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Abstract

Objective

To establish the diagnostic accuracy of magnetic resonance imaging (MRI) as an auxiliary
means for the diagnosis of oral cancer through a systematic review and meta-analysis.

Methods

An exhaustive search of publications from 1986 to 2016 was performed of Medline, Embase
and Cochrane (and related databases), including grey literature. Primary diagnostic accu-
racy studies that assessed oral cancer (target condition) using MRI (index test) were
included. Diagnostic threshold, sensitivity and meta-regression analyses were performed. A
meta-analysis was performed using Meta-DiSc® v. 1.4 software.

Results

A total of 24 primary studies were assessed, comprising 1,403 oral cancer lesions. Nine
studies used diffusion-weighted MRI, with a diagnostic odds ratio (DOR) of 30.7 (95% confi-
dence interval [Cl]: 12.7-74.3) and area under the curve (AUC) of 0.917 (95% CI: 0.915—
0.918); seven studies used dynamic contrast-enhanced MRI, with a DOR of 48.1 (95%Cl:
22.4-103.2) and AUC of 0.936 (95% CI: 0.934-0.937); and 13 studies used traditional MRI,
with a DOR of 23.9 (95%ClI: 13.2—-43.3) and AUC of 0.894 (95% CI: 0.894-0.895). Meta-
regression analysis indicated that the magnetic field strength may have influenced the het-
erogeneity of the results obtained (p = 0.0233) using traditional MRI. Sensitivity analysis
revealed a discrete reduction of inconsistency in some subgroups.

Conclusion

The three types of MRI assessed exhibited satisfactory accuracy compared to biopsy. Con-
sidering the relevance of early treatment and screening and that better health care results in
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improved survival rates and quality of life for oral cancer patients, we suggest the use of MRI
as a part of the pre-treatment and monitoring protocol at public health services.

Introduction

Oral cancer is currently considered to be a public health problem worldwide. Although it rep-
resents little more than 2% of the global incidence of cancer, its lethality of 50% is a cause of
much concern [1]; moreover, this type of cancer is the sixth most common globally [2].
Approximately 650,000 new cases occur every year, and approximately 40% of head and neck
tumours are squamous cell carcinomas [3].

The high mortality rate of oral cancer has many causes and is likely associated with diagnos-
tic delay. Oral lesions are easy to access and should be diagnosed early for treatment to be effi-
cacious. Nevertheless, patients are often diagnosed in an advanced stage of disease. Diagnosis
is late in most cases because patients do not seek treatment or do not have easy access to pro-
fessionals who can establish the diagnosis [4].

Oral cancer has a subtle and asymptomatic onset, contributing to the diagnostic delay; for
this reason, special attention is required from clinical practitioners, especially when risk fac-
tors, such as smoking, alcohol consumption and sun exposure, are present [5]. The prevention
of oral cancer is intimately associated with early diagnosis and behavioural changes, such as
quitting smoking and drinking [6].

Within this context, health services must simultaneously detect oral cancer in patients and
maintain continued health education programmes that target risk factors. In addition, specific
times and/or situations must be chosen to increase public opinion [7]. For example, dentists
can play a significant role in the early detection of malignant and premalignant conditions and
should assess all patients at high risk for disease [7, 8].

The current first line of investigation of oral abnormalities is visual inspection, which is a
subjective method. Biopsy is the most widely accepted technique for accurate identification of
lesions in the oral mucosa and is considered the gold standard for the detection of oral cancer
[9].

Considering the aforementioned facts and the difficulties for early detection of oral cancer,
the search for evidence and assessment of new rapid, precise and less invasive diagnostic meth
ods is highly relevant [10]. Within this context, the use of imaging methods for the investiga-
tion of malignant head and neck tumours has increased substantially in parallel with the
development of the modern, so-called last-generation methods [11].

Magnetic resonance imaging (MRI) is the technique that affords the highest-quality images
of soft tissues without employing ionising radiation and without known biological risks [12].
This technique provides information on the extent of lesions, probable infiltration of major
vessels and lymph node involvement, thus contributing to the determination of treatment and
prognosis [13]. Some authors have noted the increasing use of diagnostic imaging techniques,
such as MRI, among patients undergoing treatment for oral cancer [14-16].

