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Quantitative evaluation of parotid gland
dysfunction in patients with hyposalivation
using magnetic resonance imaging mapping
technique

Quantification of Parotid gland function using MRI
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Abstract

Objective This study aimed to assess the feasibility of quantitative magnetic resonance imaging (MRI) employing
the multi-dynamic multi-echo (MDME) technique as a diagnostic modality for evaluating glandular dysfunction in
patients with hyposalivation.

Methods The MDME technique generated T1, T2, and proton density (PD) maps of the parotid gland, allowing for the
simultaneous acquisition of values from the respective mappings. The Mann-Whitney U-test was used to compare
the hyposalivation and control groups, and receiver operating characteristic (ROC) curve analysis was performed.

Results A total of 71 patients who underwent MDME MRI were reviewed and categorized into hyposalivation
patients (n=32) and healthy controls (n=25). The average T1, T2 and PD value of the gland in the hyposalivation
group were 606.92 ms, 91.85 ms, and 82.52 pu, respectively, whereas those in the control group were 628.08 ms, 80.69
ms, and 91.12 pu, respectively. The T2 and PD values were significantly different between the hyposalivation and
control groups. The cut-off T2 value was 85.75 ms (AUC=0.8131, p <0.0001) and the cut-off PD value was 81.55 pu
(AUC=0.7588, p=0.0009).

Conclusions T2 and PD values derived from the MDME technique demonstrated strong potential for detecting
parotid gland dysfunction in hyposalivation patients. These findings suggest that MDME-based quantitative MRI
mapping shows promise in evaluating hyposalivation of the parotid gland and could become a valuable diagnostic
tool in clinical settings.
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Introduction

Saliva is essential for oral and systemic health, consisting
mainly of water (~99%) along with electrolytes, proteins,
enzymes, and antimicrobial agents. It facilitates lubrica-
tion, digestion, pH buffering, antimicrobial defense, and
enamel remineralization. Salivary dysfunctions primarily
include hyposalivation and xerostomia [1, 2]. Hyposali-
vation is an objectively measured decrease in saliva pro-
duction, often caused by medications, systemic diseases
(e.g., Sjogren’s syndrome), radiation therapy, or aging [2].
Xerostomia, in contrast, is the subjective sensation of dry
mouth, which can occur even with normal salivary flow.
Management includes saliva substitutes, sialagogues,
hydration, and behavioral interventions [2]. A clear
understanding of saliva and its dysfunctions is essential
for effective diagnosis and treatment.

Currently, hyposalivation can be diagnosed in clinics
using the passive drool test [3]. During the test, saliva is
collected from the patient for a certain period by stim-
ulating its flow using gum or candy. Hyposalivation can
be diagnosed when the unstimulated salivary flow rate is
<0.1 mL/min or the stimulated salivary flow rate is <0.5—
0.7 mL/min [1]. This passive saliva drool test is currently
the gold standard for detecting a reduction in salivary
flow [4]. Lofgren et al. emphasized the importance of
functional assessment and the need for accurate diagnos-
tic tools for hyposalivation to effectively identify patients
requiring treatment for dryness [5].

Salivary gland scintigraphy using technetium-99 m
pertechnetate is a clinically widely used functional imag-
ing modality for assessing gland, however, it dose not
show anatomical information. As magentic resonance
imagings (MRI) offers an advantage in providing func-
tional information collaborated with anatomical details,
researchers are exploring optimal MRI sequences for
evaluating salivary gland [6-11]. Diffusion-weighted
imaging (DWI) has frequently been studied for the quan-
titative evaluation of salivary gland function. DWI is a
technique that measures the movement of water mol-
ecules within tissues. When water molecules diffuse
actively, the signal is lower, resulting in darker images,
while restricted water diffusion leads to brighter images.
These variations in diffusion can be quantified and pre-
sented as apparent diffusion coefficient (ADC) values
through mathematical formulas. According to previous
studies, ADC values have been found to correlate signifi-
cantly with the level of salivary flow within the salivary
glands, making DWI a valuable tool for assessing salivary
gland function, particularly in patients with gland dys-
function [6, 7, 9-12]. However, due to the low resolua-
tion of DWI, location of precise region of the gland may
not possible [13]. Another approach uses fat fraction
measurements in the salivary gland to evaluate its func-
tion, as the gland undergoes fatty degeneration when its
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function declines. However, studies highlight the limi-
tation of this technique, as the fat fraction in the gland
can vary according to factors such as age and body mass
index, even in non-dysfunctional glands [8, 14]. Overall,
an additional imaging technique is required to present
a strong correlation with the functional aspects of the
gland [8].

