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Examination of osteoporosis evaluation by muscle volume around the femoral neck using
MR images
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[Abstract]

We investigated an alternate method of diagnosing osteoporosis by measuring muscle volume around the femoral neck
from hip joint magnetic resonance imaging (MRD), and assessed the accuracy of these results compared to DEXA-based
bone density measurements. The axial of the Ti-weighted image of the hip joint was used to measure the muscle volumes
of the tensor fasciae latae, middle gluteus, and iliolumbar muscles near the femoral neck.

Muscle volumes of the tensor fasciae latae and middle gluteus muscles showed only low correlations with bone den-
sity (r=0.33 and 0.45, respectively). In contrast, muscle volume of the iliolumbar muscle showed a moderately strong
correlation (r=0.67). In addition, there were significant differences in muscle volumes between the non-osteoporosis
group and the osteoporosis group for each muscle, particularly for the iliolumbar muscle. Using a cut-off value for muscle
volume of 15.6 cm’, the iliolumbar-based diagnosis of osteoporosis had 81.0% sensitivity and 93.9% specificity; this was
the highest sensitivity rate for any of the muscle results. We suggest that bone density and osteoporosis can be adequate-
ly evaluated and diagnosed using iliolumbar muscle volume as assessed from hip joint MR images.
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BMI) 1321540 TH -1 (Table 1). 705
FEARA D KRBRE SHER M 2 - 7e. FilE mm
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w5 REFT ©3172).
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1B BAET MRS T SR IR O KRS % VT,
IR S 0 30T KRR AR - v B 95 - WA D 3 A
AR EHIL 70 (Fig.1-a). FHUR G B BTG
k7 6/NEF- 2 TE LT (Fig.1-b). MiAAEROFHI
CHWCICMRERD A 5 4 AJEE, 4O B MRI
BAE TRV TV 2 4.0mm 2 U, KBS RG>
L/NEFZ T1IATA AT OEMAZ b v—A LEHI
PITo 10, FRCERPBEMOERO 7 7 22 H
VT, MRIE§ED A Z 4 AJE%3.0mm»* 5 7.0mm %
T 1.0mm FRETALS &, EHABMOFHINI /AL
124.0mmD AT 4 AEPEELL G L PREELIC.
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Table 1 Patient characteristics clumbarimuselers | Tensor foscae atac musdle
Sex Males (n=38) Females (n=112)
Age 70 +11years
BMI 215140
Osteoporosis n=117
Non-osteoporosis n=33

Osteoporosis Non-osteoporosis

Hypertension n=40 n=11
Diabetes n=18 n=6
Dyslipidemia n=12 n=8 Fig.1-a Tracing method for each ~ Fig.1-b Measurement range
Smoking (past smoker) n=11 n=4 muscle volume
Chronic renal failure n=12 n=3 Fig.1 Measurement method for each muscle volume
Hyperuricemia n=3 n=3
Dialysi =4 =2 s -
Y " n 1-4, BEOHINEEORIE
Rheumatoid Arthritis n=14 n=4 e ) k A
Spinal canal stenosis n=9 n=1 EHADBLAO IR 7 f bow MRI%LVC%{% L.
spinal compression fracture n=17 n=3 3RICIAT 2B DAL OFHIRGEE & Bk L 7e. 3Rk
Esophageal cancer n=1 n=0 7 7 v M LD, KT 7 b L OEM P S RIET
Breast cancer n=5 n=2 WL, BEELOMNRERFEL LI WEA F 4 AE
Lung cancer n=8 n=1 1% 4.0mm E L7e.
Liver cancer n=3 n=0
Colorectal cancer n=5 n=0 e ) i 2 ST
R 1-5. BEHABHEICHTDHEERDBERE
ectal cancer n=2 n=0 ——
Prostate cancer n=1 n=0 %ﬁﬁl’/ﬁl"ﬁ?*ﬁiiﬁh‘f, (EUIHE%LS J\T%ﬁ%l’i‘]ﬁﬁﬁf3 07
Bladder cancer n=2 n=0 WIEHE L, 0 O TR 2 SR L 7. 3O L
Renal cancer n=1 n=0 SR E L THNAHBER % (Intraclass Correlation
Ovarian cancer n=2 n=2 Coefficients : ICC) #Hw7c.
Endometrial cancer n=2 n=0
Dementia n=11 n=1 .
: 1-6. BEE L ZHRABEDRER
Heart failure n=10 n=2

