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The Relationship of Femoral Trabecular-Pattern Index and Bone Mineral
Density in Osteoporosis

Se 11 Suk, M.D,, Duk Yong Lee, M.D., Shin Young Kang, M.D. and
Won Kyoung Park, M.D.

Department of Orthopedic Surgery, College of Medicine, Seoul National University,
Seoul, Korea

Osteoporosis represents a reduced amount of bone tissue as compared with controls of
same age and sex, and common feature of osteoporosis is a state of skeletal fragility leading
to various fractures such as Colles’ fracture, vertebral compression fracture, femur neck
fracture, generally due to an inadequate amount of normally mineralized bone tissue, making
the skeleton incapable of supporting normal mechanical demand. However it is difficult to
quantify precisely its magnitude because of the variety of techniques used and the many bone
sampling sites concerned.

In 1970, Singh and associates®*?® developed a method for grading the trabecular structure
of the proximal end of the femur and reported that the femoral trabecular pattern index can
clearly separate persons with osteoporosis from normal individuals.

Cameron and its associates developed an accurate method of determining bone mineral
content by means of I-125 photon absorptiometry>®. This method is consistently reproducible
at the 98% level and has demonstrated agreement with ash measurement of cadaver bones
at the 97% level. A comparative study of the usefulness of the femoral trabecular pattern
index(Singh Index) and radial bone mineral content measurement by photon absorption was
performed in 75 Kroean persons above forty years old. 25 of 75 persons were fracture pa-
tients due to osteoporosis.

The results were as follows.

1. A significant difference in Singh index was noted between the fracture group and con-

trol group.

2. A significant difference in bone mineral density was noted between the fracture group

and control group.

3. A positive correlation was noted between the bone mineral denisty and Singh Index.

4. A significant difference in bone mineral density was noted between the fracture group

and the control group which have same grade of Singh Index. So, we believe that bone
mineral density is more objective and accurate than Singh Index.

5. We believe that both Singh Index and bone densitometer is useful in diagnosis and gra-

ding of osteoporosis.
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&4 % (osteoporosis)+ 2412 43} 1fo|e]
vl 3] Fok(bone mass)o] 74X Az £3
obF ofgt o Holx NEF HHFA, ¥ g
HEH FF Ao 4 9| wiFol 2 Ak g
TEY AL o7 FAEEY oo 8o FH

lony JAH o B = whgFulAld 47 A
2l 2ash emiM AT 4ot o4y
ok, #4313 (Osteomalacia) ol 7]Q13}# o

AFo ohpEAely dEF ARTH 5ol
2 o AT 5+ Qi) AR @A F
ZAY = 72AFAH Wyez T A
F o Y S 3, oA A S, 54
Aol 27t == 3t (Tetracyclin) A2y 2
(Triple flurochrome labeling)®*%-0] gl o v
P W2+ dEHF THY T4£F AR
(Singh Index), F4A&¢ ¢ &3 JAETF &
A, F2}F 4 A< (Photon absorpsiometry)
$ o] &3 TUx =4+ (Bone densitometry)®
W A A3 gt&= 3 o ¥ (Computerized Tomogra-
phy)®®, @2 A 2w (Radionuclide uptake) 7§

Principle compressive group

Secondary compressive group

£ Alet¥(Camptom scattering)” o AHAA L4
ZF A2 A% (Whole body neutron activation
of calcium)”%o] ¢t}

g vlAbA AbAle| A e T57]A (Bone Mi-
neral)#] 30% o] o] Zaslolol T2539 21
tho] Zh5dlr] wEol'® u|Ald wiste EAL
& E7hssla kAl A A4(Screeing)ol] A}
L3170 4 @& Yoz H7= = 1970
el Singh&® F24%F9] Ao =i 29
8] Z2o] F4FA(Trabecular system) (Fig.
17} 65bA 2 W 3lst= Z&(Table 1) g
1A ARl o2 BF3led Singh Indexzt A314
+d|(Fig. 2) Singh Index¥ uv]A %A o]z 749
st A FREFE AT W FFY WA g
Ego] HYx AFE 98 ASsz glth

196311 ¢f] Cameron3} Sorenon®>®.& #-&o 3
11258 oAz 48T 32 FHAXY
o] &3}ed Z2Ux (Bone Mineral Density :
MD)E FA3ts W& Audsgch o w4y
*9 FL£E I AT F T2
o] AAol f-&3l FAH AL A FAA Y

5 4 4 Az A¥=x (Risk)9] 4AHEo]
it A 59 o)A BomEM, A HA(Re-

o o

) ofy
fr ofy

Principle tensile group

‘Greater trochanter group

Secondary tensile group

Fig. 1. Diagramatic representation of five normal groups of trabeculae in the upper end of

the femur. Ward triangle is marked by W.