Quantification of MRI parameters, including T1, T2,
and proton density (PD), provides tissue-specific values
that reflect the intrinsic characteristics of tissue proper-
ties under a magnetic field. These values have been used
in the diagnosis of various diseases, such as liver cirrhosis
and Alzheimer’s disease [15-17]. Additionally, as dem-
onstrated by Zhou et al. [18] and Vidmar et al. [19], T2
mapping has shown potential in assessing parotid gland
function following radiotherapy for head and neck can-
cers, suggesting its applicability to salivary glands. How-
ever, the application of these techniques to salivary gland
evaluation has been limited due to the lengthy acquisi-
tion times required for traditional mapping methods.
Moreover, acquiring T1 and PD maps is even more chal-
lenging than T2 mapping because of the significantly
longer imaging times, which has hindered their research
and application. The recent development of the multi-
dynamic multi-echo (MDME) sequence has addressed
these limitations, enabling the simultaneous acquisition
of T1, T2, and PD maps in approximately half the time
required by conventional methods. This method gener-
ates various contrast images by manipulating multiple
scanning parameters during a single acquisition [20].

Therefore, This study aimed to assess the feasibility of
quantitative MRI employing the MDME technique as a
diagnostic modality for evaluating glandular dysfunction
in patients with hyposalivation.

Materials and methods

Selection of participants

This study utilized a retrospective design with a conve-
nience sample, including patients who underwent MRI
in dental hospital between July 2020 and December 2022,
and only images obtained using the MDME method were
included. Patients with orofacial pain conditions, such as
temporomandibular joint disease, trigeminal neuralgia,
or Sjogren’s syndrome, underwent imaging examinations
following the hospital’s imaging protocol. The clinical
records of patients were thoroughly reviewed. Patients
who underwent an initial assessment for subjective oral
dryness through a questionnaire were included. Patients
who reported symptoms of dryness and had a whole
saliva flow rate of less than 0.7 mL/min were classified
into the hyposalivation group. Those who did not report
dryness were categorized as the control group [1, 5].
Patients with salivary gland disorders, including tumors,
those taking medications that affect gland function, or
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those who had undergone head and neck radiotherapy
were excluded. MRI with artifacts or incomplete cover-
age of the gland structure were excluded.

Ethics approval and consent to participate

This study was conducted in accordance with the ethi-
cal standards outlined in the Declaration of Helsinki and
relevant national regulations. The study protocol was
reviewed and approved by the Institutional Review Board
(IRB) of Yonsei University Dental Hospital (Approval
Number: 2-2021-0058). Given the retrospective nature
of the study and the use of anonymized data, the IRB
waived the requirement for obtaining informed consent
to participate. No identifiable patient data were included
in the analysis or presentation of this study.

Image acquisition and analysis

The MRI scans were performed using a 3.0-T scanner
(Pioneer; GE Healthcare, Waukesha, WI, USA) with a
large Flex coil. T1 and T2 relaxation times and PD val-
ues were obtained using the multivariate empirical mode
decomposition method in the axial orientation, with the
following imaging parameters for synthetic reconstruc-
tion: repetition time (TR), 4000 ms; echo time (TE), 21.3
and 85.2 ms; four different inversion times (TIs), 211, 611,
1811, and 3811 ms; field of view (FOV), 210x 210 mm;
acquisition matrix, 300 x 200; reconstructed voxel size,
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0.7x 1.0 mm; slice thickness, 2.5 mm; and echo train
length, 12. The image acquisition time was 6 min and
40s.

The overall image analysis was conducted by two oral
and maxillofacial radiologists, each with over 10 years
of experience. Measurement calibration was performed
using two samples before the measurements, and during
the experiment, they discussed each step until a consen-
sus was reached. The axial slice displaying the largest area
of both parotid glands was selected, following the meth-
odology of previous studies [8, 21]. To include parenchy-
mal tissue without intra-parotid lymph nodes or vessels,
square-shaped regions-of-interest (ROI) with a size of
0.1 cm? were placed on the deep, middle, and superfi-
cial parenchyma of the gland on the master quantitative
map (Fig. 1A). The console then displayed the same ROI
on the T1, T2, and PD maps. For each map, the corre-
sponding T1, T2, and PD values were extracted from
the defined ROI (Fig. 1B). These values were obtained by
measuring the T1 and T2 relaxation times in millisec-
onds (ms) and PD value in percentage units (pu) within
the selected region. The values from the six ROIs of each
individual map (T1, T2, and PD) were then averaged for
further analysis, based on a previous study that found no
significant difference between the right and left parotid
glands [8, 14, 22].

