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Analysis of diaphragm morphogenesis in the human fetus using diffusion tensor
imaging
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This study aimed to analyze the fiber architecture of the developing
diaphragm and rectus abdominis in the human fetus. Thirty-five human fetuses were analyzed using
T1-weighted imaging (T1W) and diffusion tensor-magnetic resonance imaging (DTIl) scans obtained using

a 7-T MR system. The diaphragm and rectus abdominis were reconstructed using three-dimensional
images based on T1W and DTl fiber tractography. We revealed qualitative changes in the muscular and
tendon sites that comprise the diaphragm and rectus abdominis during embryonic and early-fetal
periods. This study provides information on normal human diaphragm and rectus abdominis development
for fetal medicine and could aid in the understanding of congenital anomalies in the future.



MRI
(Diffusion tensor imaging, DTI)

DTI 3
DTI
T1 (Taw) DTI
[ 1 Carnegie stage (CS)
16 23 15 ( Crown-rump

length [CRL] 34-88mm) 20

[ 1 7-T MR system (BioSpec 70/20 USR, Bruker BioSpin MRl GmbH)
Tiw DTI Amira (BioSpec 70/20 USR;
Bruker BioSpin MRI GmbH, Ettlingen, Germany)
Tractography Tractography DSl Studio
(http://dsistudio.labsolver.org)

14 (CRL 40-88mm) T1W DTI
TiW
Fractional Anisotropy value (FA ) Tractography FA
0 1
[1] FA mapping FA
FA DTI
3 (1

CRL 71.0mm CRL 70.5mm CRL 51.5mm 2 EE%@%%“

FA=0.07~0.22 FA=0.12~0.27 FA=0.07~0.22
. 4 XfEA: O~ EfEB:@~Q
B1 REOBROAE _ RRIC: 9~@ RMD:@~5
Z: (BEBR 71.0mm) f1: (BEEX&70.5mm) % : (BEEX & 51.5mm) O ERLin QMBS LikEHEHH ik

TR CTEO>TWADLRETHS. EMNSIRICT . I. MEDFITHS, OhriESH LE OFEHTH
CRER T i



®1REQUBEROEED

A D 4 = .
( 2 Sample IDCRLG) T8 ¢ D (W A B[ c|D[E
1) P54 | 458 [0 —lm|—2[01]-[m|-2
C F224 | 460 [NINEDEE - | 3 BRERRN - | 3
2371 | 485 LIl — -2 0] -1]-]2
[2] R4 D5 EEEEEE - | DR 4
Fi485 | 500 [NISININ[I (RN 4+ [RIRRINIm| — | 3
F2396 [ sLsh (I — | — | 2 [l - [ - [ 2
3387 | 587 |11 |m | —|3|mfrlonl— 3
F2083 | 673 RINRREREN 4+ PREDT B 4
F2133 | 605 RINEREREE ¢+ PREREREND ¢
F24 | 705 [RISRERLI — | 3 BEREEE - | 3
P8 | 710 [0 -0 -2 )0|-[1]-]2
33 | 70 [RIRINREREEE + RREREREN ¢
37304 | 875 [RIDIRIRIRIRINEN + [DIRINIRNIRRN 4
BEFEIA %) 100846846385 _~ 100 76.9/92.3/385
( 3
CRL
46-88mm BEHOKE
30 1
g 0s i
’ IR
uy e T
g 0 04l
E o.zg
() o 0
;;F S ’%'7:&5 N \'?5%'.\ 6\',5 k9%’\0’:: NS q:\k
CRL (mm) HERO¥E0.56
CRL58.7mm —EGTE w-fEEHLS —HEHECEH/LR
M3 BEH LB FHTOREESL
i HEHOR B O EH
= 02 P mmmTs
1 4 I [ratasw o
g e .| Ros . s L
A;100% £ i , 1 X A
B:80.7% C; 88.4% D:35.8% ) . CI R .
& mamTH | B = T T
y ll;[j('\‘ )\—rll:} 18
b . M("RL (nuu‘)“ h " i . NZRL (mm‘;’ h
@4 BERHO I EH
TiwW
5 TiW
14
10 (71.4%)
94-95%
[3]
CRL 58.7mm CRL 51.5mm
MRI BI5. #EAEBHOBRE(TIW) EXIAERE
EHEEFHIRETER M), G #HAEBIEHTEGL.,
CS16 23 15 CRL 34-88mm 20 TiW DTI
CSi16
TiW
DTI X CT CS16-20
( 2) Csie CsS17 Cs18 1 5