Table 1. Singh Index of osteoporosis in proximal femur

Grade VI : All the normal tabecular groups are visible and the upper end of the femur seems
' to be completely occupied by cancellous bone.

Grade
Grade
Grade

B2=2<

: The principal tensile end principal compressive trabeculae are accentuated.
: Principal tensile trabeculae are markedly reduced but can still be traced.
: There is a break in the continuity of the principal tensile trabeculae opposite

the greater trochanter. This grade indicate definite osteoporosis.
Grade 0 : Only the principal compressive trabeculae stands out prominently.
Grade 1 : Even the principal compressive trabeculae are markedly reduced in number and

are no longer prominent.
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Fig. 2. Diagram showing the Singh Index from Grade VI to Grade I.
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F o W) o AAF EFT A E-TA 108,
A 27} A (Intertrochanteric fracture) 13a,
AR 249 3RS FE3A ZgF, 9,
Alkaline Phosphatase & ZAleld &) ub4y Al
FA4 8 18§ AYgdas AL Y Aolqdch
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Table 2. Number of subject

41~50

Male
Control group

Female

Male
Fracture group

Female

51~60 61~70 70~80 Total
8 5 2 25
8 7 3 25
1 4 5 10
3 5 6 15

Fig. 3. Photography shows 15° internal ro-
tation view of both hips.

Fig. 4. Digital bone densitometer(Norland,
Model 2780).

Z+g 27} 718 $9k3 Alkaline Phosphatase+
25008 E9kx 50e) At @At l#le Fulga
BHgez of 247 FAHAY S22AAE &
29 HA90] Aieh

Al 2o A YRz} 400 1049, 50
i 873, 60cH 57, 700 2ol ofxbe 407
79, 50t 8%, 60 79, 70 34 % &£ 504
ojoich. FAFONAE WArl 5004 1%, 60ch 4
7, 700 540l =7t 409 19, 50e) 3+,
60l 57, 70ty 625 & 257 0| t}(Table 2).

2. AR Y

Fig. 5. Photography of marking distal one
third of radius.

EE 47 dAAelA WA Singh Indexg 7
3ldch Singh Index+ & A9 AF uf
A4 AL (Fig. 3) (Both hips AP)-§ n34d&
15° HEA A7) ¥l #Fodsle] 2HNE T F
a9 A 3218 FYS) 3} A} ddow
=3 % Singhe] 7]%&(Criterior) (Table 1)
o elshel AFBGET 3¢ dAo] HE o
€ Atolxs @4 AWEG Fo AAsADG
WAt ARl A gAE e Ast ZEREGAG
ARe Aol FA &g ASolw AFdAdPan
2~3W 9] AMEodolx EutFae]g ol o
A4 Adedch T FHAE A
u] $-9Z 92 (Non dominent forearm)s<]
WA AAe Bdstel AN 138 23 3
A" (Localized lesion)o] g+ AL 393l
% Norland#}¢] Digital Bone Densitometer
Model, 27802 A}&3te] 27319 ch(Fig. 4).

A o e 2 1125 (dbgtr] 1 60%)
& oo 2EAE v$AS Qv
F5(Olecranon) ¥l A HZ HAE| 7=
o] F AMAl A9 1/30] BAE & FH o] A
83¢ A9 (Fig. 5) d¥z49 FAE
ol & 23F H4LE Folr] A =3
oA EA(Tissue equivalent material)q) &
F571 Eodle ZAYAR Ao AgHE
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Fig. 6. Photography of measuring bone den-
sity.

o4 4 FPdo] o] FARNEFFH Fo 4
8} H(Fig. 6).

