 

 

 

 


