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Objective: To investigate the effect of age, gender and

laterality on the intravoxel incoherent motion (IVIM) MR

imaging measurements of parotid glands in healthy

participants at 3.0-T MRI.

Methods: A total of 108 healthy participants were pro-

spectively recruited. IVIM MRI scan was performed using

a 3.0-T MR scanner, and corresponding parameters

(perfusion fraction, f; pseudodiffusion coefficient, D*; tissue

diffusivity, D) were derived from biexponential fitting of

IVIM data. Pearson correlation analysis was performed to

determine the association between the IVIM MRI parame-

ters and age. The parameter difference between male and

female participants or between left and right parotid glands

was compared using unpaired or paired t test, respectively.

Results: Excellent interreader and intrareader agreements

on the measurements of IVIM MRI parameters were

achieved. Both D and f values correlated inversely with

the age in both left and right parotid glands (p,0.05)

while D* value did not (p.0.05). Male participants had

higher IVIM MRI parameters than the female participants in

both left and right glands (p,0.05). No significant differ-

ences were found in the IVIM MRI parameters between

left and right glands in both male and female partic-

ipants (p.0.05).

Conclusion: The IVIM MRI parameters are age and gender

dependent, but not laterality dependent. Age- and gender-

related effect should be taken into consideration in future

IVIM MRI studies for parotid glands.

Advances in knowledge: (1) Both D and f values corre-

lated inversely with the age in healthy parotid glands, while

D* value did not. (2) The parotid glands of males showed

higher IVIM MRI parameters than that of females. (3) There

were no significant differences on the IVIM MRI parameters

between the left and right glands. (4) Age- and gender-

related effect should be taken into consideration in future

IVIM MRI studies for parotid glands.

INTRODUCTION
CT and MRI play an important role in the diagnosis
and evaluation of parotid gland disease.1–3 Previous
studies4,5 have demonstrated that some simple imaging-
related quantitative measurement of the parotid gland,
such as the gland volume, CT values and T1 weighted
signal intensity, correlated well with the pathophysio-
logical process of some parotid gland disease. However,
several other articles6–8 also have proposed that some
individual differences, such as the age and gender, could
have an effect on the quantitative imaging-related mea-
surement of the parotid gland. Therefore, such in-
dividual differences must be taken into consideration
during the quantitative imaging studies of the pa-
rotid gland.

Recently, intravoxel incoherent motion (IVIM) MRI, which
can simultaneously assess both the diffusion and perfusion
characteristics of the tissue without the need of contrast
material, has attracted more and more attention.9,10 En-
couraging results that use the IVIM MRI model have been
acquired in various pathologies of the parotid gland, in-
cluding the differentiation of benign and malignant tumours
and evaluation of radiation-induced changes.11–13 Never-
theless, studies validating the influence of some individual
differences, such as the age and gender, on the IVIM MRI
measurement of parotid gland were lacking until now.

Therefore, the purpose of this study was to investigate the effect
of age, gender and laterality on the IVIMMRI measurement of
parotid glands in healthy participants at 3.0-T MRI.
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METHODS AND MATERIALS
Study population
This study was approved by the ethics committee of The First
Affiliated Hospital of Nanjing Medical University, and written
informed consent was obtained from all the healthy participants
recruited. All participants were selected among persons who
underwent health screening of the brain in our hospital from
July 2014 to August 2015. IVIM MRI of the parotid gland was
added into the routine MR protocol of brain MR examination
during that period. Fasting and water deprivation were required
at least 6 h before MR examination.

Conventional MRI results, clinical history and recent labora-
tory results were reviewed. We enrolled the participants based
on the following inclusion criteria: (1) age more than 18 years,
with body mass indices ,25; (2) non-smokers and not
addicted to alcohol; (3) not taking any medication at the time
of imaging examination; (4) no known medical history of
parotid gland disease, such as tumour, Sjögren’s syndrome etc.;
(5) no parotid gland abnormality observed on conventional
MRI; (6) adequate image quality without significant suscepti-
bility artefacts. Finally, 108 healthy participants (mean age,

40.26 15.3 years; age range, 23–77 years) were included in our
study. The 108 participants included 72 female (mean age,
41.86 13.9 years; age range, 23–74 years) and 36 male (mean
age, 37.06 17.6 years; age range, 23–77 years) participants.