(Bone Mineral Content : BMC), #%(Bone
Width : BW) 3 &4 % (Bone Mineral Densi-
ty : BMD)+ #HFelo] o8 5oz AlEE o]
2 427 astmst g4 el hebdeh(Fig.
. AYEE Fo)7] A8 1909 A2 Wie=
22AE 43 4RG3} FERE Asich o

RESULTS :

BMC(G/CM) BW(CM)
0.773 1.078
0.770 1.145
0.772 , 1112
0.789 1.345
0.776 1.120
0.0067 0.0320

Z73 FA39 Singh Indexst FU=9| A7
& vlwsln ttestZ AAINP o chA] A
W2 8@ &4 33 Singh Index?] FFo &
FUxe JFAE FIHRL F 4 Aleld 4
BATE F3AS

o7 @it
1 #W2 24

% 258|F A7t 102 =7} 1582 A =}7}
dAtel] wls] gtes FAF HFAYL 645
Agdck & 258 2] Singh Index9 HFA &= 22
t1lle|glon T HFA+ 0427101 gm
/em?o] Qich(Table 3). 25812 21#|7} Singhe]
71Fol 9% 43 Fx4F(Definite osteopo-
rosis)]l 4u]ulolgly 4El& 4o]4to|icth F
=& A7} 0.5500] 54o] ¢ th(Table 3).

2 HZ2o| 24

F 508%F @xb7} 253, oizr} 253|gew
% 508 2] Singh Index®| HF=]+= 4.2+099]
or Tz HFAE 0641+0.1 gm/cm?o]

BMC/BW(G/CM/CM)
0.717
0.672
0.694
0.680
0.693 MEAW
STD. DEV.

T

Bone .

B
' T

- Bone

Baseline- "~ Baseline

Bone width
b

] ¥ 1

BLCR R=3123
BLCR L=2910

Fig. 7. Bone densitometer was displayed on the Screen as digit and graph.
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Table 3. Sum of fracture cases

Case No. Diagnosis Sex/Age Singh Index BMD(gm/cm?)
1 Femur neck fracture M/77 2 0.397
2 ” M/72 2 0.355
3 ” M/77 2 © 0370
4 ” F/79 2 0.352
5 ” F/80 2 0.316
6 ” M/66 4 0.554
7 ” M/72 4 0.484
8 " M/68 3 0.318
9 ” F/80 1 0.312

10 ” F/62 2 0.343
11 Intertrochanteric fracture F/67 2 0.351
12 ” F/65 2 0.337
13 ” F/67 2 0.302
14 " M/69 3 0.312
15 ” F/46 4 0.494
16 ” M/56 3 0412
17 ” F/59 2 0.349
18 ” F/78 2 0.303
19 " F/56 2 0.351
20 ” F/55 2 0.353
21 ” F/67 3 0.409
22 ” F/72 2 0.301
23 ” F/66 4 0.482
24 Compression fracture L1 F/74 2 0.313
25 Compression fracture T10 F/76 3 0.411
Average 68.2 25+0.8 0.371+0.06
BMD : Bone Mineral Density
Table 4. Sum of control group

Case No. Age/Sex Singh Index BMD(gm/cm?)
1 M/46 4 0.738
2 M/64 6 0.828
3 F/52 6 0.816
4 M/41 5 0.71
5 M/47 5 0.522
6 F/41 5 0.65
7 F/65 6 0.812
8 F/55 5 0.744
9 F/64 4 0.466

10 F/66 3 0.51

11 F/68 4 0.546
12 M/53 4 0.664
13 M/57 5 0.676
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Table 4. Sum of control group

