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Abstract

Objective: To explore the value of magnetic resonance (MR) ultrashort echo time imaging with
pointwise encoding time reduction with radial acquisition combined fat suppression (PETRA-FS)
sequence and the T2*mapping sequence in knee MR of healthy young adults. Methods: Totally 22
healthy young patients in The Affiliated Hospital of Qingdao University from August 2021 to Octo-
ber 2021 were collected in this study: All subjects underwent FS FSE PDWI sequence scan, ultra-
short echo time PETRA-FS sequence and T2*mapping sequence. Articular cartilage of knee was di-
vided into 15 subregions, and a total of 645 subregions were obtained, in which the thickness and
T2* values were semi-quantitative recorded in healthy young patients. And it was divided into
load-bearing area and non-load-bearing area. All subjects were divided into two groups (13 men
and 9 women) according to their gender. By using statistical analysis with t test, compared all
subregions which were merged, the thickness distribution characteristics were summarized. Re-
sults: (1) The average cartilage thickness of knee in healthy young patients from thick to thin in
turn was as followings: patellar cartilage (3.74 mm), lateral femoral condyle (1.94 mm), lateral
femoral trochlea (1.71 mm), medial femoral condyle (1.46 mm), medial tibia condyle (1.21 mm),
lateral tibia condyle (1.11 mm). (2) The thickness of the knee cartilage significantly differed be-
tween men and women (P < 0.05), besides the parts of medial femoral condyle and medial tibia
condyle; The T2* values of the knee cartilage were only significantly differed between men and
women in medial femoral condyle and medial tibia condyle (P < 0.05). In addition, the T2* values
of load-bearing area and non-load-bearing area were with significantly difference (P < 0.05). Con-
clusion: In healthy young adults, gender may be an important factor affecting the thickness of knee
cartilage, and the T2* value of cartilage may be less affected by gender. T2*mapping and PETRA-FS
sequences can provide normal imaging reference.
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1. 5]

KAV R SR B KT RIVRE . KRG RE. SR RERERE 2] KE
DRIZURES S FSECE 2 S CE N B LR S O AL, B S T R IR HLEIA OCEE, RE IR
Wy AERESCTT AR E PRI SCHE[2] [3] [4] [5]. X I&TT R (V) A3 405 AT RIS WT o s YR 7 0 SR 5K 1Y
RIVREEA EERIGRE Lo SR, 14 1 s PR IR 7E SR B ARG, 283 S AT il i s T 0k »
TERAERS, F T 5 IS 5, DR A 30 2 R 2R3 TE I /s [6] MR B[] 9 I [7] (ultrashort
echo time, UTE) BRI HIL, A5 T2 R MAZ BCAILSE . PETRA-FS /3412 — M TE [R5k IS 8 751,
Ho[ml g AR AL, #ir T F([7]. SR [6] LK, PETRA-FS /741 n] B n GG IR 2 IR AL N I FEES
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WIKE . ABFFEE PETRA-FS 541 % T2*mapping /&5 ut%, ST HOE#EAT X, 58 s Al
BRI T2 S, A R E R S B 0 A R o S R B IR H, #%5F PETRA-FS Al T2*mapping
FPHIAEAR R IR MR RN N, AR S Wb s S 22 e AR R g B S R .

2. ZENEH&E
2.1. HFRIMR

WedE H 2021 4 8 H & 2021 47 10 H T-FRFEAT K [=1 3k I 7] % PETRA-FS ¥ %1, T2*mapping & FS
FSE PDWI A e AR 2 3 22 44, i 21 ), A 22 49, 3L 43 AMigoeds, Hop B 1341, «
9 fl, it 22~35 %, PR (25 +2.98)% . HERRARAE:REAEA RS s, AMI e, PRSEE, N
R RE: A MRIRAESERIEH . K REARCHEZE Roftft, BFERERE.

22. FHFIISSH

K H Siemens Prisma 3.0T MR i ‘T # £ 4% (Magnetom Prisma; Siemens Healthineers, Erlangen, Germany)
X REE A AT SRAL FS FSE PDWI 751, R PETRA-FS 741 J RARAL T2* mapping 751144
T NARALR FAMEM 2 581 . FS FSE PDWI 75145 2% #H N 8] (TR) 2200 ms, [RIJ I [E](TE) 33 ms,
JZE 4 mm, FLEF(FOV) 170 mm x 170 mm, SREERS[E](TA) 1 min 24 s, PETRA-FS P4 iS5 EER
[](TR) 3.32 ms, [E13 5} [A](TE) 0.07 ms, JZ/% 0.8 mm, #L¥f(FOV) 250 mm x 250 mm, KA [F](TA) 6 min
51's. T2* mapping /&5 14iZ%. HEENE(TR) 808 ms, [aljHT[E](TE) 4.36~34.52 ms, JZ/E 3 mm, #I
#F(FOV) 160 mm x 160 mm, SRAERS[E(TA )2 min 46s.