ROI drawn on master
quantitative map

>

Quantitative map
generation

the same ROI

2

Value extraction from >

—>  T1 value (ms)

T2 value (ms)

PD value (pu)

Fig. 1 (A) Schematic view of the region-of-interest (ROI) selection on a quantitative map using the multi-dynamic multi-echo technique. ROIs of 0.1 cm?
with a square shape were established on the master quantitative map. (B) The T1 and T2 and proton density (PD) values were extracted simultaneously
from each ROl and the average value was used for analysis. (ms, miliseconds; pu, percentage units)
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Patient with multi-dynamic multi-echo MRI
between July 2020 and December 2022
(n=71)

Oral dryness

+ 7 patients excluded due to:

— 6 whole saliva flow > 0.7mL/min [ —
— 1 test result was not recorded

+ 7 patients excluded due to:

—| — 6 image not fully covering gland
— 1 medication causing salivary gland
dysfunction

Hyposalivation group
(n=32)

Control group
(n=25)

Fig. 2 Flowchart showing patient selection and screening process. MRI, magnetic resonance imaging

Table 1 Patient information of overall study subjects

Hyposalivation Control
Age (Mean £ SD) 60.93 £1048 3460+ 17.57
Sex Male (n) 4 8
Female (n) 28 17

Abbreviation: SD, standard deviation

Statistical analysis

The T1, T2, and PD values of the hyposalivation group
were compared with those of the control group. Shap-
iro-Wilk normality tests were performed, and since the
normality assumption was not satisfied, the Mann—Whit-
ney U test was used for comparison, with a confidence
interval of 95%. A p-value of <0.05 was considered sta-
tistically significant. Receiver operating characteristic
(ROC) analysis was conducted for variables that showed
significant differences between the two groups. Diagnos-
tic cut-off values were determined using Youden’s index.
Comparisons between Area under the curve (AUC) was
conducted using the method suggested by Hanley and
McNeil [23]. Statistical analyses were performed using
GraphPad Prism version 9.5.1 for Windows (GraphPad
Software, San Diego, CA, USA).

Results

Thirty-two patients with hyposalivation and 25 controls
were included in this study (Fig. 2). The average age of
patients included in the study was 49.39+19.16 years
with a male to female ratio of 1:3.75 (male, 12; female,
45). The patient information of each group, hyposaliva-
tion and control was described in Table 1.

The average T1, T2 and PD value of the gland in
hyposalivation group were 606.92 ms, 91.85 ms, and
82.52 pu, respectively. The average T1, T2 and PD value
of the control group were 628.08 ms, 80.69 ms, and 91.12
pu, respectively (Fig. 3). The T2 and PD values were sig-
nificantly different between the hyposalivation and con-
trol groups, whereas there was no significant difference
in T1 value between the two groups. The cut-off value
was 85.75 ms (AUC=0.8131, p<0.0001) for T2 map and
81.55 pu (AUC=0.7588, p=0.0009) for PD map (Fig. 4).
Number of true positive, true negative, false positive,
false negative, sensitivity, specificity, and AUC of T2 and
PD value were described in Table 2. The PD map demon-
strated higher specificity, but lower sensitivity compared
to the T2 map. The diagnostic performances of T2 and
PD maps were similar (p=0.5301).
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Fig. 3 Comparison between patients with hyposalivation and control participants with respect to the T1 and T2 and proton density (PD) values. *Mann—
Whitney U-test, 95% confidence interval. (ms, miliseconds; pu, percentage units)
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Fig. 4 Receiver operating characteristic curve of T2 and proton density (PD) values for diagnosis of hyposalivation gland

Table 2 Comparitive analysis of the diagnostic performance of T2 and PD values

True True False False Cut-off Sensitiv- Specific- Area Standard 95% confidence p-val-
positive nega- postive negative value ity (%) ity (%) under the error interval ue'
(n) tive(n) (n) (n) curve
T2 value 24 20 5 8 85.75 ms 71.88 80.00 0.8131 0.0593 0.6968-0.9295 0.5301
PD value 17 21 4 15 81.55 pu 56.25 84.00 0.7588 0.0629 0.6355-0.8820

Abbreviation: PD, proton density
IComparisons between area under the curve (AUC) was conducted using the method suggested by Hanley and McNeil [23]
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Discussion

This study demonstrated that quantitative MRI map-
ping, particularly the MDME technique, has potential as
a diagnostic tool for evaluating parotid gland dysfunction
in patients with hyposalivation. Specifically, T2 and PD
values showed significant differences between hyposali-
vation patients and healthy controls, with T2 demon-
strating “good” diagnostic performance and PD showing
“fair” performance [24]. Both metrics were more effective
for ruling out hyposalivation, given their higher specific-
ity compared to sensitivity.

Quantitative MRI parameters, such as T1 and T2
relaxation time values, reflect intrinsic tissue character-
istics and have been extensively studied for their biologi-
cal significance in various organs. In this study, the T2
map emerged as a particularly useful diagnostic model
for assessing gland function in hyposalivation patients.
Another study on radiation-induced hyposalivation
using T2 mapping showed that T2 values significantly
increased continuously from pretreatment to mid- and
post-radiation therapy [18]. Also, the previous literatures,
T2 value have been used to diagnose malignant tumors,
along with blood oxygen levels and iron quantification
[25-27]. Studies suggested that functional impairment in
the salivary glands with ongoing parenchymal degenera-
tion and congestion manifests as a T2 value difference.

