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Abstract

Background: Tumors of the parotid gland are complex. The surgical approach depends on the histology, location, and size of the
tumor. Magnetic resonance imaging (MRI) is an important tool for accurate preoperative assessment of topography and infiltration;
however, its role in pathological differentiation remains controversial.

Purpose: Our study aims to illustrate the results of MRI in parotid tumors and correlate them with histopathological findings.
Materials and Methods: A retrospective and analytical study was conducted on 42 patients with clinically suspected parotid tumors,
collected over 12 years from 2011 to 2023. All patients underwent a multiparametric MRI protocol, including conventional sequences,
diffusion-weighted imaging (DWI) with apparent diffusion coefficient (ADC) measurement, and dynamic contrast-enhanced (DCE-
MRI) sequences. MRI results were then correlated with the definitive histopathological findings obtained after surgery. Statistical
analysis was performed using SPSS software. The concordance between MRI and histology was assessed using the kappa coefficient.
Results: Histopathology revealed 31 benign tumors (73.8%), 5 malignant tumors (11.9%), and 6 pseudotumors (14.2%). For
distinguishing benign from malignant tumors, MRI showed moderate agreement with histology (kappa = 0.58). However, excellent
concordance was observed for specific diagnoses: pleomorphic adenoma (kappa = 0.85) and Warthin tumor (kappa = 0.91). Mean ADC
values were significantly lower in malignant tumors compared to benign tumors (p < 0.05). Pleomorphic adenoma typically
demonstrated a Type A dynamic enhancement curve, Warthin tumor a Type B curve, and mucoepidermoid carcinoma a Type C curve.
Conclusion: Multiparametric MRI with gadolinium enhancement and ADC assessment demonstrates high diagnostic accuracy for
specific benign parotid tumors, particularly pleomorphic adenoma and Warthin tumor, despite a moderate overall performance in
distinguishing benign from malignant lesions. These findings can guide surgeons in preoperative planning when specific benign entities

are suspected.
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1. Introduction

Salivary gland tumors are rare, accounting for
approximately 2 to 6.5% of all head and neck neoplasms and
0.5% of all malignant tumors [1,2]. The parotid gland is the
most common site, representing nearly 70% of all salivary
gland tumors, of which approximately 80% are benign [3,4].
Among benign tumors, pleomorphic adenoma is the most
frequent (approximately 65%), followed by Warthin tumor
(15 to 20%). Malignant tumors are less common, with
mucoepidermoid carcinoma being the most prevalent,
accounting for 10% of all salivary gland tumors and 30% of
malignant salivary neoplasms [1,5].

A reliable distinction between benign and malignant
parotid masses is crucial. However, clinical examination
alone is often insufficient for this differentiation. Clinical
signs remain nonspecific in the diagnosis of malignant
parotid tumors. The presence of facial paralysis may suggest
malignancy.

In addition, most parotid tumors, whether benign or
malignant, tend to grow slowly, which further limits the
diagnostic value of clinical assessment alone [1].
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Surgical treatment is the main therapeutic approach,
using techniques such as extracapsular dissection, partial
parotidectomy, or radical parotidectomy with sacrifice of the
facial nerve for malignant parotid tumors [2].

The diagnostic strategy is multimodal. Given that 80 to
90% of parotid tumors are located in the superficial lobe,
ultrasound is generally the first-line imaging test for their
diagnosis [2]. However, fine needle aspiration cytology
(FNAC) is not always conclusive, due to difficulties in
sampling and the high heterogeneity of parotid tumors [3].

According to some studies, FNAC detects malignancy in
72% to 84% of tumors [6]. Computed tomography (CT) scan
allows for preoperative staging, but its role in characterizing
parotid tumors remains limited [3].

Conventional MRI is widely used to evaluate various
pathologies of the parotid gland, highlighting their
morphological characteristics. Certain MRI signs, such as
T2 hypointense signals, poorly defined contours, diffuse
growth, infiltration of subcutaneous tissue, and the presence
of lymphadenopathy, are indicative of parotid malignancy
[6]. However, conventional MRI relies primarily on
morphological features, which can be misleading.
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Significant overlap exists between benign and
malignant tumors in terms of signal intensity, margins, and
enhancement  patterns, particularly for low-grade
malignancies that may mimic benign lesions [7]. This
morphological overlap limits the diagnostic confidence of
conventional MRI alone.