Imaging protocol
MRI examinations were performed by using a 3.0-T clinical MR
(Verio Tim; Siemens Healthcare, Erlangen, Germany) and
a 12-channel head coil. The conventional MRI protocol of the
parotid gland included: (1) unenhanced axial T1 weighted im-
aging [repetition time (TR)/echo time (TE), 900/10ms; section
thickness, 4mm; intersection gap, 1.0mm; field of view, 18 cm;
and matrix, 3843 336]; (2) axial T2 weighted imaging (TR/TE
5000/99ms; section thickness, 4mm; intersection gap, 1.0mm;
field of view, 18 cm; and matrix, 3843 336) with fat saturation;
(3) coronal T2 weighted imaging (TR/TE 5000/100ms; section
thickness, 4mm; intersection gap, 1.0mm; field of view, 22 cm;
and matrix, 3843 336) with fat saturation.

IVIM MRI was performed using single-shot echoplanar imag-
ing. Detailed imaging parameters were TR/TE, 5000/74ms;
section thickness, 5mm; intersection gap, 0.5mm; field of view,

Figure 1. Conventional axial T1 weighted (a) and T2 weighted images (b), an example of region of interest selection (c) and the

corresponding parametric maps (d–f) derived from intravoxel incoherent motion (IVIM) MRI in a 48-year-old female participant. The

IVIM-derived parameters of the bilateral parotid glands in this patient were: left parotid gland: D, 0.96823 1023mm2s21; D*,

20.70033 1023mm2s21; f, 0.2091; right parotid gland: D, 0.98543 1023mm2s21; D*, 21.10713 1023mm2s21; f, 0.2083.
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22 cm; and matrix, 1303 100; parallel imaging factor, two. We
acquired nine different b-values (0, 50, 100, 150, 200, 400, 600,
800 and 1000 smm22) in three orthogonal directions for IVIM
MRI scan. The total acquisition time was 4min 55 s.

Intravoxel incoherent motion fitting
The relationship between signal variation and b-values in an
IVIM-type sequence can be expressed by the following
equation:14

Sb=S05ð12 f Þe2 bD 1 fe2 bDp

where S is the mean signal intensity, S0 is the signal intensity
without diffusion, Sb is the mean signal intensity with a gradient
sensitivity factor b. f describes the fraction of incoherent signal
that arises from the vascular compartment in each voxel over the
total incoherent signal. D is the diffusion parameter representing
true molecular diffusion, and D* is the pseudodiffusion co-
efficient, which describes macroscopic incoherent movement of
blood in the microvasculature compartment.

To obtain the IVIM parameters, the above-mentioned IVIM
signal equation was fitted in two steps.15 In the first step, the
curve was fitted for b-values .200 smm22 for the single pa-
rameter D. This assumes that D* is significantly greater than
D, so that the influence of pseudodiffusion on signal decay
can be neglected for b-values .200 smm22. In the second
step, keeping the D value acquired in the first step constant,
the curve was fitted for f and D* over all b-values. This two-
step method was used to increase robustness under biological
conditions.

Image processing
All IVIM MRI data were transferred in digital imaging and
communications in medicine format from the MRI scanner to an
independent personal computer and processed using an in-house
program with MATLAB® software (MathWorks® Inc., Natick,
MA). The regions of interest (ROIs) were drawn on all imaging
sections encompassing as much of the parotid gland area, while
visually surrounding blood vessels were excluded with reference to
the T2 weighted images. The ROIs were slightly smaller in size
than the actual size of parotid gland to reduce the influence of
partial volume effect. The IVIM MRI measurements obtained
from each ROI were averaged.