J3:1-3. TEHI L 70 & AR &R SO
HEORRER W2 e B 2R 1.
Table 2 Imaging conditions for DEXA

DEXA 1-7. EHABEICHF D Receiver Operating
Tube voltage (kV) 100/140 Characteristic f@tf
Tube current (mA) 19 B SR O B L 3000 T, APRLRRE & B0
Measurement distance (cm) 20

NICIITHEG] & Bk, B B EEACIEH 72 334EH & k&
L L, HMAAERICH% T % Receiver Operating

Table 3 Imaging conditions for MRI Characteristic (ROC) f##r 2170, KHAEED
Sequence Fast Spin Echo T:WI Cut-of fHZ 5 L 7. FHEREDZWTIE, YAM<70%
FOV (mm) 340 x 340 #T-Score <-2.5 THMEAEL L7V, & CIERE
TR (ms) 474 B REEOHEE 2 IR L Tu 2 BRI L 7.
TE (ms) 8.1
AFVAe rgg)e 1:0 1-8. BFAEO Cut-off EDREE
Gap %) 0 ROCHHHT T 6 N 7e Cut-of (I HER S L v, I
Band width (Hz/Px) 200 FLO 150EH] LBz, AR B 6 L 3F I
Slice thickness (mm) 4.0 Lo THAEA I 30ER 2o L, ROCHHTHE KD &
Imaging direction Sl direction BT fs & R EDNE > S IBRABRPERIIL, E2
Receive coll Body Matrix Coil B

FA @ 25 (361)
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RS N o 163 Spearman O N AH B R £ &
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¥\ 5 BN OMRFATE, ML HEERS N
BEEAF 2 —T v ik, IEBESHERE S L
o 12854 & Wilcoxon D55 R ATR E % H «
7o p<O.OSTHEADY E LI

2. & R

2-1. REHAICHITZ RS 1 AEDEE
BH300.0cm’ ThH b 77 P22 L, MRI
BfED A 5 4 A %3.0mm#» 5 7.0mm & TEALE
It SOEMOMWER R E/RT (Table 4). MRIOD
Bl A 5 4 AERIEL 3 5 LRI L 7o RE B eI
BIRLICH, BAEL ORI 2.5% T Th - 7e.

Table 4 Volume measurement error due to
difference in MRI slice thickness

Slice thickness  Measured value Relative error

(mm) (ecm®) (%)
3.0 302.87 1.8 0.96
4.0 303.14 +£2.3 1.05
5.0 305.10+2.7 1.70
6.0 306.77 = 3.1 2.26
7.0 307.23+3.9 2.41

2-2. BEDHABEDREE

#R752800.0cm’ Th 2 EkA 7 7 » + & % MRI %%
ETIEL, ZOEFE 3RS TR L 7ok
B, 2815.1+29cm’ TH Y, HIxaE#130.54% T
Hoic.

2-3. BRHMABHELCHITDAEEROBERLE

FHARFR B 2 WEF MO I, £To
HRAR I TECHBRMEZR LI ICC=0.964)
(Fig.2).

2-4, BEECRHABEORER

THELEHAEROMAE X, Anderson-
Darling# 5 D&%, EHRSAZR LIS (BHE:
p<0.0001, 7k B 5 5 38 15 © p<0.0001, FtJ& #j -
p=0.0006, Bl p<0.0001). & - T Pearson®d#
A It 2 > THIB 2 A L 7e. KBRGISSRRS &
RERESEROFEE, MR r=0.33 THHCHEZ
mLc (Fig.3-a). % 7o & KRG SR8
&, MBI r=0.45 THRCMHBZ R LIS (Fig.3-b).
—J5, Wl & KBRE SEI 5 %, MBIRE
1=0.67 TR IEOMEZ/RL T (Fig.3-c).