Advanced functional MRI techniques help overcome the
limitations of conventional imaging by providing additional
biological insight into tumor behavior. DWI with ADC
allows assessment of tissue cellularity and cell membrane
integrity. Malignant tumors, because of their high cellular
density, tend to restrict the movement of water molecules
and therefore demonstrate lower ADC values. In contrast,
benign lesions generally exhibit higher ADC values,
reflecting a more loosely organized cellular architecture
[2,8].

Numerous studies have sought to establish reliable MRI
criteria for distinguishing benign from malignant tumors and
for characterizing histological subtypes. The integration of
advanced techniques, including DWI with apparent ADC
measurement and DCE-MRI, has shown promise in
improving diagnostic accuracy [3,6]. Challenges remain due
to the variability in radiological presentations and the
overlap in characteristics among certain tumor entities.

Our study aims to illustrate the main MRI characteristics
of parotid tumors, focusing on signs that can help
differentiate them, and to correlate multiparametric MRI
features with histopathological findings to determine the
most reliable diagnostic criteria for clinical practice.

2. Materials and Methods

Study design and population

Our retrospective and analytical study was conducted
within the ENT, Head and Neck Surgery Department of
Farhat Hached University Hospital in Sousse. The study was
conducted over 12 years from 2011 to 2023, including 42
patients with clinically suspected parotid tumors. As this
was a retrospective study, we were reliant on existing
medical records, which may have resulted in incomplete
data for some variables. To minimize this limitation, only
patients with complete preoperative MRI data and
histopathological confirmation were included. The inclusion
criteria were the presence of a clinically palpable parotid
mass, the performance of a preoperative MRI, and
histopathological confirmation of the diagnosis. Exclusion
criteria were a history of prior parotid surgery, recurrent
parotid tumors, inflammatory or infectious parotid lesions
without histopathological confirmation of a neoplasm,
incomplete MRI protocol, and missing radiological or
histopathological ~ data.  Epidemiological,  clinical,
radiological, and histopathological data were collected from
the patients' medical records.

MRI Protocol

Standardized MRI protocols for evaluating parotid
tumors included TI1-weighted (T1W) and T2-weighted
(T2W) sequences in axial, coronal, and sagittal planes. Fat
suppression sequences (FAT SAT) were also used.
Intravenous gadolinium was administered for post-contrast
TIW sequences, allowing for the evaluation of tumor
enhancement. In addition, diffusion-weighted imaging
(DWI) sequences with ADC calculation and dynamic

contrast-enhanced imaging (DCE-MRI) sequences were
included in the protocol for further characterization of the
lesions.

All MRI examinations were performed at the same
institution (Sahloul University Hospital) using a consistent
departmental protocol for parotid tumor evaluation. While
minor adjustments to sequence parameters may have
occurred over the study period, the core sequences (T1, T2,
DWI with ADC, and DCE-MRI) and their diagnostic criteria
remained stable. Image quality was assessed by experienced
radiologists, and only examinations with adequate
diagnostic quality were included.

For DCE-MRI, time-signal intensity curves were
generated from regions of interest placed within the most
enhancing solid portions of the tumor. Based on established
criteria, these curves were classified into three types
according to their morphology:

eType A  (progressive enhancement): gradual,
continuous increase in signal intensity over time without
a washout phase. This pattern is typically associated with
paucicellular tumors such as pleomorphic adenoma.

e Type B (rapid enhancement with washout): fast initial
upslope followed by a rapid decrease in signal intensity
(washout). This pattern is characteristic of hypervascular
tumors such as Warthin tumor.

e Type C (rapid enhancement with plateau): fast initial
upslope followed by a plateau phase with no significant
washout. This pattern is often observed in malignant
tumors, including mucoepidermoid carcinoma 7,9.