Case No. Age/Sex Singh Index BMD(gm/cm?)
14 M/63 4 0.503
15 M/67 5 0.589
16 M/51 3 0.619
17 F/55 5 0.716
18 M/61 3 0.566
19 M/58 6 0.808
20 M/62 5 0.656
21 M/58 3 0514
22 F/48 6 0.79
23 F/67 6 0.857
24 F/50 5 0.68
25 F/41 4 0.506
26 F/47 4 0.569
27 F/57 4 0.468
28 M/47 5 0.7
29 F/57 6 0.675
30 M/51 5 0.675
31 M/56 5 0.776
32 F/46 5 0.677
33 F/54 4 0.585
34 F/49 5 0.604
35 F/47 5 0.648
36 F/66 4 0.552
37 M/75 6 0.583
38 F/58 6 0.686
39 M/45 3 0.491
40 M/47 6 0.865
41 M/44 6 0.816
42 M/46 6 0.807
43 M/46 5 0.793
44 F/65 4 0.515
45 M/56 6 0.854
46 M/54 4 0.526
47 M/76 5 0.754
48 M/72 5 0.686
49 M/73 3 0413
50 M/78 4 0.526

Average 56.26 48109 0.654+0.1

BMD : Bone Mineral Density

¢ c}(Table 4). Singh Index+ § & Ato]ollA t-testd 4 P-

valueZ} 0.005¢])3}8 FA|Fdo 2 F2odgon
ZTYUE% t-testd 3} P-valuer} 0.005 o]dl= ¥
Adez §osgei(Table 5). 3 5 whgol

3. FETI =F Aloje] Singh Index2}
=3 Te Him
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Table 5. Comparison between fracture and control group

Fracture group

Control group

(N=25) (N=50) t-value p-value
Singh Index 2.48+0.81 4.8+0.9 t=743 p<0.005
BMD(gm/cm?) 0.371+0.06 0.654 +0.1 t=5.94 p<0.005
Age(Av.) 68.2 56.2
Table 6. Comparison in Singh Index with age
Control Fracture t-value p-value
41~50 49+0.7(N=11) 4(N=1)
51~60 47+0.7(N=16) 29+04(N= 4) 2.8 p<0.05
61~70 43+0.6(N=12) 28+ 1.0(N= 9) 4.7 p<0.005
71~80 41+06(N= 5) 28+0.8(N=11) 3.4 p<0.005
Table 7. Comparison in BMD with age(gm/cm?)
Control Fracture t-value p-value
41~50 0.676 £0.09(N=17) 0.494 (N= 1)
51~60 0.664+0.1 (N=16) 0.366 +0.002(N= 4) 2.9 p<0.05
61~70 0.618+0.1 (N=12) 0.378+0.09 (N= 9) 4.2 p<0.05
71~80 0.591 +£0.09(N= 5) 0.355+0.03 (N=11) 44 p<0.005
Table 8. Comparison in BMD with grade of Singh Index
. BMD{(gm/cm?)
Singh Index r—— Corral t-value p-value
6 (N= 0) 0.784 +0.08(N=13)
5 (N= 0 0.680+0.06(N=18)
4 0.503+0.03(N= 4) 0.550+0.07(N=13) 2.6 p<0.05
3 0.410+0.01(N= 8) 0.518+0.06(N= 6) 3.6 p<0.05
2 0.354 +0.01(N=12) (N= 0)
1 0.312 N=1 (N= 0)
235 2A2H} HEF Aoldd FAHoz &
@ Aol g 2ich Aol HE slmelAE o o &

A47t AL 40 E AYdtae e AFolA
EAADoZ §23 3}o]E B} (Table 6, 7).
Singh Indexe| w& FYU=E9 HFXE FF
7ol wEta] o] Tidle Aoz el
21} Singh Index 48} Grade 304+ 72 &
FHoE 7% d2E AT AbeldlA
FUse HAAst G2A veistci(Table 8).

4. Singh Index®} R To| AHTIEN
FATH d=27E AR g3l IAAAAAEH

(linear regression analysis)-& A| 33}y Aat
A4} 08322 L1cH(Fig. 8).

vol 7} A A]»Q-,] #5714 °¥(Bone Mine-
ral Content)-& 74314 =lvd oW AlgtEe
ot 29 4% 04 N4l G T
o] A7 ARG stgoma® oy Alge
47717 B ARE Foke 4l AzEd
I P o)A A Al ¥A4o 2 (Physio-
logical osteopenia) WARAl ARl 4] -89 9]
Z7}(Increased radioleucency)r} Qlowixs H
29 WYL HuksiA ¥ HA(Ho =z Iy
Re) Azt golAlE o 473 Y4Hez
£ 340 e Aoz YdHez Pobgeld
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N=75

0.9 r=0.83
0.84 p<0.01

&

0.7
0.6 *

¢ ecceoes see

0.5 o

0.4 [

s;g .

