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P =0.873; f: MP and FP, P = 0.370, MP and LP,
P =0.794, LP and FP, P = 0.256) (Tables 2, 3
and Figure 3).

The UJZ exhibited high overlapping ratios
(60.00%-80.00%) and no apparent differ-
ences in the overlapping interval between
phases in the IVIM-DWI-derived parameters
(Table 4, Figure 4).

Myometrium

During the menstrual cycle, the myo-
metrium ADC and D values demonstrated
a statistically significant decrease in the MP
compared with the FP and LP (ADC: MP and
FP, P=0.033, MP and LP, P = 0.006; D: MP and
FP, P = 0.041, MP and LP, P = 0.045) but no
statistically significant change in the LP and
FP (ADC: LP and FP, P = 0.168; D: LP and FP,

Table 2. Comparison of ADC, D, D¥, and f values in different periods of the menstrual cycle

in the endometrium, UJZ, and myometrium

Value of IVIM-DWI ADC D D* f(%)
parameter (X103 mm?/s) (X103 mm?/s) (X102 mm?/s)
Endometrium
MP of endometrium 0.98 +0.18 0.74+£0.19 28.30 (1.51-127.23) 19.80 (4.59-66.47)
LP of endometrium 1.34+£0.18 1.08 £ 0.24 20.07 (4.41-151.90) 23.47 (6.14-62.10)
FP of endometrium 1.42 +0.25 1.08 £ 0.21 18.97 (2.82-101.63) 28.00 £ 12.37
uJjz
MP of UJZ 1.06 + 0.14 0.73+£0.17 73.12£60.28 27.87 £9.67
LP of UJZ 1.15+£0.17 0.85+0.17 77.75 £51.65 24.79+12.30
FP of UJZ 1.14 (0.75-1.72) 0.85+0.17 80.16 + 64.69 27.08 £ 10.61
Myometrium
MP of myometrium 1.40 £ 0.25 0.85+0.14 30.16 (8.39-106.26) 32.33(17.97-62.10)
LP of myometrium 1.52+0.25 090+0.17  50.03 (9.60-165.53) 3091 +£5.53
FP of myometrium 1.58 £ 0.30 0.92+0.20 28.63 (7.68-140.80) 31.87 (13.90-64.40)

IVIM-DWI, intravoxel incoherent motion diffusion-weighted imaging; ADC, apparent diffusion coefficient; D, pure
molecular diffusion coefficient; D*, perfusion-related diffusion coefficient; f, perfusion fraction; MP, menses phase; FP,
follicular phase; LP, luteal phase; UJZ, uterine junctional zone.

P = 0.624). However, D* values indicated
a statistically significant increase in the FP
compared with the MP and LP (FP and MP, P
= 0.049; FP and LP, P = 0.009). Moreover, the
myometrium f values indicated no statistical
difference in the MP, FP, and LP (MP and FP, P
=0.284; MP and LP, P =0.997; LP and FP, P =
0.282) (Tables 2, 3 and Figure 3).

The myometrium had highly overlapping
ratios (60.00%-86.67%) and no apparent dif-
ferences in overlapping intervals between
phases in the IVIM-DWI parameters (Table 4,
Figure 4).

Discussion

The endometrium is divided into basal
and functional layers, with changes to the
endometrium occurring in the functional
layer.?® The thickness of the endometrium
is approximately 1-4, 12-13,and 16-18 mm
in the MP, LP, and FP, respectively.?’ During
the MP, changes in phenotype involve
the release of proinflammatory cytokines,
chemokines, and matrix metalloproteinas-
es, leading to the collapse of the shallow
endometrial layer, focal bleeding, and men-
strual shedding.?? Conversely, mesenchyme
cells have relatively high or high edema and

Figure 4. (a-l) Histogram and fitted curve graph of the overlapping conditions. MP, menses phase; FP, follicular phase; LP, luteal phase; ADC, apparent diffusion

coefficient, Cl, confidence interval.

660 + September 2023 - Diagnostic and Interventional Radiology

Lietal.



are lost during spiral arteriole hyperplasia
in the LP and FP2** In this study, we found
that lower ADC and D values produced
offset fitted curves for the MP and smaller
overlapping intervals and lower overlap-
ping ratios in the MP and LP/FP in terms of
ADC and D values, consistent with endome-
trial physiology. These findings support the
rationale that water molecule diffusion in
endometrial cells decreases with the shed-
ding of edematous mesenchyme cells in the
functional layer.