One meta-analysis addressing this subject compared the accuracy of computed tomography
and MRI for the diagnosis of cervical lymph node metastasis of head and neck cancer [17].
Another meta-analysis assessed the accuracy of MRI for the specific diagnosis of mandibular
involvement of head and neck cancers [18]. However, none of these studies assessed the accu-
racy of MRI for the specific diagnosis of oral neoplasms.

Based on the aforementioned considerations and the lack of systematic reviews and meta-
analyses assessing the accuracy of MRI for specific diagnosis of oral cancer, the present study
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sought to provide evidence on this subject. Oral cancer impacts the morbidity, mortality and
quality of life of users of public health services, and early diagnosis can lead to a better progno-
sis. Moreover, methods such as MRI (i.e., non-invasive, easy to perform and reportedly effica-
cious for the diagnosis and precise delimitation of oral cancer lesions) are available at public
health services. For these reasons, an assessment of the accuracy of these techniques for the diag-
nosis of oral cancer via a systematic review and meta-analysis will provide important evidence
of their diagnostic validity. These data may serve as the foundation of proposals to include such
methods in clinical practice, ultimately having a direct impact on the oral health of patients.

Materials and methods

A systematic review of diagnostic accuracy studies was performed. An exhaustive search strat-
egy of studies published from 1986 to 2016 was performed in the databases Medical Literature
Analysis and Retrieval System Online (Medline) via PubMed (S1 Fig), Cancer Literature
(CANCERLIT), Latin American and Caribbean Health Sciences Literature (LILACS), Excerpta
Medical Database (Embase) and related databases, including so-called “grey” literature”, using
items for Systematic Reviews and Meta-analysis (PRISMA) guidelines (S1 File).

Search terms were selected from Medical Subject Headings (MeSH) and the Embase
Emtree thesaurus and included “Oral Cancer” and synonyms associated to the index diagnos-
tic test, which was designated “Magnetic Resonance” (and synonyms).

The symbol “*” was used to retrieve all variations of the search terms suffixes. The afore-
mentioned terms were combined using the Boolean operators “AND”, “OR” and “NOT”.

The search was restricted to studies on humans; no limitation was established as to the lan-
guage of publications. The references mentioned in all retrieved primary studies were ana-
lysed. In addition, authors of publications with incomplete data were directly contacted.

The titles and abstracts of retrieved studies were independently analysed by two investiga-
tors. Articles in English were assessed by two reviewers, and articles in other languages by a
third independent reviewer; translations were performed when necessary. Instances of dis-
agreement as to inclusion or exclusion of articles were solved by consensus; when consensus
could not be attained, disagreement was solved by a fourth reviewer.

Primary diagnostic accuracy studies relating to diagnosis of oral cancer (target condition)
by means of MRI (index test) were included. Studies reporting on oral cancer in adult patients
were considered; oral cancer was defined as neoplasms affecting the lips and oral cavity (oral
mucosa, gums, hard palate, tongue, salivary glands and oral floor). The MRI results (positive
or negative) were considered as index tests.

Studies with oral cancer patients assessed based on the gold standard test (biopsy) and stud-
ies that included patients with histopathological diagnosis of oral cancer and without previous
treatment were considered in the present review. Only studies in which the magnetic field
strength (T) varied from 0.5 T to 3 T were considered because this is the most effective range
for the identification of malignant tumours.

Studies with data that did not allow for the construction of a 2 x 2 contingency table were
excluded, as were studies with patients who exhibited contraindications to MRI, including
pacemakers, aneurysm clips, metallic fragments in the eyes, cochlear implants, ocular
implants, internal drug infusion pumps, certain prosthetic heart valves, steel-containing bul-
lets, bone growth stimulators and neurostimulators [6].