0.3 ¢

Bone Mineral Density (gm/cm?)
-

0.2
0.1

T T T T L4 T

1 2 3 4 5 6
Singh Index

Fig. 8. Correlation of Bone Mineral Density
of distal 1/3 radius with Singh Index ; There
is significant correlation between the femoral
trabecular pattern index(Singh Index) and
the radial bone mineral density ; r : correla-
tion coefficient.

3 gtk BREFE A4S A3 volo vl
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N
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o
s
T

Zad A A Jgozs FAH fub

He F9 949l okadztn Yozt
Lane} Vigorital"£ EF243& F%o] £4
o AddEA GAA 244 v e F FaF
o e JeldAY 2L JAdez 2HE
Fushe Aeicty Zgdoz Ao
Jaworski'”+ F7}4%(Osteopenia)® T =
%% (Osteoporosis) ¢ F#3dtd ARe F7|T
Aol 7443 Aeigtn T e FAE v
7} & ol(Irreversible) TR 4AZF o 24 F24
ze Yulgroz $3Pe Brz s B
o] Zad Adaln FAHe=z Hosam 9
% 2o et Asgdes 2o w44
(Collagen) =& F7|4 9 AAY o2 3y
BASAY B4 FALT WAREHD ofo}
= FAE #F59 w3 = Fo}A L(Osteoblast)
859 74, 3FA E(Osteoclast) F%2 Z71,
=& o YA BEYOD AT S F2Y
(Negative Bone Balance)uij2ola}x Alz}bs]=]

W ok F2eF Ul AR Y A
lgude F9sla e Aelo Qo dx @
e A} AAFel Uk AR B2sE
< 5HE o] WA e Euy zeo
¥ 4oz oo kold BREZAM o
HE ASLEA, A3y otz 5 of
g FAEL F2 alo 4 2 A 5
34 A% 715N E Ao oglrhx Azg
Tl o8 z7)o] Almdoll 7= o)z A 37
Aol ExEFS 2o Y 2 ool Ba
4e o £2¢ Aoz Azun

2 dTelAdE FAFe HFARL 64542
zFel vls Y53 Egtoo 258F 1585}
dqoz W4t BAw BEEZ) 9T T

2 A4 ¥ 4o A HEggE RS o
T Ak A AN Ex42g 2
Res AL Holx 30% ol4e TR
o) ZH4sofok s 1970\l SinghEWe =
A HEFE AR 450 Fuuigz 53¢
AHele =9 HEEF #4323 (Femoral trabe-
cular pattern index : Singh Index)& 43 3o
A 29 dEEe greddes zx42e o
Tzl b FL o)z whye] zinialy
ol W& A, A, FH5o o3 W) go
Z%(Bone Quantity)® ol TZ(Structure)
o] wistell o3 FFo] AAHE FAo) Udn
shsic

Singh™& o} o] zAsAq Fz4iz
%5 (Histologic Grade of Osteoporosis)z} A}
A4} 08124 £ 2 A4l Yomid F e
o 4} F24F $AE Aes 7Y 4
A 3£ Singh Index: =31 oA}
of w& ¥4 (Reproducibility)o] cixts| o
I THE 67MKEg J5r] a e e W
S 4%8E 4 HE 5 o] wol AR
ol H&d ARE ArJ oHddn 3G
AP gk § eake] B A b
$2 AR} Rol#hr] WEe) N FAAE u]
a4 e A4 Yt

& d7eAE FHF9 Singh Indexs] HF
A7} 22+11, 279 Singh Indexe = F=
7} 424092 3944 t-testol] A P-value7} 0.005
T FARL FelT HolE 2ol wh glo]
Singh Index+ F24Fol o3 49 9g=
ANHAE 4 2l Hoz AAsPont 7
T 2A2H A2z Aolel BUE ¥

o

o

=
2
(o]

o
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X7 t2A UekA Singh Index+ 253}
Satel @e AR Aodsh g 4 2l
Ae 248 4 Ak