90



CS18 1 CS19

5 4 1
CS20 £2. BREREDME - =
BB H OB
CRI['4 5] (PSR %)
CS cs E—’?jﬁf 1 i o)
CRL20mm
16 8-10 5 0(0) 0(0)
17 10-16 9 0(0) 0(0)
18 12-18 6 0(0) 1(17)
19 13-18 5 4(90) 5(100)
20 16-19 7 7 (100) 7 (100)
STt TR
CS16 (CRL8mMm) - — EARIhRE
CS19 (CRL16mm) . o FCERRNED
[6] ¢ —a S FRAIED
CRL34mm 6 et e FERRMED
3 Sl
551004
( 6) CRL16mm 120
CRL70mm —
SEAREHE
0 CRL 50 i 100
6. BHEEELE(C UIERROMBO#R
Amira CS16 (CRL8mMm)
CRL41mm (0.15-0.2mm) CRL46mm
(7 CRL50mm
CRL71mm

CRL46 mm CRL49 mm
RS ERARZLTL

7. #RR EAOE

Tractography
CS16 FA (FA: 0.05-0.08)
Tractography CS19
( 8
3 Type 1; 19 samples Type2 6 samples
RIBRL

A&

[7.8] 3 -
KBRETL
Type]_ xnm«n "
Type 3; ZSampIes FA —:-

N RERTL
8. B - EEH S RERAABR DR EST

xmmgn



FA

(FA:0.4) CRL46mm ( )
FA
FA
(9
[9] CRL18mm
[4] FA

Wells 1954 [4] CRL 31 mm  primitive
CRL 67 mm
Tractography CRL88mm

CRL 46 mm CRL71mm _

ARAELFL

JSSEESEN

5mm
[
L 10 mm

[X9. ##FRE Tractography

1. Basser, P.J. & Pierpaoli, C. (1996) Microstructural and physiological features of tissues
elucidated by quantitative-diffusion-tensor MRI. J Magn Reson B, 111, 209-219.

2. . 1957
.24(10),29(711)-56(738)

3. Mori M. (1964) STATISTICS ON THE MUSCULATURE OF THE JAPANESE.
Okajimas Folia Anat Jpn, 40,195-300

4, Wells, L.J. (1954) Development of the human diaphragm and pleural sacs.
Contribut Embryol, 236, 109-134.

5. Botha, G.S. (1959) Organogenesis and growth of the gastroesophageal region in
man. Anat Rec, 133, 219-2309.

6. Miiller, F. & O'Rahilly, R. (1986) Somitic-vertebral correlation and vertebral levels
in the human embryo. Am J Anat, 177, 3-19.

7. Collis, J.L., Kelly, T.D. & Wiley, A.M. (1954) Anatomy of the crura of the diaphragm
and the surgery of hiatus hernia. Thorax, 9, 175-189

8. Costa, M.M. & Pires-Neto, M.A. (2004) Anatomical investigation of the esophageal
and aortic hiatuses: physiologic, clinical and surgical considerations. Anat Sci Int,
79, 21-31.

9. Drake, R., Wayne, V.A. & Adam, WM.M. (2016) Gray's anatomy for students. 3rd ed.
Philadel phia: Saunders Elsevier, p. 161-167.



1 1 0 0

Yosuke Kumano,Sayaka Tanaka,Rino Sakamoto,Toru Kanahashi,Hirohiko Imai,Akio Yoneyama,Shigehito in press
Yamada, Tetsuya Takakuwa
Upper arm posture during human embryonic and fetal development 2021

The Anatomical Record

DOl
10.1002/ar.24796

61

2021

127

2022

MRI

127

2022