Studies conducted with patients exhibiting contraindications to the use of gadolinium con-
trast media were excluded. These conditions included the following: kidney failure, haemolytic
anaemia, sickle-cell anaemia, pregnancy, breastfeeding, respiratory disorders, asthma and a
history of allergy to the contrast media.
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Next, the following data were extracted from the included studies: year of publication,
country and continent where the study was conducted, type of oral cancer, study design and
demographic data (e.g., age and gender) in addition to number of oral cancer patients and
number of diagnostic hits on MRL

These data were independently extracted by two reviewers. The data from articles published
in languages other than English were independently extracted by a third reviewer; translations
were performed when necessary. Instances of disagreement as to the extracted data were
solved first by consensus or by another reviewer when consensus could not be reached.

The methodological quality of studies was assessed based on the criteria included in the
Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool [19, 20], which was
designed to evaluate studies based on four key domains (patient selection; index test; reference
standard; and flow and timing).

A 2 x 2 contingency table was constructed for each selected study; the results corresponding
to the gold standard and MRI were entered as positive or negative. Sensitivity, specificity and
likelihood ratio were calculated; the diagnostic odds ratio (DOR) was used as measure of diag-
nostic accuracy. A DOR value of 1 indicates a test without discriminatory power; the higher
the DOR value, the greater the degree of relevance of the assessed diagnostic test [21].

For the studies in which one single cell in the 2 x 2 contingency table had a value of 0, 0.5
was added to all of the cells to enable calculation. However, studies in which 0 occurred in
more than two cells were excluded from meta-analysis.

Meta-analysis was performed using software Meta-DiSc®) version 1.4 (developed by
Unit of Clinical Biostatistics, Ramon y Cajal Hospital, Madrid, Spain)[22]. Bivariate analysis
was used to perform combined estimations of sensitivity, specificity and likelihood ratio
with 95% confidence interval (CI) to estimate the summary results presented in the meta-
analysis [23-25]. Summary measures were obtained using the DerSimonian and Laird’s ran-
dom effects model (which considers the heterogeneity inherent to this type of systematic
review) [26]. Heterogeneity was calculated using the chi-squared (X*) and Cochran’s Q test,
inconsistency was assessed using I, and 7° was used to estimate variation between studies
[23,27].

Because of the heterogeneity that was found, sensitivity analysis was performed to identify
associated cofactors (e.g., continent where the study was performed and the tumour primary
site). Cofactors that were potentially associated with heterogeneity were also subjected to
meta-regression [28].

To further investigate heterogeneity, diagnostic threshold analysis was performed based on
the correlation (Spearman’s) between the logit of sensitivity and the logit of [1 —specificity]
[22]. When a threshold effect occurs, the sensitivity and specificity of the investigated study
exhibit negative correlation (or a positive correlation between sensitivity and [1 -specificity].
Therefore, a strong positive correlation between sensitivity and [1 —specificity] suggests the
presence of a threshold effect [22].

When heterogeneity was observed, a summary receiver operating characteristic (SROC)
curve was plotted. This method was appropriate given that the global sensitivity and specificity
values were overestimated. In such cases, in addition to analysis of the ROC panel points, anal-
ysis of the SROC curve is also recommended [29, 30].

As is known, the various types of MRI techniques exhibit differences in threshold; therefore,
to expand the information provided the study, the analysis was divided by MRI type (i.e., diffu-
sion-weighted MRI [DW MRI], dynamic contrast-enhanced [DCE MRI] and traditional
MRI).

The present study is registered at the PROSPERO database under number CRD42016043868.
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Results and discussion

A total of 24 studies on the use of MRI as a diagnostic test for oral cancer were included in the
systematic review, comprising 1,404 oral cancer lesions [31-54]. The study selection process is
depicted in Fig 1. Search in databases retrieved 894 abstracts. Following assessment of titles
and abstracts, the full text of 126 studies was analysed, and 24 were selected for meta-analysis.

Nine studies performed DW MRI [32, 33, 36, 37, 41, 44, 49, 50, 52], seven used DCE MRI
[31, 32, 39, 42, 43, 49, 53], and 13 applied traditional MR [33-35, 38, 40, 42, 45-48, 51, 52, 54].
It should be noted that some studies used more than one MRI type [32, 33, 42, 49, 52].

