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1. Abstract

Purposes:

The purposes of this study were to 1) quantitatively assess the changes in the apparent

diffusion coefficient (ADC) value of the tongue with aging using diffusion-weighted

imaging (DWI) and, 2) to quantitatively assess the age-related changes in ADC values of

the normal jawbone marrow using DWL

Materials and Methods:

This study was approved by the Institutional review board (EC19-18-002-1, EC19-

011).

1) This retrospective cohort study comprised all patients who underwent magnetic

resonance imaging (MRI) between January 2018 and February 2020 at the Nihon

University Hospital at Matsudo. A total of 480 participants (230 men, 250 women), aged

20- 89 years (mean age 53.66 years), were included in the study. The Mann-Whitney U

test was performed with the ADC value as the explanatory variable and the sex as the

criterion variable. Moreover, calculated the Spearman’s correlation coefficient with age

as the criterion variable and ADC value as the explanatory variable. P<0.05 was

considered statistically significant.

2) This retrospective cohort study comprised all patients who underwent panoramic

radiography and MRI between April 2018 and November 2020 at the Nihon University
3



Hospital at Matsudo. A total of 351 participants (140 men, 211 women), aged 15- 89 years

(mean age 46.01 years), were included in the study. Spearman’s correlation coefficients

were calculated using age groups as the criterion variable and the ADC values as the

explanatory variables. P<0.05 was considered statistically significant.

Results:

1) A significantly positive correlation was found between age and ADC values of the

tongue in the men and women groups (P<0.001, r=0.40, and P<0.001, r=0.27,

respectively). No significant differences were observed between the sex and the ADC

values of the tongue (P=0.19).

2) A significantly negative correlation was found between age and the ADC values of the

jawbone marrow in each sex group (P<0.001).

Conclusion:

ADC values of the tongue and jawbone marrow were significantly correlated with

aging. These results suggested that DWI is useful for differential diagnosis in the tongue

and jawbone marrow.

Key Words: Apparent diffusion coefficient (ADC), Tongue, Diffusion-weighted imaging

(DWI), Age-related changes, Jawbone marrow



2. Introduction

Oral cancer accounts for 1 % of all cancers', with more than 90 % of these being oral
squamous cell carcinoma (OSCC)?. Most commonly, OSCC occurs on the tongue and
accounts for approximately 40 % of all cases of OSCC?>. Previous studies of oral cancer
have shown that OSCC occurs more often in men over 40 years of age, and tongue cancer
is particularly prevalent in men over 60 years of age*. There are various diagnostic
imaging modalities for oral cancer imaging, but magnetic resonance imaging (MRI),
which has better contrast resolution of soft tissues compared to computed tomography
(CT), is often used to assess tongue cancer>®. The sequences of MRI for detecting tongue
cancer include Tl-weighted image (T1WI), T2-weighted image (T2WI), contrast-
enhanced (CE)-T1WI, and diffusion-weighted imaging (DWI)"%.

The bone marrow, which lies within the confines of the skeleton, is one of the largest
organs of the human body. The weight of the bone marrow is approximately 3,000 g in
adult men and 2,600 g in adult women®. It plays an important role in many physiological
processes, such as hematopoiesis, immunological response, and metabolism'’. Various
diseases manifest initially within the bone marrow. The bone marrow in the jaw of a
normal adult consists of yellow (fatty) marrow, which replaces red (hematopoietic)

marrow as a result of aging'®. MRI is known to be highly sensitive for the detection of



bone marrow abnormalities, and short tau inversion recovery (STIR) imaging is
particularly useful for this purpose. The importance of MRI in diagnosing patients with
disorders of the jaw has been emphasized in the literature!!-6,

DWI provides signal contrast utilizing differences in diffusion and movement of water
molecules within various tissues, making it possible to detect subtle anomalies. This
means changes in tissue structure can be detected at the molecular level. Quantitative
evaluation is possible by acquiring the apparent diffusion coefficient (ADC) calculated
from diffusion-weighted images with multiple b values. Several studies have evaluated
the ADC values calculated from DWI'"°, However, few studies have used DWI to
quantitatively assess age-related changes in the tongue and normal jawbone marrow.

The purposes of this study were to 1) quantitatively assess the age-related changes in

the ADC value of the tongue using DWI and, 2) to quantitatively assess the age-related

changes in ADC values of the normal jawbone marrow using DWI.



3. Materials and Methods

This study was approved by the ethics committee, Nihon University School of
Dentistry at Matsudo (EC19-18-002-1, EC19-011).
3-1. Quantitative analysis of tongue changes with aging using diffusion-weighted
magnetic resonance imaging
Patients

The study population included 480 patients (230 men and 250 women, aged 20 to 89
years, mean age 53.66 years) who underwent MRI at the Nihon University Hospital at
Matsudo between January 2018 and February 2020 for screening for cysts and tumors of
the jaw and temporomandibular disorders. Patients with severe susceptibility artifacts
(n=25) and tumors or cysts of the tongue (n=10) were excluded based on clinical and MRI

findings.