A, TR UG B E AR N AMI 43 AT (Fa A Ta). Hr(Fe F1 Te). JE(Fp A Tp) 3 MIEIX, AR AMUHG 2238 3B i
NRYF, THE FLT X EETELFTR); B, RO G DA & MM 20k B 3 N II(MF) s AMII(LF)IE X, 28 5
RNMMT) AMULT)WE X, XS NTEREEEMFX: C. Flhr G DR I A TS B E 5 N II(MP). Ak
M(LP)X; D. FRAE T2*mapping /) H 4R [X

Figure 1. Processing and analysis of PETRA-FS, T2*mapping images
1. PETRA-FS. T2*mapping BE{&AISLIBFI 4> 4

2.3. BRALIEFN 4T

i MRI E144% 275177 syngo.via EIE J5 AL 3 TAERG, 3543 PETRA-FS 1 T2*mapping ¢ 41 K14 .
Z: [ Hayashi [8]%% WORMS Ml & /7y, Kl IE-Fa LEEHEon 14 NMEX, ASEEF[9)
S XTIV, IR MUV ZE NS IX, A0AE FLT X, 354t 15 MEX (K 1(A)~(C)). F¥ 4 Mk #
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XAAEAREX, AREXNREN. SMUEE, Ba N mgtb &g oM et bt . RAFEREX. T
PETRA-FS J7 41 & L TF-hill f 25 W X 1T 3CH B, 15 WX it 15 ANAE [ il & . (1) B %
AL — AN E SR 3k, BCPIME. (2) mEda NAMUE. IeE N AMUERES BEIX ) 3 5
BRI TS ALl P R B . B AE T2*mapping F¢ 41 B4 b 37 /A 1 &N T [X 8 R (ROI)
Fric T2*H(& 1(D))-

2.4. GHEFE S

MNH SPSS25.0 FiitiA-i#tAT /b, EETEESRHIIE £ FRlEZE(X+s) KR, XWIHERME. T2*
AT IEASTHRL, WA IESSAR, PI4LE LBCR ML t 5 WATFS, NERAKRIE
HItAG56 P < 0.056 W NERFR I FE .

3. &R
3.1 RREFEBEEARAR

22 IR e g, 5 134, Zc 9Bl AFRS 22~35 %, “FIAERR(25 £2.98)% .
32. BREBFBERXT 15 LXK EEME RAFIE

g B A AR RO [ — WE X i R E RN 57, 15 7 X383 J& B AR AR U L2 1o

N IABLCEAIERAE A, 0 15 37 X B JE B AT & I MRS « I M 2. e SR, B
HAMER, JRE AR, IR SMURR 6 F0, R B RO B R BT E N = BMAR DO R AR
H(3.74 mm). JBCE AMUEE(L.94 mm). BE M 5 (171 mm). BCE A AR (.46 mm). RE A IER(L.21
mm). JREAMIER(1.11 mm) (% 2).

FS FSE PDWI P EG /R IEF RS, WE B —8hmE 5 (% 2(A)). PETRA-FS 741 &
B RRECE S Z(E 2(B), HRZEETREES, XM FS FSE PDWI FHI B FTRKEES: RZEREE
5, FSFSE PDWI FHIEG E 2GS, SHETESAMNE, LEXSD.

S HCE B . T2 BT IEAVERL, 4550 BRME IESNN, KR ML REA t K56 3T 2
MR LI RCHTIEE WONER . BeE SMuEE. IR W& IRESMUT& . B sMUTE 4 K ize 6 1
X3, (EREE A 2 RGBSRt PR 12 & IO BR A0 B )R B 22 e B Gt
FENX(PAE <0.05); @EFET . LR RE X (FR B AR, 8 NIER M) T2 %
RIGTHFE (P A >0.05); (3 3. % 4). AKE X AR EX ) T2 ZE R A A k5= (P ¥ <0.05,
% 5).