A full description of the studies, the standards and the tests used is presented in Table 1.

Relative to DW MRI, the global sensitivity was 76.4% (95% CI: 67.3%-83.9%), and the
global specificity was 91.3% (95% CI: 87.3%-94.4%). The global positive likelihood ratio was

g 894 studies located 0 additional studies located
‘-g based on the search from other sources
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c

Q \ 4 \ 4

S
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A 4
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\ 4
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Fig 1. Study flow diagram.
https://doi.org/10.1371/journal.pone.0177462.g001
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8.0 (95% CI: 3.7-17.4), i.e., a positive DW MRI result increased by 8.0-fold the odds of an accu-
rate diagnosis of patients who actually had oral cancer. Heterogeneity was found both with the
Cochran’s Q test (p = 0.0067) and using 7 = 0.7296; inconsistency (P = 62.2%) was moderate
[27]. The global negative likelihood ratio was 0.3 (95% CI: 0.20-0.50). This result indicates the
use of DW MRI given that it is close to zero (i.e., the odds of a false-positive result is only
increased by a factor of 0.3). Cochran’s Q test did not detect heterogeneity, but a 7° of 0.1647
indicates heterogeneity; inconsistency (I = 39.9%) was moderate [27]. Global DOR was 30.7
(95% CI: 12.7-74.3), i.e., the odds of a positive DW MRI result were 30.7-fold higher among
individuals with oral cancer compared to those without disease. The area under the SROC was
high [55] (AUC = 0.917; 95% CI: 0.915-0.918), and Q* was 0.85 for DW MRI for the diagnosis
of oral cancer.

Relative to DCE MR, the global sensitivity was 84.0% (95% CI: 76.2%-90.1%), and the
global specificity was 89.5% (95% CI: 84.7%-93.2%). The global positive likelihood ratio was
7.2 (95% CI: 3.1-16.6); therefore, a positive DCE MRI result increased by 7.2-fold the odds of
an accurate diagnosis of patients who actually had oral cancer. Heterogeneity was found both
on Cochran’s Q test (p = 0.0002) and the 7% value (0.8916); inconsistency (? = 77.1%) was high
[27]. The global negative likelihood ratio was 0.2 (95% CI: 0.1-0.3). This result indicates the
use of DCE MRI given that this value is close to zero. Specifically, the odds of a false-positive
result are increased by only a factor of 0.22. Heterogeneity was not detected in Cochran’s Q
test (0.2588) or by the 72 value (0.0951); inconsistency (P2 = 22.4%) was low [27]. Global DOR
was 48.1 (95% CI: 22.4-103.2), i.e., the odds of a positive DCE MRI result were 48.1-fold
higher among individuals with oral cancer compared to those without the disease. The area
under the SROC was high[55] (AUC = 0.936; 95% CI: 0.934-0.937), and Q* was 0.87 for DCE
MRI for the diagnosis of oral cancer.

Regarding traditional MRI, the global sensitivity was 72.5% (95% CI: 66.4%-78.0%), and
the global specificity 86.6% (95% CI: 84.0%-88.9%). The global positive likelihood ratio was
6.5 (95% CI: 3.8-11.0), i.e,, a positive traditional MRI result increased by 6.5-fold the odds of
an accurate diagnosis of patients who actually had oral cancer. Heterogeneity was found on
Cochran’s Q test (p<0.001) and was confirmed by the 7% value (0.6480); and inconsistency
(P = 83.1%) was high[27]. The global positive likelihood ratio was 0.3 (95% CI: 0.2-0.4), a
result favouring the use of traditional MRI given that the value was close to zero. Specifically,
the odds of a false-positive result are increased by only 0.3-fold. Heterogeneity was detected
using Cochran’s Q test (p = 0.0005) and was confirmed by the 7 value (0.2273); inconsistency
(P = 65.3%) was moderate[27]. The global DOR was 23.9 (95% CI: 13.2-43.3); therefore,
the odds of a positive traditional MRI result were 23.9-fold higher among individuals with oral
cancer compared to those without disease. The area under the SROC was high[55] (AUC =
0.894; 95% CI: 0.894-0.895), and Q* was 0.82 for traditional MRI for the diagnosis of oral
cancer.