HzF 4 A2 (Photon Absorpsiometry)$
o] &3} Flx o &42 1963d Cameroni} So-
renon®*®o] Ao 2 Audlgen oz AFE
o olsted 2% W9e] 2.3 doE 3431A
%E F& whelstn 2asdd o] W
%.3] lodine-125(27.3 KeV)o]1} Americium-241
(59.6 KeV) & wWALA oz flog Alg-3le] o
vz oz ie sl gl o ix] F2(Mo-
noenergetic Photon)Eo] &3} AEzAL &
# dlof} A7t FoE2 AL F34E geR
B zL(Attenuated Photon)E-2] k& A& 7}1=]7)
S B ste] TUEE ALHE Aol

FAFE ASgol 9% 2UE FRe F
39 FAEe Fe FA2 EAG] Ag] o
A ASHE EAZ sty vo AR
A Eg & Qlo] A5 B Fokwste] FA] B oo
2 FHY HYE=E APHoz AA3H
Z + Ag Aoz A=A eAFHHA
"7l wlfel FUEE FA3= Y7 9

o2 Friglol gtk B oA & Norland
A}¢] Digital Bone Densitometer Model, 2780
g Agstel WA A9l 1/39) 239 TR
A4 BE3 YLE ZRaEd o714
27714 oFoladt wel Aolw FAAA A
(Mineral Ash Residue)g =ile Aoz 1
cm Zolo] A5y F& A4AA HEln 2
7149 Azg vty FFHFL 7 AAEF AL

=2

o)g) AzE ofe)an A%

fr rjr

A+ 5
F50z iy Aoz B2439 A9 % 5
B4, 24 AY=e A4 Sl AT + 3
A&7} ek

Fae) BrlAGe AN oML 2l
S AEel® U4gaFe FUsE £ AN F
Ax & 33ty & 4 ¢tk Grubbs} Talma-

gAY

rir =i

g"5e 8% UNY Smmel F4To] FehAl
of FH WA Wt el L9 5 mme

FUE 3740l GIAA W Ao

0.641+0.1 gm/cm?o. 2 1} 8} t-testol| 4] P-value
7} 0.0050] 312 EAIHo 2 §o¥ Ao]E B
i Singh Indexs} T4 s Azl ARAF=
08302 oA o] FrtA] e HA= F3I
245 93 T2 JFEE AAA F
4 oltkx M7= ) Singh Indexyt = F
Ao 779 Artgoe] 9lu F FAAhbHzE
AR A s AL afet AAA 7} 0.82~0.92
A Aedsl ddAel glctn B wdle AR
A3t EAH A#AAZ AY godn F
75 st 59 E=dho] Qloy =T F
7boll wE FR4Fo ¥ FAH FARAE
B AT AT H2F AleldA P&
Aol & ehigwd o] F HAMo| EX2EF
o] At o FFBA 2ejz FHY HY=EF
A A sl Fa odubsle dloj AA o] FE&3H
ol Hog AQY7HEch

2 E

22539 A% 9 579 VAo LA 2
ol Singh Indexs$} %9 |F844& <l
2 % o AbolS) 4BBAE FHHI Aokod
2 Agdzta o FyegdaddAs
1986 94X 8l 1987 8Y7tA 17} 404 o]
49 A4 YF 509 EEEFO AT 2
A 3= 25904 Singh Indexst FAFS AS
He o8¢ TUSE 2AY F vlnEHsiel
Ges 2e AEE s

1. =273 ZAF Atolol 4 Singh Index+
FAHoE §o8 Aol E B3k

2. 27 AT AeldA FdEv FA4
Mo 2 £ AolF Bt

3. Singh Index$} T4 x A+ A3A4 4 0.83
o2 $9% 4RUAE epustch

4. 543 579 Singh IndexF 714 &3
3 Bz FUE AAAY FFo] A2 o
A YebbA] Singh Index+ ISt AR &
Aol 42 ARgH AW Aoist 47
¢ ez Asssich

5. Singh Index$} TU& AHA: 3 F=Z
£29 A% % FFVA F4T A2 A8
=t

T
1=
[s]
-
A
T
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