A total of three independent IVIM MRI measurements were per-
formed in each participants by two readers, who had 14 (Reader 1,
FYW) and 4 (Reader 2, XQX) years’ clinical experience in head and
neck radiology and were blinded to all demographic information.
The measurements of the two radiologists were used to calculate
interreader agreement. To assess the intrareader agreement, the
second reader reassessed all the images, which were presented in
a different order, 1 month after the first-time assessment. The
average of the two measurement results of the second reader was
employed into statistical analysis.

Statistical analysis
All continuous data were presented as the mean and standard
deviation. Normality of the IVIM MRI parameters was analysed
with Kolmogorov–Smirnov test. Pearson correlation analysis was
performed to determine the associations between the IVIM MRI
parameters and age. The paired t test was performed to compare
the difference on IVIM parameters between left and right

Figure 2. Scatter plots of age effects on themeasurements ofD, f andD* values in bilateral parotid glands. Correlation analyses indicated

that there were significant inverse correlations between age and D or f values in both left (D, p,0.0001, r520.5035; f, p,0.0001,

r520.5265) and right (D, p,0.0001, r520.5700; f, p,0.0001, r5 20.5690) parotid glands, while no significant correlation was found

between age and D* values in both left (D*, p50.0688, r520.1758) and right (D, p50.1209, r520.1503) parotid glands.
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parotid glands. The unpaired t test was performed to compare
the difference on IVIM parameters between male and female
healthy participants.

Interreader and intrareader agreement on the IVIM MRI
measurements was assessed by using the intraclass correlation
coefficient (ICC) with 95% confidence intervals. The ICC
ranged between 0 and 1.00, and the values closer to 1.00 meant
better reproducibility. They were interpreted as follows: r, 0.40,
poor; r5 0.41–0.60, moderate; r5 0.61–0.80, good; r$ 0.81,
excellent. A two-side p-value ,0.05 indicated statistical signifi-
cance. Statistical analyses were performed by using software
(SPSS® 19.0 for Windows; IBM Corp., New York, NY; formerly
SPSS Inc., Chicago, IL).

RESULTS
The IVIM MR images showed adequate imaging quality for
imaging analysis in all 108 healthy participants. Figure 1 shows
an example of ROI selection and the corresponding parametric
maps derived from IVIM MRI in a 48-year-old female
participant.

There was a significant inverse correlation between age and D or
f value in both left (D: p, 0.0001, r520.5035; f: p, 0.0001,
r520.5265) and right parotid glands (D: p, 0.0001,
r520.5700; f: p, 0.0001, r520.5690), whereas no significant
correlation was found between age and D* values in both left
(D*: p5 0.0688, r520.1758) and right parotid glands
(D: p5 0.1209, r520.1503). Detailed results about the corre-
lation between the IVIM MRI parameters and the age are shown
in Figure 2.

The parotid glands of the male participants demonstrated sig-
nificantly higher mean D, D* and f values than those of the

female volunteers in both left (D: 1.04926 0.0970 vs 0.97496
0.1295, p5 0.0041; D*: 20.55436 1.3862 vs 18.00446 2.0851,
p, 0.0001; f: 0.20516 00423 vs 0.18966 0.0267, p5 0.0468)
and right parotid glands (D: 1.063660.0939 vs 0.981960.1262,
p5 0.0014; D*: 20.366061.4198 vs 17.867162.0236, p, 0.0001;
f: 0.207960.0399 vs 0.190860.0269, p5 0.0208). Effect of gen-
der on the IVIM MRI parameters of bilateral parotid glands is
shown in Table 1.

There were no significant differences on the D, D* and f values
between the left and right parotid glands (D: 0.99886 0.1240 vs
1.00776 0.1210, p5 0.1534; D*: 18.83966 2.2170 vs 18.68246
2.1686, p5 0.3226; f: 0.19396 0.0324 vs 0.19576 0.0316,
p5 0.0700). Meanwhile, there were no significant differences on
the D, D* and f values between the left and right parotid glands
in the subgroup of either female or male participants (all
p. 0.05). Effect of laterality on the IVIM MRI parameters of
parotid glands is shown in Table 2. Conventional T1 weighted
and T2 weighted MR images and the corresponding parametric
maps derived from IVIM MRI in a 77-year-old female partici-
pant are shown in Figure 3.