The data in Table 2 indicate that DCE MRI has the highest sensitivity, DOR and AUC and
that DW MRI has the highest specificity. In turn, traditional MRI exhibited the lowest values
for all of the parameters considered, in addition to a possible threshold effect (not confirmed
by the ROC panel-Fig 2).

The data in Table 2 suggest a threshold effect with traditional MRI, as shown by a positive
correlation between the logit of sensitivity and [1 —specificity] (p = 0.027). However, visual
inspection of the ROC panel does not indicate a threshold effect in any of the three types of
MRI analysed (Fig 2).

According to meta-regression analysis (Table 3), the magnetic field strength might influ-
ence the accuracy (relative DOR [RDOR] = 0.32; 95% CI: 0.13-0.82; p = 0.0233) of traditional
MRI. This finding may account for the heterogeneity exhibited by this MRI type. Regarding
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Table 2. Summary of diagnostic measures.

MRI Diagnostic measures Diagnostic threshold
Sensitivity | Specificity | DOR AUC rs P B P ROC panel
(95% ClI) (95%Cl) | (95% |(95% CI)
Cl)
DW MRI 76.4% 91.3% 30.7 0.917 |-0.168 | 0.666 | 0.018 | 0.9569 No
(67.3%- (87.3%- | (12.7- | (0.915- diagnostic
83.9%) 94.4%) 74.3) | 0.918) threshold
effect
DCE MRI 84.0% 89.5% 48.1 0.936 | 0.577 | 0.175 |-0.086 | 0.7936 No
(76.2%- (84.7%- (22.4— | (0.934- diagnostic
90.1%) 93.2%) 103.2) | 0.937) threshold
effect
Traditional 72.5% 86.6% 23.9 0.894 | 0.610 | 0.027* | -0.085 | 0.6373 No
MRI (66.4%- (84.0%- (13.2— | (0.894— diagnostic
78.0%) 88.9%) 43.3) | 0.895) threshold
effect

*statistically significant (p<0.05).

https://doi.org/10.1371/journal.pone.0177462.1002

the other two MRI types, the results described in Table 3 do not indicate that the analysed
cofactors are associated with heterogeneity.

Sensitivity analysis revealed a slight reduction in inconsistency in some subgroups
(Table 3). For DW MR, the heterogeneity of studies conducted in Europe and for tumours
located in the parotid gland decreased (P fell from 25.2% to 0%). As concerns DCE MRI, het-
erogeneity was maintained in the cases of salivary glands tumours and increased for tumours
in other sites. Lastly, in regard to traditional MRI, heterogeneity decreased in the studies con-
ducted in Asia (P fell from 43.2% to 0%) and the Americas (I° decreased from 43.2% to 0%)
and when the tumour was located in the salivary glands (I decreased from 43.2% to 0%).

A B c Diagnostic OR (95% CI)
Diagnostic OR (95% CI) Diagnostic OR (95% Cl) | Alibek et al. 2007 6125 (6:36-580,77)
o i ° ini {{ Bartels et al. 2000 2625 (4,14 - 166,45)
o Aletal. 2013 17,19 (313-9447) . etal. 2015 5250 (4,98-553,94)
—@— || Albeketal. 2007 10,00 (2,86 - 34,97) ——@+— | Aletal.2013 1238 (2,66 - 57,56) e Christo ot al. 2011 8% (@or-2359
Eida et al. 2007 255,00 (9,44 - 6.889,27) Hisatomi et al. 2007 117,33 (11,03 - 1.248,38) — assnacht et al. 2013 ans Ges-1354)
Inci et al. 2010 10,00 (1,00 - 100,46) ——@| Lametal. 2015 66,50 (16,25 - 272,15) Inohara et al. 2008 4675 (11,27 193.96)
. Kato et al. 2015 2625 (2,38 -288,94) ©—{| Matsuzaki et al. 2012 3465 (1,79 - 671,50) gt 2000, (115, 16139)
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Fig 2. Measures of diagnostic performance.
https://doi.org/10.1371/journal.pone.0177462.9002
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Table 3. Sensitivity analysis.