Image acquisition

The MRI system was executed using a 1.5 T superconductive MRI unit (Intera
Achieva® 1.5 T Nova; Philips Medical Systems, Best, The Netherlands) with a 5-channel
phased array coil. The parameters of the single shot echo planner imaging (EPI)-DWI

were as follows: repetition time/echo time = 5,100/70; 6.0-mm section thickness;



256%256 matrix; 250250 mm field of view; intersection gap 1.4 mm; imaging time 3
min 29 s and b = 0, 1,000 s/mm?. An ADC map was created using an MRI console. On
the ADC map, the region of interest (ROI) was the largest one showing features of the
tongue that excluded the cortical bone and around the tissue such as the adipose tissue
and tonsils (avoiding 2 mm inside the perimeter) (Figure 1). The ADC values of the
tongue were acquired on the ADC map by two oral radiologists (T. K., 3 years of

experience; K. 1., 10 years of experience).

Statistical analysis

The values of the intraclass correlation coefficient (ICC) (model; 2, 1) were construed
as follows: values less than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, and greater
than 0.90, indicative of poor, moderate, good, and excellent reliability, respectively?!. The
Mann-Whitney U test was performed with the ADC value of the tongue as the outcome
variable and sex as the predictor variable. Moreover, the author calculated the Spearman’s
correlation coefficient with age as the criterion variable, and ADC value as the
explanatory variable. These statistical analyses were implemented using a statistical
package (SPSS version 21.0%, IBM Japan Inc., Tokyo, Japan). P<0.05 was considered to

indicate statistical significance.



3-2. Quantitative assessment of age-related changes in the mandibular bone marrow using
apparent coefficient value
Subjects

The study population consisted of 351 patients (140 men and 211 women, aged 15 to
89 years; mean age, 46.01 years) who had undergone panoramic radiography and MRI
scan between April 2018 and November 2020, and those with severe metal artifact, severe
periodontitis, apical periodontitis, tumors or cysts of the mandible, hematological
disorders, smoking, and osteomyelitis were excluded based on the clinical findings,

panoramic radiography, and MRI.

Methods

Panoramic radiography was performed using a digital panoramic radiography
(Veraviewepocs; J. Morita Ltd., Kyoto, Japan) at 1- 10 mA and a peak kV of 60- 80. MRI
was performed using a 1.5-T superconductive MR unit (Intera Achieva® 1.5 T Nova,
Philips Medical Systems, Best, The Netherlands) and a 5-channel phased array coil. EPI-
DWI scans were performed using the following parameters: TR/TE = 5,100/70; section
thickness, 6.0 mm; matrix, 192; FOV, 350 mm; intersection gap, 1.4 mm; imaging time,

3 min 29 s; and b = 0, 1,000 s/mm?. Segmentation and ADC calculation were performed



at a dedicated oft-line workstation (Philips Medical Systems, Best, The Netherlands).
ROIs, with 5 mm diameter, were manually assigned on the ADC map over the mandibular
bone marrow on both sides, or just below the first molar to reduce the influence of the
anatomical structure. The mandibular tooth germ, canal, root, and cortical bone were
excluded (Figure 2). The ADC values of each participant were independently measured
one time and recorded by two oral radiologists on the same slice (K. 1., 10 years of

experience; H. M., 9 years of experience).

Statistical analysis

The values of the ICC (model; 2, 1) were construed as follows: values less than 0.5,
between 0.5 and 0.75, between 0.75 and 0.9, and greater than 0.90, indicative of poor,
moderate, good, and excellent reliability, respectively’!. Spearman’s correlation
coefficients were calculated using the ADC values of the mean of the bilateral sides as
the criterion variable and age as the explanatory variable. These analyses were performed
using a statistical package (SPSS version 21.0%, IBM Japan Inc., Tokyo, Japan); P<0.05

was considered significant.
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4. Results
4-1. Quantitative analysis of tongue changes with aging using diffusion-weighted
magnetic resonance imaging

The ICC values were in good agreement with those of the ADC of the tongue (0.77).
Figure 3 shows the correlation between sex and tongue ADC values. The mean ADC
values of the tongue were 1.32 +0.15 x107> mm?/s and 1.35 £ 0.15 x10~> mm?/s in men
and women, respectively. No significant differences were found between the sex and
ADC values of the tongue (P=0.19). Figure 4 shows the relationship between the age
groups of men and the ADC values of the tongue, according to the age groups (P<0.001,
r=0.40). Moreover, Figure 5 shows the relationship between the age groups of women
and the ADC values of the tongue, according to the age groups (P<0.001, r=0.27). The

ADC values of the tongue increased with aging in the men and women groups.