Table 3 summarizes the interreader and intrareader agreement
about the measurement of D, f and D* values by using the
corresponding ICCs and 95% confidence intervals. Excellent
interreader and intrareader agreement about the measurements
of the D, f and D* values was achieved (interreader ICCs for D, f
and D*, 0.951, 0.877 and 0.822, respectively; intrareader ICCs
for D, f and D*, 0.968, 0.881 and 0.841, respectively).

DISCUSSION
Our study observed significant age-related changes on the D and
f values of the parotid glands in healthy participants. As the age
increased, the D and f values gradually decreased. However, no

Table 1. Effect of gender on the intravoxel incoherent motion MRI parameters of bilateral parotid glands

Parameter
Left Right

D D* f D D* f

Female 0.97496 0.1295 18.00446 2.0851 0.18966 0.0267 0.98196 0.1262 17.86716 2.0236 0.19086 0.0269

Male 1.04926 0.0970 20.55436 1.3862 0.20516 0.0423 1.06366 0.0939 20.36606 1.4198 0.20796 0.0399

p-value 0.0041 ,0.0001 0.0468 0.0014 ,0.0001 0.0208

D*, pseudodiffusion coefficient; D, tissue diffusivity; f, perfusion fraction.
Except p-values, data are expressed as mean6 standard deviation. The unit for D and D* value is 31023mm2 s21.

Table 2. Effect of laterality on the intravoxel incoherent motion MRI parameters of parotid glands

Parameter
Female Male

D D* f D D* f

Left 0.97496 0.1295 18.00446 2.0851 0.18966 0.0267 1.04926 0.0970 20.55436 1.3862 0.20516 0.0423

Right 0.98196 0.1262 17.86716 2.0236 0.19086 0.0269 1.06366 0.0939 20.36606 1.4198 0.20796 0.0399

p-value 0.3473 0.5222 0.3365 0.2003 0.3646 0.0651

D*, pseudodiffusion coefficient; D, tissue diffusivity; f, perfusion fraction.
Except p-values, data are expressed as mean6 standard deviation. The unit for D and D* value is 31023mm2 s21.
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significant age-related changes were found for the D* value.
Meanwhile, our study revealed that the parotid glands of the
male participants demonstrated significantly higher mean D, D*
and f values than those of the female participants. However, no
significant difference was found for the IVIM MRI parameters
between the left and right parotid glands. To the best of our
knowledge, our study is the first one that investigates the effect
of age, gender and laterality on the IVIM MRI measurements of
parotid glands.

Previous studies6,16,17 have shown the age-related changes of
several imaging-related quantitative measurements of parotid

glands, including T1 intensity ratio, CT value and peak T2 value.
They found that the T1 intensity ratio and peak T2 value in-
creased, and the CT value decreased with age, and they
explained that an increasing fatty content replacement of the
parenchyma of the parotid gland with age might be the potential
reason.6 We found clear age-related tendency for D and f values,
and the possible mechanism that they proposed could also help
to explain our finding. A previous study11 proposed that pro-
longed T2 of the tissue would lead to a lower calculated value of
f, and then the fatty content replacement in the aged parotid
glands would make the f value decreased. In addition, besides
the fatty content, the parenchyma of the parotid gland could also

Figure 3. Conventional axial T1 weighted (a) and T2 weighted images (b), an example of region of interest selection (c) and the

corresponding parametric maps (d–f) derived from intravoxel incoherent motion (IVIM) MRI in a 77-year-old female participant.

There was no significant difference on the IVIM-derived parameters between left and right parotid glands (D, 0.7154 vs 0.72513

1023mm2s21; D*, 18.9502 vs 19.45493 1023mm2s21; f, 0.1714 vs 0.1732). Note that the IVIM-derived parameters of the parotid gland

in this patient were lower than those in the patient showed in Figure 1.