Covariable

DW MRI
Continent
Europe
Asia
Tumour site
Parotid gland
Other
DW global
DCE MRI
Tumour site
Salivary glands
Other
DCE global
TRADITIONAL MRI
Continent
Asia
Americas
Europe
Tumour site
Parotid gland
Salivary glands
Traditional global

N
(studies)

w

11
2
13

Sensitivity analysis

DOR (95% Cl)

11.81 (4.31-32.35)
59.77 (19.72-181.11)

16.06 (6.62-38.95)
89.43 (15.83-505-17)
30.76 (12.73-74.34)

75.04 (27.89-201.96)
29.99 (6.98-128.80)
48.12 (22.44-103.21)

21.40 (11.05-41.44)
11.36 (4.20-30.70)
39.45 (11.79-132.03)

23.48 (11.91-46.29)
34.11 (9.60-121-10)
23.98 (13.26-43.37)

https://doi.org/10.1371/journal.pone.0177462.1003

Meta-regression

P Covariable Coefficient | Standard error | RDOR (95% ClI) P
DW MRI
Age 0.060 0.0462 1.06 (0.95-1.19) | 0.2423
0% | Prevalence 0.003 0.0232 1.00 (0.95-1.06) | 0.9106
10.6% | Sample size (n) -0.018 0.0100 0.98 (0.96-1.01) | 0.1152
Magnetic field strength -0.222 1.1056 0.80 (0.05-11.98) | 0.8476
0%
40.1%
25.2%
DCE MRI
Age 0.087 0.0454 1.09 (0.94-1.26) | 0.1505
0% | Prevalence -0.037 0.0200 0.96 (0.92-1.01) | 0.1213
23.7% | Sample size (n) 0.003 0.0164 1.00 (0.96-1.05) | 0.8449
0% | Magnetic field strength -0.018 0.0729 0.98 (0.91-1.18) | 0.8165
TRADITIONAL MRI
Age -0.205 0.1052 0.81(0.64-1.04) | 0.0868
0% | Prevalence -0.022 0.0356 0.98 (0.91-1.06) | 0.5569
11% | Sample size (n) -0.016 0.0094 0.98 (0.96-1.00) | 0.1191
61.7% | Magnetic field strength -1.129 0.4141 0.32(0.13-0.82) | 0.0233*
50.4%
0%
43.2%

The methodological quality of the studies was very high, although some QUADAS-2 items
scored negatively or the corresponding data were not presented by the authors.
The present is the first systematic review that assessed the accuracy of MRI for the diagnosis

of oral cancer. The results show that the accuracy of the index test was good according to DOR
(DW MRI- 30.7; DCE MRI- 48.1; traditional MRI- 23.9) and SROC-AUC (DW MRI- 0.91;
DCE MRI- 0.93; traditional MRI- 0.89) analyses. In addition, MRI is non-invasive and can
therefore be used as an auxiliary means for diagnosis and prevention of oral cancer, as well as
for the planning of surgical interventions.
The 24 studies analysed in the present systematic review indicate the ability of MRI to diag-
nose malignant tumours with adequate sensitivity and specificity in patients with suspected
oral cancer.

Our study extracted data from retrospective diagnostic accuracy studies. The methodologi-

cal quality of the studies was very high, although some QUADAS-2 [20, 21] items scored nega-
tively or the corresponding data were not presented by the authors (S1 Table). We performed
bivariate analysis of sensitivity, specificity, likelihood ratio and DOR (with 95% CI); the latter
considers intra- and inter-study variability. We applied the latest Cochrane guidelines for sys-
tematic reviews and diagnostic test accuracy studies [21-23, 25, 28].