4-2. Quantitative assessment of age-related changes in the mandibular bone marrow using
apparent coefficient value

The ICC values were in moderate agreement with those of the ADC of the bone
marrow (0.72). The mean ADC value for all the age groups was 0.91 £ 0.18 X103 mm?/s

in men and 0.86 = 0.16 x10~° mm?/s in women (P=0.016) (Table 1). The mean ADC

11



values of the men were as follows: 1.2 + 0.12 x10~> mm?%/s (15- 19 years; n=9), 1.13 £
0.14 x1073 mm?/s (20- 29 years; n=19), 0.96 + 0.11 x10~> mm?/s (30- 39 years; n=30),
0.85 £ 0.09 x10~> mm?/s (40- 49 years; n=25), 0.84 + 0.07 x10> mm?/s (50- 59 years;
n=21), 0.79 + 0.1 x10~> mm?/s (60- 69 years; n=22), 0.72 + 0.11 x10> mm?*/s (70- 79
years; n=11), and 0.7 + 0.08 x10~> mm?/s (80- 89 years; n=3), according to age (r=-0.781,
P<0.001) (Table 2). The mean ADC values of the women were as follows: 1.08 + 0.16
x1073 mm?/s (15- 19 years; n=19), 0.98 £ 0.1 X103 mm?/s (20- 29 years; n=31), 0.97 +
0.11 x1072 mm?%/s (30- 39 years; n=25), 0.83 = 0.09 x10~> mm?/s (40- 49 years; n=37),
0.81 £ 0.09 x10~> mm?%/s (50- 59 years; n=45), 0.72 + 0.09 x10> mm?/s (60- 69 years;
n=28), 0.71 £ 0.1 X103 mm?/s (70- 79 years; n=23), and 0.69 £ 0.08 x10~> mm?/s (80-
89 years; n=3), according to age (r=-0.725, P<0.001) (Table 2). Thus, the ADC values

showed a significant negative correlation with aging (Figure 6 and 7).
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5. Discussion

In this study, ADC values of the tongue increased with aging. On the other hand, ADC
values of the jawbone marrow decreased with aging.

Currently, DWI is used in head and neck tumor imaging. Generally, the ADC values
for solid benign tumors and cystic lesions are higher than those for malignant tumors®>%,
A report investigating tongue lesions using DWI reported that the mean ADC value for
malignant tongue disease was significantly lower than benign solid and cystic lesions
(malignant; 1.08+0.16 10> mm?/s; benign solid lesions; 2.21 +0.35x 10> mm?s,
cystic lesions; 1.68 +0.33 x10> mm?/s)®. The authors suggested that the ADC value of
malignant diseases is low because excess cells reduce the diffusion area of water protons
in the extracellular matrix and the extracellular compartment. When the nucleus expands,
the intracellular size decreases, and the ADC value decreases.

On the other hand, studies investigating the skeletal muscles have cleared ADC values
for normal sternocleidomastoid muscles (0.99 x10~* mm?/s)**. Histologically, skeletal
muscle causes muscle fiber loss with age; however, there are contradictory reports that
muscle fibers increase or decrease with age in the tongue?*-?®. This study found that ADC

values in the normal tongue tended to increase with age and that this tendency was greater

in men. Furthermore, there was no difference in ADC values between men and women.

13



However, regarding these ADC values, there was a difference in the correlation between
men and women that was more commonly higher in men. Previous reports have indicated
that men may be more susceptible to muscle deterioration due to aging than may do
women, and the correlation was higher in men than in women in this study?’. Generally,
fat ADCs are lower than muscle ADCs, and tissues degenerated from adipose tissue are
expected to have lower ADCs; however, this study indicated elevated ADCs with aging?®.
Therefore, the ADC values of the aged tongue were believed to be caused by loss of
muscle fibers or interstitial changes by frequent external stimuli, rather than replacement
with adipose tissue®®?®. On the other hand, it has also been reported that muscle fibers of
the tongue tended to increase with age, which are thought to cause increases in ADC
values®. This result can help improve the accuracy of the differential diagnosis of tongue
lesions using ADC values.

Previous studies on bone marrow diffusion using ADC values have been reported?’.
The jaw is rich in bone marrow and usually shows low signal intensity in MRIs performed
on adults. By the age of 25- 30 years, most of the marrow in the mandible changes to
yellow marrow!®. Nonomura, et al. reported that the mean ADC values of the
normocellular marrow of the posterior ileum in adults and the hypercellular marrow in

children were 0.83 + 0.71 x107> mm?s and 1.29 + 0.59 x10> mm?%/s, respectively.