Data Analysis

MRI interpretation was performed by the Radiology
Department at Sahloul University Hospital. The parameters
evaluated included location (superficial lobe, deep lobe, or
both), mass size, margin regularity (well-defined, irregular,
infiltrative), presence of a capsule (visualized as a low signal
on T1 and T2), homogeneity of signal on T1 and T2, and
type and intensity of enhancement after gadolinium injection
(homogeneous, heterogeneous, peripheral, weak, strong).
ADC values were measured by placing regions of interest
(ROIs) within the solid components of the tumors, avoiding
cystic or necrotic areas. For DCE-MRI, time-signal intensity
curves were classified into three types as previously
described.

The MRI results were correlated with the
histopathological results obtained after surgery. Statistical
analysis using SPSS software was performed to assess the
concordance between radiological and histological
diagnoses. Agreement was assessed using the kappa
coefficient, interpreted as follows: <0,20 poor, 0,21-0,40
fair, 0.41-0.60 moderate, 0.61-0.80 good, and 0.81-1.00
excellent agreement. The statistical significance of kappa
values was tested against the null hypothesis of kappa = 0
(no agreement beyond chance), with p- value < 0.05
considered significant. In addition, 95% confidence
intervals were calculated for all kappa estimates to provide
a measure of precision.

Given the rarity of parotid tumors, the small sample size
(n=42) and the low number of malignant tumors (n=5), non-
parametric tests were preferentially used to avoid
assumptions of normal distribution. Relevant MRI
parameters were compared between benign and malignant
tumors, as well as the various histological subtypes. The
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Mann-Whitney U test was used for comparison between two
groups, such as ADC values in benign versus malignant
tumors, while the Kruskal-Wallis test was used for
comparisons involving multiple histological subtypes. To
reduce the risk of type I error associated with multiple
comparisons, the Bonferroni correction was applied where
appropriate. For example, when comparing ADC values
across several histological subtypes, the significance
threshold for pairwise comparisons was adjusted to p <
0.016 (0.05/3).

The small sample size, particularly for malignant lesions
(n=5), is acknowledged as a limitation that may increase the
risk of type II error. All statistical tests were two-tailed, and
a p-value < 0.05 was considered statistically significant
unless otherwise specified for multiple comparisons.

3.Results

Epidemiological Data

Our study included 42 patients suspected of having
parotid tumors. The average age of patients was 44.6 years,
with a male predominance of 61.9% (n=26) and a sex ratio
of 1.6.

Clinical examination

The average size of the masses was 35 mm [10 to 80
mm)]. Tenderness was noted in 7 patients (16.6%). The mass
was found to be fixed in 4 patients (9.5%). In terms of
consistency, the majority of tumors were firm (35 cases,
83.3%), while only one case (2.3%) was soft, and 4 cases
(9.5%) were hard. Infiltration of the subcutaneous tissues
was observed in 7 cases (16.6%). Peripheral facial paralysis
was observed in 4 patients (9.5%). Cervical
lymphadenopathy was present in 8 cases (19%).

MRI results

In our study, the location of the mass was predominantly
unilateral, with 21 cases on the right side and 19 on the left
side. In terms of anatomical distribution, 14 tumors were
located in the superficial lobe, 12 in the deep and superficial
lobe, and 2 in the deep lobe. The mean tumor size on MRI
was 38 mm. A capsule, visualized as a low signal on T1 and
T2, was observed in 19 cases (45.2%). Among these cases,
there were 12 cases of pleomorphic adenomas (63.1%)
(Figure 1), three cases of Warthin tumors (15.79%), one case
of cystic lymphangioma (5.26%), one case of retention cyst
(5.26%), one case of mucoepidermoid carcinoma (5.26%),
and one case of acinic cell carcinoma (5.26%) (Figure 2).

04:03:39

Fig 1. Axial T1 (A) and T2 (B) images: rounded encapsulated mass in the left parotid gland (star), (capsule with low signal intensity on
T1 and T2), with heterogeneous signal intensity, hypointense on T1 and hyperintense on T2 (pleomorphic adenoma).