2-5. BHABEICHIFS ROC #EFT
EHABEROMITE G IEREZRD 2, A
Fa—7 v btER I KOG EEH
ERRE LB HIRER CH R PRSI (Fig.d). KB
B OBTED, R LB T b ARE
b - I DBIERTH - 72 (Fig.d-c). KRR
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Fig.2 Repeatability between measurers in each muscle volume

26 (362) & HABHBEEIIZEE 2023, vol.70 no.846



ERERAVARBRBREOHASRICS S BESETMORE

1.00 1.00
. N
0.90 0.90
N
s o
£ 080 £ o
o o
= <
50 0.70 Kl
> >
= 2
2 0.60 2
[ @
hel ©
@ 0.50 w 0.
c c
a ]
0.40 N
=| a . a
It r=0.33 Iy B r=0.45
. PN
0.30 o . p<0.0001 0.30 Lt . p<0.0001
10.00 20.00 30.00 40.00 50.00 60.00 70.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
Tensor fasciae latae muscle volume ( cm?) Middle gluteus muscle volume (cm3)
1.00
0.90- ) . . . ) .
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~ . .
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Z
G
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[
hel
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Fig.3 Relationship between each muscle volume and bone density
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Student's t-test
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> 40.00
o
g 1500 P<0.05 (p<0.0001) Fig.4-a Comparison of Fig.4-b Comparison of
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§ 00 osteoporosis muscle volume of | osteoporosis muscle volume of
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@ 2500
o]
a
3
£ 20.00
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@ .
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3 P
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5.00.
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Fig.4 Comparison of each muscle volume between osteoporosis group and non-osteoporosis group

HOMABRED Cut-of i % 27.3cm’ & LIy, 2-6. BAABTED Cut-off [EDIRAE

HEEDBMNL, IEEES9.5%, JFRETS.8%N ThH -1 HHFREDZW DI 36 & AN H P> - f:ﬂ%ﬂﬂ

(Fig.5-a). TEMOMHAROZERE 34.7cm’ £ L 12H; B % H T, MVER (2 EE & A7 30 B OB
FHERE O BN L 72.4%, FFRE69.7% T 2R OERZHE LR, IEFERE (10ER))

H - 12 (Fig.5-b). MR O A OFAE O Cut-oftfii & B TIERHE80%, HHEMER (200EH) k0T

15.6cm’ & U 7eHidy, AHIERAE O BB IWH3 R EE 81.0%, EZFE100% Th -7 (Table 5).

FFREE93.9% Td - 72 (Fig.5-c). WM O A%

Wi b AREAE 6T 5 IESRAE  o T

Al @ 27 (363)
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AUC=0.718 AUC=0.742

AUC=0.928

883888
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020 0 To00 020 00 | 060 | 080 | i
1-specificity 1-specificity 1-specificity

Cut off Value:34.7 cm?

Sensitivity:72.4%

Specificity:69.7%

Cut off Value:15.6 cm?®
Sensitivity: 81.0%
Specificity: 93.9%

Cut off Value:27.3 cm?
Sensitivity:59.5%
Specificity:75.8%

Fig.5-a ROC analysis of
tensor fasciae latae muscle

Fig.5-b ROC analysis of
middle gluteus muscle

Fig.5-c ROC analysis of
iliolumbar muscle
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Fig.5 ROC analysis for each muscle volume

Table 5 Accuracy of Cut-off value of iliolumbar

muscle
Osteoporosis  Non-osteoporosis
n=20 n=10
True positives 20 8
False positives 0 2
Accuracy (%) 100 80

3 Z =

BRI 7 7 >~ b 22T, MREED % 5
4 AE®»3.0mm» 5 7.0mm % T1.0mmE kg T%
fbs ¥, SHARROFHIZAT - 1oRE, HixFiEE
250N TThotz. Lo THMAREOFHINHHE
L724.0mmOMRBIED A 5 4 AJEIX R U ThH D L
i onhie.

PRV EHOIKIK 7 7~ b 22T, 3RICHRHT
FE 51T B A OFHIRGEE 2 MG U TSR, AR
#130.54% Th 1. & - TEHIE N2 HABEDE
MR EC EE 2 LR

EMRBREZ OO THIER S A THHARR Y 3
R L 7CHER, A TOMRNERIC BV TR EBIEY
monr. ko THEEMOBHARRORHXEEE
i, KBESEROEHEE L OMBIATE S &
Zzohre.