After the demise of the corpus luteum
and progesterone level decrease, UJZ-dom-
inated and myometrium-involved antero-
grade (from the fundus of the uterus to the
cervix) contractility increases with an in-
crease in uterine contraction (UC) breadth,
frequency, and resting tone. Unlike retro-
grade contraction during the LP and FP, an-
terograde contraction in the MP significant-
ly increases in intensity and frequency to
empty the uterine contents.? UCs are often
felt by women during the MP, sometimes
experienced as an aching feeling (dysmen-

Table 3. P value of the parameter comparison between different menstrual cycle phases in

the endometrium, UJZ, and myometrium

P value of IVIM-DWI parameter ADC D D* f
Endometrium

MP vs. FP <0.001 <0.001 0.171 0.770
MP vs. LP <0.001 <0.001 0.061 0.651
LP vs. FP 0.133 0.668 0.753 0.410
uJz

MP vs. FP 0.008 0.008 0.753 0.370
MP vs. LP <0.001 0.006 0.703 0.794
LP vs. FP 0.203 0.954 0.873 0.256
Myometrium

MP vs. FP 0.033 0.041 0.049 0.284
MP vs. LP 0.006 0.045 0.980 0.997
LP vs. FP 0.168 0.624 0.009 0.282

IVIM-DWI, intravoxel incoherent motion diffusion-weighted imaging; ADC, apparent diffusion coefficient; D, pure
molecular diffusion coefficient; D¥, perfusion-related diffusion coefficient; f, perfusion fraction; MP, menses phase;
FP, follicular phase; LP, luteal phase; UJZ, uterine junction zone.

orrhea). Furthermore, UC can cause the en-
dometrium to be drawn into the myometri-
um, leading to endometriosis.?’ Substantial
constriction from the UJZ and myometrium
may cause the blood to flow out of the mus-
cular layer, with the decrease in blood vol-
ume leading to a decrease in water content.
Contraction forces the smooth muscle cells
to tighten, which may be why the ADC and
D values reduce during the MP.2® The myo-
metrium exhibits decreased signal intensity
under conventional MRI, and the UJZ is un-
clear in T2-weighted images during the MP.
However, the myometrium has higher signal
intensity and the UJZ architecture is clearly
defined during the LP! This phenomenon
may indirectly indicate that the myometrium
and UJZ have tight myometrium structures.
UC during the MP reduces water molecules
in tissues. In the present study, although the
UJZ and myometrium ratios overlapped by
more than 50%, the fitted curve and highest
frequencies were also offset to the left for
lower ADC and D values in the MP (Figure 4),
similar to the endometrium.

Tan et al.® reported that the pulsatility
index peaked on the day of the luteiniz-
ing hormone surge in the dominant and
non-dominant uterine arteries during the FP.
The dominant uterine artery pulsatility index
then declined from the peak to a low level
in the mid-LP. The hemodynamic changes
correlated with the variations in serum estra-
diol and progesterone concentrations. Fur-

Table 4. Overlapping conditions during different phases of the menstrual cycle based on IVIM-DWI parameters and uterine structure

Overlapping interval Overlapping interval of ~ Overlapping interval Overlapping Overlapping ratios Overlapping
of M (ADC, D, D*: x10°  UJZ (ADC, D, D* x10%  of E (ADC, D, D*: x10° ratios of M (%) of UJZ (%) ratios of E (%)
mm?/s; f: %) mm?/s; f: %) mm?/s; f: %)
ADC
MP vs. FP 1.2-1.8 0.9-1.3 1.0-1.3 7333 76.67 3333
MP vs. LP 1.2-1.8 0.9-1.3 1.0-1.3 70.00 70.00 2333
FP vs. LP 1.2-1.8 0.9-14 1.0-1.6 70.00 66.67 76.67
D
MP vs. FP 0.7-1.1 0.6-1.0 0.6-1.1 83.33 73.33 40.00
MP vs. LP 0.7-1.1 0.6-1.0 0.7-1.1 60.00 63.33 43.33
FP vs. LP 0.5-1.2 0.6-1.1 0.7-1.4 66.67 80.00 76.67
D*
MP vs. FP 10-70 10-130 10-70 53.33 60.00 66.67
MP vs. LP 10-70 10-140 10-50 60.00 73.33 70.00
FP vs. LP 10-70 10-140 0-50 66.67 63.33 80.00
f
MP vs. FP 20-40 20-40 10-40 86.67 63.33 7333
MP vs. LP 20-50 20-40 10-50 80.00 80.00 7333
FP vs. LP 20-40 10-40 10-40 86.67 70.00 7333

IVIM-DWI, intravoxel incoherent motion diffusion-weighted imaging; ADC, apparent diffusion coefficient; D, pure molecular diffusion coefficient; D*, perfusion-related diffusion

coefficient; f, perfusion fraction; M, myometrium; U, uterine junctional zone; E, endometrium; MP, menses phase; FP, follicular phase; LP, luteal phase.
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