The PD value, which reflects free water contrast [15],
was also shown to be lower in dysfunctional glands,
aligning with the understanding of impaired salivary
gland function. Meanwhile, T1 values did not show a sig-
nificant difference between patients and healthy controls.
Previous research suggested that T1 values may vary
depending on the stage of tissue fibrosis or dysfunction
[28]. For example, T1 increased in acute disease stages
and decreased in chronic conditions [29]. In this study,
the wide range of T1 values in hyposalivation patients
may be attributed to the inclusion of individuals with
varying stages of gland dysfunction, without strict dis-
ease stage control.

In terms of diagnostic potential, both T2 and PD maps
were more effective for ruling out hyposalivation due to
their higher specificity compared to sensitivity. Notably,
while the T2 map demonstrated higher overall diagnos-
tic accuracy, the PD map exhibited greater specificity
than the T2 map. This suggested that the PD map may
be particularly useful in correctly identifying individuals
without the condition, thereby reducing false positives.
Moreover, this imaging approach showed the potential to
play a crucial role in distinguishing between xerostomia,
a subjective symptom of dry mouth, and hyposalivation,
which reflects an actual glandular functional impair-
ment. Since gland dysfunction can manifest in varying
degrees, the ability to differentiate between these con-
ditions is clinically significant. By providing objective
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measurements of gland function, these imaging tech-
niques could enhance diagnostic precision and improve
patient management in cases where subjective symptoms
alone may not accurately reflect glandular health.

Other studies using MRI techniques like DWT and fat
fraction quantification provided mixed results for evalu-
ating salivary gland function [6, 8, 14, 30, 31]. While DW1I
can reflect functional changes, its clinical accuracy could
be limited due to challenges in identifying reliable ROls,
especially in the parotid gland, which is prone to air
artifacts [7, 30, 32, 33]. By contrast, the MDME method
used in this study provided higher resolution MRI maps,
enabling more accurate ROI placement and better diag-
nostic performance [34].

Fat fraction quantification has also been explored for
evaluating salivary gland dysfunction [8, 14, 31, 35]. Some
studies reported good diagnostic performance, with AUC
values similar to our findings [36]. However, measur-
ing the fat fraction would be considered a more indirect
approach, as it reflects the degenerative changes in the
tissue caused by gland dysfunction rather than directly
assessing the dysfunction itself [8, 14, 35]. Therefore, fat
fraction diganostic techgniue presetned some limitation
especially for patient’s weight or age factor might signifi-
cantly affect gland fat fraction [31, 33].

This study is the first to apply the MDME technique
to the diagnosis of hyposalivation, demonstrating its
potential as a promising tool for assessing gland func-
tion through T1, T2, and PD maps. The technique offers
a non-invasive alternative to conventional diagnostic
methods, enabling targeted evaluation of specific salivary
glands and reducing patient burden compared to salivary
flow rate tests. Additionally, it provides a less invasive
option than procedures like salivary gland biopsy.

However, the study had several limitations. The
relatively small sample size from a single institution
restricted the generalizability of the findings. Due to the
small sample size and the retrospective nature of the
study, it was not possible to analyze hyposalivation based
on its underlying causes. Additionally, the normal and
hyposalivation groups were not analyzed with equal sam-
ple sizes or matched for age and sex distribution. Recent
previous research reported that the MDME method is
reliable, which supports the credibility of our study [20].
However, while prior study was conducted using phan-
tom, our study applied the technique to actual patients,
highlighting a key difference. Therefore, future multi-
center studies comparing imaging data obtained from
different MRI systems are required to provide stronger
evidence for the clinical reliability of this technique. In
addition, further prospective studies comparing flow rate
measurements of individual salivary glands with cor-
responding imaging values could enhance the reliability
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and accuracy of the diagnostic approach, further validat-
ing the technique’s clinical utility.

In conclusion, T2 relaxation time and PD values
derived from the MDME technique demonstrated
strong potential for detecting parotid gland dysfunction
in hyposalivation patients. These findings suggest that
MDME-based quantitative MRI mapping could become
a valuable diagnostic tool in clinical settings. Further
studies with larger and more diverse populations are war-
ranted to validate and refine these results.

Abbreviations

MRI Magnetic resonance imaging
MDME  Multi-dynamic multi-echo
DWI Diffusion-weighted imaging
ADC Apparent diffusion coefficient
PD Proton density

ROI Regions-of-interest

TR Repetition time

TE Echo time

AUC Area under the curve
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