Table 3. Interreader and intrareader intraclass correlation coefficients (ICCs) for measurements of imaging parameters

Parameter Interreader ICC Intrareader ICC

D (31023mm2 s21) 0.951 (0.939–0.977) 0.968 (0.937–0.986)

f 0.877 (0.851–0.903) 0.881 (0.862–0.909)

D* (31023mm2 s21) 0.822 (0.781–0.851) 0.841 (0.817–0.868)

Data in parentheses are the 95% confidence intervals.
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partially be replaced by the fibrotic content, this fact could also
make the D and f values decreased.6 Therefore, it was not sur-
prising that the f and D values would demonstrate inverse cor-
relation with the age.

However, we did not find the similar inverse correlation be-
tween the D* value and the age. We proposed that this fact
might be due to the relatively worse repeatability of the mea-
surement of D* value.18,19 Federau et al18 ever found that D*
value was highly dependent on the cardiac cycle, the D* value
was significantly larger during systole than diastole, while D
and f values did not vary significantly.19 However, in our study,
we did not perform echocardiography triggering during MR
scan or some imaging correction during the imaging process.
Therefore, the measurement of D* value varied a lot and did
not demonstrate similar inverse correlation as f and D val-
ues did.

Gender difference in parotid gland function has been ob-
served in many other clinical studies.7,8 Inoue et al8 found
that the males had higher unstimulated whole saliva flow rate
than the females. Similarly, in our study, IVIM MRI meas-
urements of the parotid glands of the males were significantly
higher than those of the females. The difference in diffusion
and perfusion characters is probably another form of parotid
gland function variation between males and females. Further
studies that correlate the parotid gland function with the
diffusion or perfusion character would be significant for our
hypothesis.

There was no significant difference on the IVIM MRI parame-
ters between the left and right parotid glands and also in the
subgroup analysis of either male or female participants. There-
fore, the bilateral difference on the IVIM MRI parameters be-
tween the left and right parotid glands could be ignored when
applying the IVIM MRI technique in the parotid gland disease.
If unilateral parotid gland disease was suspected, the IVIM MRI
parametric maps and corresponding quantitative measurements
of the contralateral parotid gland could serve as reference for
detecting lesions.

Previously, several researchers have used the IVIMMRI technique to
evaluate the salivary gland disease.12,13 Marzi et al12 studied the
temporal change of the IVIM-derived perfusion and diffusion
parameters of the irradiated major salivary glands. Their study
results provided new insights into the mechanisms of radiation
injury to salivary glands. Besides that, considering that diffusion-
weighted imaging has been used to study the parotid gland ab-
normality in Sjögren’s syndrome, further studies that used IVIM
imaging to demonstrate the diffusion and perfusion abnormality of
the parotid glands in patients with Sjögren’s syndrome would be
very interesting.20 In a word, IVIM imaging could serve as
a promising imaging modality in the field of parotid gland disease.
Then, based on our present study results, we think that age and
gender factors must be taken into consideration in the interpretation
of IVIM imaging parameters of parotid glands. The parameters
adapted to age and gender may improve the study accuracy in future
studies that use IVIM MRI to evaluate the parotid gland disease.

Our study had several limitations. First, IVIM MRI measure-
ments could also be influenced by some involuntary motions,
such as the cardiac cycle. However, we did not perform echo-
cardiography triggering during MR scan or some imaging cor-
rection during the imaging process. This fact would affect the
study result to a certain extent. Second, we did not correlate
perfusion or diffusion parameters that derived from IVIM MRI
with the parotid gland functional parameters, such as the
unstimulated whole saliva flow rate. Further studies that cor-
relate the IVIM MRI with the parotid gland function would be
helpful for the application of IVIM MRI in evaluating various
parotid gland diseases. Third, the sample size was relatively
small. Further analyses with larger numbers of participants will
be needed to validate our results.

In conclusion, our study performs age-, gender- and laterality-
specific analyses of IVIM MRI parameters of the parotid gland in
healthy participants. Our study results demonstrate that the
IVIM MRI parameters are age and gender dependent but not
laterality dependent. Our results indicate that the effect of age
and gender need to be considered in future studies that use
IVIM MRI to evaluate the parotid gland disease.
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