KBRS 3o & OFRBRT O M A & KR SR
DOFEEIZISCHED R bl 2 CBEGOR
T & RERE SO BB X M A & e
PR LB E LT, EEIC L > THRCA
WY, FEESHEFRFSND 2L THAPED 6
NctEions. HIZADLAKT L, BRI
THIETHESEAL, BHEEORRK LS LE
26N> FROW, BEERHHOREL Lk
BHLOMCEERME D2 LHEL T2, B
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JEBAE D FEB (< 5\ TARBRABLRS, (3 B BT D
JE MEB ORHBI A BEE], s (38 B SR O &b E ) -
HHU, BBE OB A o TG T 00 Y,
RGN & BB 3 R SEER D B E & 55 Al
MZRwictEZ oNs, BHECNT 2 BEK T
D552 il 2 70D LB LRI OB AT 4 7 R
G554 %17 - 72 (Table 6). HEEIX A & BIE,
OERPEEICEEL Ture X - THeBIET MR {5
PHCTEEHOARZFHIT 2 2 LT, KRGS
DEEEPTAT S 2EEELD 2 LE 2 oML
BHEERE L EF B TR TONRAER THEAE R
wIs & o TREESHH OB RER, HRER Y
LT tE2ons. ROCHAHTRERL Y, WY
D REM O Cut-offfli # 15.6cm’ 12 L 7e &,
HERAE D BN IR IE 81.0%, HFHEEE93.9% Tht b
WIEZELE O NI BB O Cut-of HORED & L
SBMGEL SRR, BOUCIEBETh o1 X » TARWE
72 TRD IHIER O Cut-of fIlIZZ U TH s L £ 25
A, BT MR 15 2 F > C B IS OO 15 A 258G 2
T52LT, BHEEOBWPIRETH L LE L LN
5. Lo L, BEFHOFHAERD Cut-offfli% 15.6cm’
LIS, IERERC SO TBHLERE £ 2 L IR
Whote. TOREGNEERBAERINT 2 ML - B
JRIG - BME A BB R Do bEtir R LI E
Eronic?. 2 LIBEROMAEREO Cut-of iz

Table 6 Logistics regression analysis of multivariate

analysis
Factor Logarithmic value P Value
Age 2.782 0.0017
BMI 0.244 0.5706

Tensor fasciae latae
muscle volume 0.196 0.6365
Middle gluteus muscle

volume 0.251 0.5613
lliolumbar muscle volume 5.695 <0.0001
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15.6cm” 12 L reHidr, ARBFZE O 1o KB E S o1
BN IEHRET H - 72 339 B 2 e 61 238 B 1k % 7R

LI, ZOERIE S, FEBERBCEIMIL - BERAE -
B D 3O BHEE RICH > I BltErRLict
Zr o, BEHOHAERD Cut-off (EOEH 6 L
SEMGEELICRIRE PIEL L.

ABFZED BT RS, 1B BT MR {5 O BrGHEPH A =
4 COWIER - RERFHIGRA - P K- Tww
2w, KIRESHROBEE L OMRERDZI2HD
FENTHERICED L Y CEBT 2 AHTHL L, &
TCREBER MRk %1%, WM O NER 254 5 %
TR ZEL, KRESEHOFEEOR LTI
HHTIROWILETH.

4. % =B

KERSSHER DB BT, B ORI L AHE %
RLTZ. & o TIeBIT MR {5 2 FIH U IR O
WHERBZPEHIT 2 2 LT, BREOM? T2, M
RIEOZWO—Z7 2 2 LARIBI NI,

I
AFFECBIL T TBIE2THS X L 7CochMER S e
TR AT R AR IR R L 2 5

SR
HIHEH B L OHEHEB PR TS IR
7w,

ROFHA

Table1 BEEBR

Table 2 BIEESREDERTSIH

Table 3 MRIREDIRERSM

Table 4 MRIERDRAZ1 RAEDEWVCEDBEAERE
Table 5 BRESDEHRAREICHIFDCut-of [EDIEDE
Table 6 ZZEE@FTOOIRT 10 XEFDH

E DEEA

Figl &BAREONESE
Fig.l-a &HBABTEON —RE
Figi-b &EHMBBOFHAEEE

Fige &BRARCSIZIEENOBER:E

Figd &BAOEHEEBEEDOER
Fig.3-a ABESHIEER - BEEDEF
Fig.3-b R BEEDEIR
Fig.3-c IBEHCBEEDER

Figd SEHOREICHIHEERERS EEROLE
Figd-a ABREFIEIERRCHIT 5B ERERY R

DHE

Fig.d-b "REREHICHITDBIRBER S ESBOLE
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