Fig 2. Axial T1 FAT SAT GADO (A) and coronal T2 FAT SAT (B) images: lesion of the lower pole of the left parotid gland (arrow),
with irregular contours, T2 hypersignal, intensely and homogeneously enhanced by PDC (acinar cell carcinoma).
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Hyperintensity on T2-weighted images was observed in
97.6% of cases, with 88% being malignant and 12% benign.
Only one case (2.4%), a Warthin tumor, showed
hypointensity on T2WI. Hyperintensity on T2WI correlated
with tumor benignity. Nevertheless, T2WI hypointensity
does not predict tumor benignity or malignancy. Regarding
the signal on TIWI, 6 cases (14.2%) showed areas of
hypersignal (5 Warthin tumors, 1 lipoma), with the
remaining cases showing a hyposignal on T1WI. The signal

was homogeneous in 7 cases (16.67%): 3 pleomorphic
adenomas, 1 Warthin tumor, 1 lipoma, 1 retention cyst, and
1 lymphoepithelial cyst. It was heterogeneous in 34 cases,
all of which were found to be malignant. After gadolinium
administration, 93% of cases showed strong enhancement,
including 2 cases of pleomorphic adenoma with peripheral
enhancement (Figure 3). Only 7% of cases showed weak
enhancement (1 lymphoepithelial cyst, 1 retention cyst, and
1 lipoma) (Figure 4).
. - 5
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Fig 3. Coronal T1 WI (A) and T2 FAT SAT (B) images: well-defined mass (arrow) with polylobed contours in the superficial lobe of
the right parotid gland, showing low signal intensity on T1 and clear, homogeneous high signal intensity on T2: pleomorphic adenoma.

Fig 4. Axial T1 (A) and T1 FAT SAT GADO (B) images: encapsulated mass in the superficial lobe of the right parotid gland (star), with
spontaneous homogeneous T1 hypersignal, suppressed on fat saturation sequences (parotid lipoma).

The ADC and DCE-MRI sequences were evaluated. For
pleomorphic adenoma (Figure 5), we observed a bright
signal on DWI with an ADC value of 1.56 and a type A
enhancement curve. For Warthin tumor (Figure 6), a bright
signal was observed on DWI with an ADC of 0.89 and a type

B enhancement curve. For mucoepidermoid carcinoma
(Figure 7), a bright DWI signal was observed with an ADC
of 1.15 and a type C enhancement curve. ADC values of
malignant tumors were significantly lower than those of
benign tumors (p < 0.05).

Fig 5. T1 FAT SAT GADO axial images (A) and diffusion (B): left parotid lesion (arrow) intensely enhanced by gadolinium, hypersignal
on diffusion sequence (ADC = 1.56). The dynamic enhancement curve (C) is type A (pleomorphic adenoma).
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Fig 6. T1 FAT SAT GADO axial images (A) and diffusion (B): right parotid lesion (arrow), intensely and heterogeneously enhanced by
gadolinium, with hypersignal on the diffusion sequence (ADC=0.89). The dynamic enhancement curve (C) is type B (Warthin tumor:

cystadenolymphoma).

Fig 7: Axial T1 FAT SAT GADO (A) and diffusion (B) images: right parotid tumor (arrow), with irregular contours invading the
parapharyngeal space, showing heterogeneous T2 hypersignal intensity, with intense and heterogeneous enhancement by gadolinium.
ADC cartography of the tumor shows increased diffusion (ADC = 1.15). The dynamic enhancement curve (C) is type C (mucoepidermoid

carcinoma).

Partial parotidectomy was performed in 24 cases, total
parotidectomy in 10 cases, subtotal parotidectomy in 6
cases, and medical treatment in 2 cases.

The histological results of our study revealed a
predominance of benign tumors (Table 1), accounting for
73.8% of cases (n=31), while malignant tumors (Table 2)
accounted for 12% of cases (n=5). Pseudotumors accounted
for 14.2% of cases (n=6).

The concordance between MRI findings and histological
diagnoses was evaluated (Table 3). We found only moderate

agreement between MRI and histological diagnosis for
distinguishing benign from malignant tumors (kappa = 0.58;
95% CI: 0.41-0.75; p < 0.005).

However, significant concordance was observed
between MRI findings and histological findings for the
diagnosis of pleomorphic adenoma versus other tumors
(kappa = 0.85; 95% CI: 0.72-0.94; p < 0.005). Similarly,
concordance was significant for the diagnosis of Warthin
tumors versus other tumors (kappa = 0.91; 95% CI: 0.80—
0.98; p < 0.005).

Table 1: Histological distribution of benign parotid tumors.