Table 1. Cartilage thickness in 15 subregions of knee in healthy young adults (mm)
=1 BRSEEERXT 15 LXK EE(mMM)

JAR AT H B/MA N A bk %
e A 43 1.70 5.17 3.49 0.85
e M 43 2.50 6.17 3.98 0.78
JBE &R T 43 1.07 6.40 2.47 1.11
JEE AR R 43 1.00 3.10 1.84 0.52
Ji& MR I 43 0.80 3.90 151 0.54
JBE S 2 43 0.83 3.20 1.71 0.64
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J P 00 BRI 8 43 0.87 217 1.31 0.30
JBE P00 Bk 43 0.83 2.30 1.49 0.32
J P9 A0 B8R Ji 08 43 1.00 3.37 1.57 0.46
JE& P 00 R 43 0.70 1.93 1.18 0.27
Jige P R e 43 0.80 2.93 1.30 0.35
Ji& P R 43 0.67 1.63 1.16 0.25
JE& S R 43 0.63 1.53 1.07 0.24
JE2 4 MU R 43 0.70 1.93 1.12 0.25
JEE AN BR f 43 0.73 2.00 1.13 0.26

(1) WA ASMUBCEET WM. (2) A SMUBREE JE EER I T 5 B, 158 P IR 5 R A AT
JEIZHIEI. (3) B NIBRECE, IR, AR, R AMIERECE U\ﬁﬁ?ﬂz ZHIIN . (4) R HMUE 2
B RRRE .

Table 2. Cartilage thickness in 6 parts of knee in healthy young adults (mm)
2. BRFEBERXT 6 BAKEEE (mm)

JBEE P R JBei &) B AU A R AR R MR W
SEA5AE 1.460 1.941 1.713 1.213 1.108 3.735
TRt 0.273 0.531 0.638 0.234 0.218 0.742
ICPNE] 2.367 3.033 3.200 2.144 1.633 5.317
e/ ME 1.011 1.078 0.833 0.722 0.700 2.483

BB M BRI, RUOVMERCE . BCE SN BCE M A R IR R IR R MR

Table 3. Comparison of knee cartilage thickness between male and female healthy young adults (X £ s, mm)

#3 BREFEES. LZBEBXTREFEELER(X+s, mm)

! Bk BeEsMUBR  BeESMUEE O RENER B SRR e
$(=13) 1504+0023 2124+0.047 1.876+0.066 1.254+0.018 1.166+0.019  3.964 +0.075

Z(n=9) 1.391 £ 0.033 1.66 + 0.051 1.469 + 0.055 1.148 + 0.029 1.019+0.023  3.412 £0.062
P1E 0.224 0.004 0.040 0.147 0.029 0.019

TR AR 2 L (BB ST R AR X I (BRI R Tl R 2 A0 R B R 22 7 A g i (P 1 < 0.05)
T B MR O BB R BER T 2tk

Table 4. Comparison of T2* values of knee cartilage between male and female healthy young adults (X +s, ms)
R4 BREEBRER, ZEBXTRE T2MELBE(X £, ms)

v s P ) JBE M JEE PR J&- & M) i
H(n=13) 27.066 + 2.28 31.682 + 3.491 25.669 + 3.101 28.622 + 3.949 28.536 + 3.479
#(n=09) 24.753 + 2.697 29.562 + 4.091 22.334 + 2.505 27.504 + 4.063 26.386 + 3.474

P1{E 0.004 0.076 0.001 0.375 0.054

TEREHEE S L Z RIRRTTRAR IR R NI JRE NOERZ M) T2*E 2= R To gt i 8 (P 1 > 0.05).
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Table 5. Comparison of T2* values of load-bearing area and non-load-bearing area in healthy young adults
=5 BREFBEBRXTREAEXRRIFAERX T2*ELR

Pt 1% T2*fE/ms
HKHE X 172 25.035 + 4.418
JEARE X 215 30.192 + 7.294
P1{H 0.001

AREX AR X T2MEERBEAGAR G P <0.05, JFREX T2HE AT REX

5, 25 %, {@FEExT % E. A FSFSE PDWI FH B SR B NS~ &ES
(B L), RNBEFREES LKL, B PETRA-FS 57 G &R g 2 w2,
BEENPEGES @A LR); WERIEES@AafikiR), FSPDWI FFHIEM%
K55, SWETEIRANE.

Figure 2. Display of healthy knee cartilage with FS FSE PDWI, PETRA-FS sequences
2. FS FSE PDWI. PETRA-FS FHI R REX TR BN ER

4. ¥W1ig

KT B TR IR, ACE R4 /N R R R . 7K IR IR AT 4 S B 1 2 M AHL A T 2
MUAMEE I . A ROR, SECE R IR, A 2R K S B, R T MR,
WeHRT, A2 R, KEERD[10].