14



Herrmann et al.3!

reported that the mean ADC values of the vertebral marrow in the age
groups 0- 29 years and 30- 88 years were 0.54 £ 0.07 107> mm?/s and 0.47 £ 0.08 x10°
mm?/s, respectively. Li, et al.>” reported that there was a significant negative correlation
between the ADC values and age, in both the parietal and occipital bones. Similar to this
report, we found a statistically significant negative correlation between the mean ADC
values of the mandibular bone marrow and age. A possible explanation for these results
is that an increase in the proportion of fat in the bone marrow attributed to aging causes
a decrease in the overall water content. Li, et al.”’ explained the relevance of DWI to
detect age-related changes in the bone marrow, stating that the diffusion of fat bound
water molecules is low in the yellow marrow, which contains more fat content, than that
in tissues with more water content. Furthermore, trabecular loss can also increase the
amount of adipose tissue. Deterioration of the microarchitecture of the trabecular bone
network increases with advancing aging and this process is further accelerated in
osteoporosis related conditions*. This effect is compounded with a loss in mechanical
competence (occlusal force). Yeung, et al.>® investigated the ADC values of the vertebral
body marrow with quantitative MR diffusion imaging in participants with

postmenopausal osteoporosis and premenopausal control participants, and reported a

significantly lower mean ADC for postmenopausal participants with reduced bone

15



mineral density (0.41 x 1073 mm?/s). This could be the reason for the low ADC value of

women in all age groups.
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6. Conclusion

ADC values of the tongue and jawbone marrow were significantly correlated with

aging. These results suggested that DWI is useful for differential diagnosis in the tongue

and jawbone marrow.
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8. Figures and legends

Figure 1  Apparent diffusion coefficient (ADC) map of the tongue

Region of interest (ROI) is the maximum area of the tongue on the apparent diffusion
coefficient (ADC) map.
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Figure 2  Apparent diffusion coefficient (ADC) map of the mandibular bone marrow
The regions of interest (ROIs), with 5 mm diameter, were manually assigned on the

apparent diffusion coefficient (ADC) map over the mandibular bone marrow on both sides,

or just below the first molar to reduce the influence of the anatomical structure.
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Figure 3  Box-and-whisker plot indicating the relationship between sex and apparent
diffusion coefficient (ADC) value of the tongue

There was no significant differences between sex and ADC values of the tongue.
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Figure 4 Scatter plot indicating the correlation between men’s age and apparent
diffusion coefficient (ADC) value of the tongue

Figure 4 shows the positive correlation between men’s age and ADC values of the
tongue.
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Figure 5  Scatter plot indicating the correlation between women’s age and apparent
diffusion coefficient (ADC) value of the tongue

Figure 5 shows the positive correlation between women’s age and ADC values of the
tongue.
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ADC values of bone marrow in different age

of the men
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Figure 6 Scatter plot showing the relationship between the apparent diffusion
coefficient (ADC) of the bone marrow and age in men

Figure 6 shows the negative correlation between men’s age and ADC values of the

bone marrow.
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ADC values of bone marrow in different age
of the women
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Figure 7 Scatter plot showing the relationship between the apparent diffusion

coefficient (ADC) of the bone marrow and age in women

Figure 7 shows the negative correlation between women’s age and ADC values of the

bone marrow.
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9. Table

Table1 Mean ADC values of the bone marrow in the mandible

Number of patients (n=Number of patients)

Men (n=140) Women (n=211) P-value
Mean ADC value
of the bone marrow 0.91+0.18 0.86+0.16 P=0.016
(X107 mm?/s £SD)

ADC= Apparent Diffusion Coefficient, SD= Standard Deviation
n=351
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Table 2 Mean ADC values of the bone marrow in different age and sex

Mean ADC value of bone Mean ADC value of bone

Age groups (yrs.) marrow of men (n=140) marrow of women (n=211)
(= SDx107 mm?/s) (= SDx107 mm?/s)
15-19 1.2+ 0.12 (n=9) 1.08 £0.16 (n=19)
20-29 1.13+0.14 (n=19) 0.98 £0.1 (n=31)
30-39 0.96 £ 0.11 (n=30) 0.97 £0.11 (n=25)
40-49 0.85 £ 0.09 (n=25) 0.83 +0.09 (n=37)
50-59 0.84 £ 0.07 (n=21) 0.81 £ 0.09 (n=45)
60-69 0.79 £0.1 (n=22) 0.72 £ 0.09 (n=28)
70-79 0.72£0.11 (n=11) 0.71 £0.1 (n=23)
80-89 0.7 +0.08 (n=3) 0.69 £ 0.08 (n=3)

r -0.781%* -0.725%*
** 1 P<0.001

ADC= Apparent Diffusion Coefficient, SD= Standard Deviation
n=351
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