MRI is the technique that provides the highest-quality images of soft tissues, without
employing ionising radiation and without known biological risks [12, 56]. MRI also enables
multiplanar studies (axial, coronal and sagittal) and provides images with high anatomical def-
inition. The very low section thickness allows visualising structural lesions on the order of
millimetres. Currently available clinical MRI devices use magnetic fields of 0.2 T to 3.0 T, and
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magnetic field strength is directly proportional to the definition of the obtained images and to
the applicability of additional applications (e.g., software) [6].

Some researchers observed that the application of imaging tests to head and neck malignant
neoplasms has substantially increased in recent years with the development of the modern,
last-generation methods [11]. Diagnostic imaging techniques, such as computed tomography,
ultrasound, MRI, bone scintigraphy and positron emission tomography (PET), must be used
to complement the data obtained on clinical examination in terms of the tumour primary site,
extension and invasion of adjacent structures [12].

Recently, DW MRI was suggested to be a highly sensitive method for assessment of the
response to treatment, as well as for monitoring head and neck cancer [57]. Subsequently, sev-
eral studies applied DW MRI as a diagnostic test for several brain conditions [58, 59]. In addi-
tion, this technique was applied in studies of the spinal cord and vertebral column [60], liver
[61], kidneys and urinary tract [62].

Our study detected high heterogeneity among DW MRI results. A possible cause for such
heterogeneity is variation in the magnetic field strength applied, which was 1.5 T in seven stud-
ies, 3 T in one study and unspecified in another. The reason for such heterogeneity that the
magnetic field strength is directly related to the quality and wealth of detail of the obtained
images. Padhani et al. [63] reported that accepted standards in DW MRI measurement or anal-
ysis methods have not been established. Moreover, current imaging analysis protocols sug-
gested by different companies vary. This is the case even when considering the same
manufacturer, which can alter its suggested methods following upgrades [61].

DCE MRI is a promising imaging technique for the assessment of microvascular parameters
of tissue perfusion and consequently hypoxia [64]. This method is a non-invasive radiological
technique that provides information on the microvascular environment of cancer lesions through
the analysis of the contrast medium kinetics [65]. This test has potential for use in the detection
and characterisation of tumours [66], as well as in the planning of treatment, the initial prediction
of the response to treatment and assessment of treatment results [65]. We also found heterogene-
ity among results for this imaging modality, possibly due to variation in the cancer lesion sites
assessed with DCE MRI. Specifically, the analysed region was the salivary glands in four studies,
the palate in one and the tongue in another; the location was unspecified in one study.

In turn, traditional MRI has an outstanding role in the establishment of the origin, location
and boundaries of lesions. Conventional radiographs have limitations, only being useful for
screening lesions adjacent to mineralised tissue. This type of MRI does not employ ionising
radiation and is one of the most indicated tests for the diagnosis of tumour lesions [67-73].
Considerable heterogeneity was also found among traditional MRI studies in the present
meta-analysis, which might be accounted for by the various types of cancer assessed, different
lesion sites and differences in calibration.

Conclusions

Providing integral care to users of public and private health services is a highly relevant goal, as
are diagnostic confirmation in cases of oral cancer, pre-treatment assistance and control of the
progression of disease once it is diagnosed. For these reasons, the present systematic review
assessed the accuracy of MRI for the diagnosis of oral cancer, concluding this method is ade-
quate for the intended purpose. The three types of MRI assessed (DW, DCE and traditional
MRI) exhibited satisfactory accuracy compared to biopsy.

MRI is an adequate diagnostic option because it is available at public health services (in the
case of Brazil); it can be used for monitoring patients as well as for obtaining a precise delimita-
tion of lesions.
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However, the variability among the currently available MRI methods has hindered their
selection for clinical use; this bias was evident in the analysed studies given that the type of
MRI used was not standardised.

Heterogeneity was found among the analysed studies, likely due to variation of the mag-
netic field strength used for traditional MRI as well as of the criteria for malignancy.

Early treatment and screening is important for oral cancer patients, and better health care
results in improved survival rates, a better quality of life and the possibility of reducing the
number of unnecessary biopsies. For these reasons and based on the results of the present
study, we suggest the pilot use of MRI, as an auxiliary and complementary method to biopsy
for pre-treatment and monitoring of oral cancer patients.
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