HEIEIR(MR)VE N —F GBI R B 77, CRCNTP R TR B RS E L. 8 MR FHIEE
BUR, [ REK, SR, EECEERAL T2 BRI, H T AR EUE 5 R, DRI TG B A R
IR JZ AN A R = . PETRA-FS 741 [ IR IR AR B2, XA 0.07 ms, HAFUZEET UTE BRI
—HER M BERZ[11], X T2 HRBERGF, AR RECE PR RS, ik, S THREmEniiT MR
HWHITF . PETRA JPHIE LM CON T [12] #PE8[13] S Bz o A& [14] -

ARSI G AR B T A R OO R A AR A R s (L) R R B R B, AR O R
B AMIER B AMUE 25 e IR s A IIER. R R SRR . (2) HRE AMIECE ET A, (3) B
B AMUBR AR B )T BRI R AL J5 B8N, e A IR B 5 FE R I RT3 i g n . (4) TR
BRI, HRIEE S, BTG, R MBS, WIS IEEE . (5) Mef SMUTE i g )5 B RUR .
A SE[9] M IR R R et T R RV N SR R, TR A TG 2 R, Bl R BOR 2 B R

AWFFLE R TN, BE AR R AT G BT N, SR [ 15 A g SR — 5. hAh,
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XoF T PR MR )RR R R LA, AR 5T 45 SR, Ak R 7 AR 3 IR T AN R T 2 B SRR D 1.93
mm, PNy 1.44 mm, SRHHEFE[16]5E%F 5 47 AR SC T EAT S S g, U AN JELFE 43 5l 2.3 mm
Al 2.4 mm, UESE T BE AMUBR R R T . {5400 T80 SERR IR A A, AT 7045 SR /s,
Jir R AT T AR A B S A A IR R B

AWFRIR, EFEEFS . L2 WRE BEAAEZESR, MRS S5 R B TR 4 2ok
KR SEE R/ 2 /DA, TR AR A, R EOR ST R RS FR 0 0. I O
BHPE, WRBEXRTHR, NMEFRME. BT HEmEshsEs T L, EE3 T2 kiR
W, KATHCEIRIUEFEANIE . KUk, E3h&E 03T Re -5 PR B R 38 A7 76 Bk

AR, PETRA-FS JFHIEE T R 72, REREEhS{ES, 5 FSFSEPDWI P41
GRS SN N, WERE E5ES, £ FSFSEPDWI 54 EG F EREES, 58%E e
TG, TIEX 73« PETRA-FS J7 41 A /m B HE R 2 IR B LE N (FS FSE PDWI J7 541 2AREAE 5) M AEE5 fL 3K
HZE, SHERZE AR .

T2 mapping BEAKH 2 Bl B e R 7 5, S48ty E, il A 72 1,
AT T I A R A B, R K B SR TR SR A 4 AR FLOG R [17]. BREAERF R, fEBEEK
HIRARFRE IINE, T2 {EEE & . AT, T T2 HZRFE . AR EIEE(BMI) iz 3w K/ sgm,
B R IE A HEHES 7 7] 5 R WA < & e fr o 7 FE B A ONE[18] . RItk, T2 mapping J7 FIERT G158k
BT VRS 7 AT AE — € 1 R PR

T2*mapping K FH 2 [B1E b 2[RI 7 91, T2 AR () eS8t (R R S it 1 0B A 7K B B AR JER 4 4 1 528
T2*E 5K SEEEMK, SRFES4ESEZE OIS, HES0FR AR, BT HE 5 51 T2y
THie JRIRTTRE R, (ERFTE IR R, BRLF R mR, RIE R RAR, K& B n[19]. AH%E:
T2 mapping /7%, T2*mapping £ A FIPLALE T HINA E R G IHE, BHErER S H, ik, 7ext
ST R AR B2 W T SR UK.

AT, MERFET . Wb T2MEEARAAAEZR R, X5 Khandelwal Z5[20]8F 78 45 R4
AR, B RE T A AR RO N AMI B AR B ORI R R L X ) T2AEAFEE S, WEBI MR, K
HEF AR A AR EEFEEFERES, YRRy EENEERER, MK
B T2*E AT B2 1 A2 /N . T2*mapping FHEE & 913 PETRA-FS J3 41 BB U I VF A 13 30 N
HE S R it R B SR,

&E 3k
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