Histological type Number of cases Percentage (%)
Benign tumors 31 73.8
Pleomorphic Adenoma 18 214
Warthin Tumor 9 4.2
Lipoma 1 23
Hemangioma 1 23
Cystic Lymphangioma 1 23

Basal Cell Adenoma 1 2.3

Table 2: Histological distribution of malignant parotid tumors.

Histological type Number of cases Percentage (%)
Malignant tumors 5 12
Mucoepidermoid carcinoma 1 2.3
Acinic Cell Carcinoma 1 2.3
Cylindroma 1 2.3
Squamous Cell Carcinoma 1 2.3
Myoepithelial carcinoma 1 2.3
Pseudotumors 6 14.2
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Table 3: Concordance between MRI and histopathological findings.

Diagnosis

Kappa value Statistical significance

Benign tumors vs malignant
Pleomorphic adenoma vs other tumors
Warthin tumor vs other tumors

0.58 ;95% CI: 0.41-0.75; p < 0.005
0.85; 95% CI: 0.72-0.94; p < 0.005
0.91 ; 95% CI: 0.80-0.98; p < 0.005

Moderate agreement
Excellent agreement
Excellent agreement

4. Discussion

Salivary gland tumors are rare, accounting for
approximately 3% of all head and neck neoplasms, with the
parotid gland being the most common site [8,10]. The risk
of malignancy is inversely proportional to the size of the
gland: tumors of the sublingual glands and minor salivary
glands are more likely to be malignant, while those of the
parotid gland are most often benign [10].

Parotid gland tumors exhibit a wide range of
histopathological diversity, making their management
complex [11,12]. According to the 2017 WHO classification
of head and neck tumors, malignant tumors of the salivary
glands are classified into 22 different types [7]. Clinical
signs are often nonspecific. Some benign tumors may recur
or become malignant, while some low-grade malignant
tumors may clinically mimic benign lesions. Imaging,
particularly MRI and CT, plays an essential role in locating

the lesion, assessing its size, and guiding the therapeutic
strategy [11]. MRI is the imaging modality of choice for
evaluating salivary gland tumors [4]. However, due to their
rarity and extreme histological/morphological diversity, it
remains difficult for radiologists to establish a correct
preoperative diagnosis of individual histological subtypes
[7].

Our epidemiological data, with a mean age of 44.6 years
and a sex ratio of 1.6, are compared with those in the
literature, where variability in mean age and sex ratio is
observed [6,12—14]. This variation could be attributed to
geographical and demographic differences or to patient
selection criteria (Table 4). The male predominance
observed in our study is noteworthy, although the literature
presents varied results in this regard.

Table 4. Comparison of epidemiological data with the literature.

Authors N Mean age (years) Sex ratio
Soylemez and Atalay (2021) 42 514 0.75
Elmokadem et al. (2019) 52 51 1.36
Zheng et al. (2018) 45 62.3 1.5
Tao et al. (2017) 148 52 1.42
Our study 42 44.6 1.6

The cliniThe characteristics of the masses, such as
average size and consistency, are consistent with the
observations of Fassih et al., who found a firm mass in
54.6% of cases and a soft mass in 8% of cases [15].

Infiltration of subcutaneous tissue was observed in 7
cases (16.6%). Yuan et al. reported infiltration of adjacent
tissue in 21.6% of malignant tumors compared to 1.9% of
benign tumors, with a 15-fold increase in the risk of
malignancy when adjacent structures were affected [16].
Facial nerve paralysis was observed in 9.5% of our patients.
Inaka et al. reported facial paralysis in 18% of cases,
exclusively in cases of malignant tumors [17]. Regarding
cervical lymphadenopathy, our study showed an incidence
of 19%, while Soylemez and Atalay found 11.1%. They
emphasized that the presence of lymphadenopathy was
significantly associated with malignant lesions [13]. These
clinical signs, while suggestive of malignancy in some
cases, lacked sufficient sensitivity and specificity to be used
alone, reinforcing the need for advanced imaging.

MRI is recognized for its ability to precisely locate
parotid tumors and assess their extent. Our results confirm
this ability. The distinction between superficial and deep
lobe tumors, as well as bilateral involvement, is a key
element in guiding diagnosis and therapeutic management.
Although deep lobe involvement is traditionally considered
a sign of a malignant tumor, certain inflammatory conditions
and benign tumors, such as Warthin tumor, can also affect
the deep lobe [13,14].

As for tumor size, our study, as reported by Soyelemez
and Atalay, found no significant correlation between size

and benignity, suggesting that size alone is not a reliable
discriminating criterion [13].

On the other hand, margin morphology proved to be
more informative. Kim et al. emphasized that the presence
of poorly defined and/or infiltrating margins versus well-
defined margins on MRI images is very useful in
differentiating a high-grade malignant tumor from a low-
grade malignant tumor or a benign tumor [1]. A clear
margin is generally suggestive of a benign tumor, but some
malignant tumors can mimic this appearance [14]. Soylemez
and Atalay reported that 22.2% of lesions had poorly defined
margins and demonstrated that this morphological criterion
was significantly associated with malignant tumors [13].

The detection of a capsule, often associated with
pleomorphic adenomas, is another important criterion, as
shown by our results and those reported in the literature
[7,18].

In our study, a capsule was observed in 66.67% of
pleomorphic adenoma cases, consistent with the literature,
but was also present in one case of mucoepidermoid
carcinoma and one case of acinic cell carcinoma,
highlighting that this feature, while suggestive, is not
pathognomonic.

Signal analysis and gadolinium enhancement also
provided valuable information. Dynamic MRI with
gadolinium injection can help differentiate benign from
malignant tumors of the parotid gland [8,18]. Malignant
tumors show more marked hypointense signals on T2-WI
than benign tumors, while a hyperintense signal on T2-WI
tends to indicate a benign lesion [5,14,19]. Our results
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partially align with these observations; T2 hyperintensity
was observed in 97.6% of cases, with 88% of these cases
being benign. However, the single case of T2 hypointensity
was a Warthin tumor, a benign entity, underscoring the
overlap that limits the diagnostic utility of T2 signal alone.

Contrast enhancement, although strong in most cases,
did not reliably distinguish benign from malignant tumors in
our study, which was consistent with the findings of other
studies in the literature [5,13]. However, the type of
enhancement (homogeneous, heterogeneous, or peripheral)
can point to certain diagnoses, such as the peripheral
enhancement of pleomorphic adenomas.

The integration of DWI and DCE-MRI sequences
represents a significant advance. Conventional MRI, even
with injection, has limitations in differentiating benign
parotid tumors from low-grade malignant tumors.

DWI MRI, by measuring the movement of water
molecules, provides a more detailed assessment of tissue
structure and activity, which can improve tumor
characterization [8]. The low density of cellular components
and increased interstitial space generate high diffusion with
high ADC values (benign lesions) [2,20,21]. Our results, in
agreement with Stoia et al., show that the ADC values of
malignant tumors [0.91-1.2] are significantly lower than
those of benign tumors [1.04—1.8] (except for pleomorphic
adenoma [1.2-2.2] and Warthin tumor [0.72—1.2]) [2].

In addition, ADC measurements and characteristic
dynamic enhancement patterns have shown value in
suggesting specific histological subtypes. In particular, Type
A curves are typically associated with pleomorphic
adenoma, Type B curves with Warthin tumor, and Type C
curves with mucoepidermoid carcinoma [3].

The single case of mucoepidermoid carcinoma in our
study demonstrated a Type C curve, consistent with the
pattern described for malignant tumors. However, given the
small number of malignant cases, we cannot draw definitive
conclusions about the reliability of this pattern for
malignancy detection.

A meta-analysis by Li et al. confirmed significantly
lower ADC values in malignant tumors but emphasized the
need for standardized acquisition protocols and threshold
values [11]. Similarly, Kato et al. highlighted the utility of
combining ADC with DCE-MRI parameters to improve
diagnostic accuracy [8].

These multiparametric techniques improve the ability of
MRI to differentiate parotid tumors and predict their
histological nature.

The therapeutic approaches to parotid tumors are mainly
surgical, with variations depending on the benign or
malignant nature of the lesion.

For example, in the case of a pleomorphic adenoma,
surgery is generally indicated due to the significant risk of
malignant transformation [4,7]. This risk is estimated at
approximately 25% [4]. On the other hand, Warthin tumor,
which rarely undergoes malignant transformation, does not
always require surgical treatment. In this case, therapeutic
abstention may be preferred to avoid the risk of facial nerve
damage associated with the procedure 7. In our series, the
excellent concordance for Warthin tumor (kappa = 0.91)
suggests that MRI can reliably identify this entity,
potentially sparing patients unnecessary surgery.

For malignant tumors, accurate preoperative
characterization remains challenging. In our study, the
moderate agreement (kappa = 0.58) for benign-malignant

differentiation reflects this difficulty. However, MRI still
provides crucial information for surgical planning in
suspected malignancies, including depth of invasion, facial
nerve involvement, and nodal status. This information
directly influences the decision between partial and total
parotidectomy and the need for neck dissection.

It is important to note that in our series, MRI served as a
complementary tool to clinical assessment and FNAC,
helping to refine the surgical approach and preoperative
discussion with patients regarding expected outcomes and
potential complications.

Despite the modest size of our study, excellent
concordance was demonstrated between MRI findings and
histopathological  findings for specific diagnoses,
particularly pleomorphic adenoma (kappa = 0.85) and
Warthin tumor (kappa = 0.91), highlighting the diagnostic
value of MRI for these entities. All patients in our study
underwent a particularly complete MRI protocol,
incorporating not only conventional sequences, but also
diffusion techniques (DWI) with ADC calculation and
dynamic gadolinium-enhanced MRI.

However, our study has several limitations. First, the
relatively small size of our study (n=42), and particularly the
low number of malignant tumors (n=5, 11.9%), limits the
statistical power of our analysis. A study with a larger
sample size and a more balanced distribution of histological
types would be necessary to confirm our observations.
Second, the retrospective nature of the study introduces
potential selection and data collection biases. Despite strict
inclusion criteria, we cannot exclude the possibility that
some patients with incomplete data or atypical presentations
were excluded. Third, the 12-year study period introduces
potential technical variability due to MRI scanner upgrades,
software updates, and minor protocol adjustments over time.
While all examinations were performed at the same
institution using a consistent departmental protocol, and
image quality was verified by experienced radiologists,
subtle differences in image acquisition may have influenced
quantitative parameters such as ADC values or dynamic
curve morphology. Fourth, interobserver variability was not
systematically assessed in this study. Although MRI
interpretation was performed by experienced radiologists,
the lack of formal interobserver agreement analysis limits
our understanding of the reproducibility of the reported
findings. Finally, a critical aspect of diagnostic test
evaluation is the false-positive and false-negative MRI
interpretations. A capsule, typically found in pleomorphic
adenoma, was observed in one case of mucoepidermoid
carcinoma and one case of acinic cell carcinoma.
Conversely, a Warthin tumor with atypical features,
including heterogeneous signal and irregular margins, was
initially misinterpreted as malignant, representing a false-
positive case. The low ADC value of Warthin tumor
overlaps with the malignant range, contributing to
diagnostic uncertainty in some cases. These discordant cases
highlight the limitations of MRI and underscore the
continued need for histopathological confirmation. They
also emphasize the importance of a multiparametric
approach, as reliance on any single feature, whether a

capsule, ADC value, or enhancement pattern, risks
misdiagnosis.
Larger, prospective multicenter studies  with

standardized imaging protocols are needed to validate the
diagnostic performance of multiparametric MRI for parotid
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tumors. Such studies should aim to include sufficient
numbers of malignant tumors to allow meaningful subgroup
analysis and to establish reliable ADC thresholds for
different histological types.

5. Conclusion

Despite these limitations, our results highlight the
importance of multiparametric MRI in the preoperative
diagnosis of parotid tumors. Multiparametric MRI provides
excellent diagnostic accuracy for pleomorphic adenoma and
Warthin tumor, aiding preoperative planning for these
common benign entities. However, its overall performance
in distinguishing benign from malignant parotid tumors is
only moderate (kappa = 0.58), and the small number of
malignant cases in our series limits conclusions about
malignancy detection. Histopathological confirmation,
therefore, remains essential, particularly when MRI features
are atypical or suggest malignancy. Larger studies are
needed to further define the role of MRI in the diagnostic
algorithm for parotid tumors.
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