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Reliability of Singh Index with the Dual Photon Absorptiometry

Nam Hyun Kim, M.D., Chang Hoon Jeon, M.D. and Kap Bum Huh, M.D.*

Department of Orthopedic Surgery, College of Medicine, Yonsei University Seou, Korea
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Osteoporosis is a metabolic bone disease characterized by decrease of bone matrix, resulting in
generally reduced bone mass, and the diagnosis and grading of progression are assessed by many
methods.

There are Singh Index as a simplest. method, for grading the trabecular pattern of the femur in
pelvis anteroposterior X-ray, and the recently developed Dual Photon Absorptiometry which mea-
sures the bone mineral contents in the lumbar spine(L.2-1.4), femur neck, Ward’s triangle and tro-
chanteric area.

Study for correlation between the Singh index and bone mineral contents measurements by Dual
Photon Absorptiometry was performed in 36 normal Korean persons and 35 persons with osteopo-
rosis.

The results and conclusion were as follows;

1. A significant difference in bone mineral density at each area was noted between the control

group and osteoporosis group.

2. A significant difference in Singh Index at each area was noted between the control group and

osteoporosis group.

3. Positive correlation was noted between the mineral density and Singh Index.

4. We think Singh Index is a useful method in the diagnosis and grading of progression of osteo-

porosis.
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Dual Photon Absorptiometry(DPA), Dual En-

ergy X-ray Absorptiometry(DEXA), Radiog-
rammetry, Neutron activation analysis, Quanti-

tative Computed Tomography 5+ '%%0o] ¢]c}.
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Fig. 1. The Normal Trabecular Pattern. The
trabecular pattern reflects the compressive and
bending forces on the proximal femur.
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Fig. 2. The Singh Index describes the tra
becular patterns those are present.



7%, 50t) 973, 60t 9%, 700} 185 F 367 ]
At ExFF oM FA7} 50T 3%, 60T
59, 700 290X, A& 40t 19, 50 5
9, 60t 149, 70t] 57 o] A th(Table 2).

2. AUy
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AN FEF nady AF BAAALR ) A Singh
IndexE& -39t} Singh Index¥ SinghZo] F
3 71% (Table 1, Fig. 2)& & &A 8 3¢
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£ 3} Lunar Radiation Corpo.9] DPAZ3 7]
(44, 100Ke) & Al&-3le] g3(L1-L4), 8=

Table 1. Singh Index of osteoporosis in pro-

ximal femur®.

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

The principal tensile and principal
compressive tabecular are accen-
tuated.

The Principal tensile trabecular
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 indicates definite
osteo-porosis.

Grade V:

Grade V:

Grade I :

Grade I : Only the principal compressive

trabecula strands out prominently.

Grade I: Even the principal compressive
trabeculae are markedly reduced
in number and are no longer pro-

minently.

Table 2. Age and sex distribution

Osteoporosis group Control group

Age Male Female Male Female
40-49 0 1 2 7
50-59 3 5 4 9
60-69 5 14 3 9
Over 70 2 5 1 1
Total 10 25 10 26
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AR, AAR L Ward’s triangled| A Z4d &
g F434AL, 99E g/em’e 2 e
Atk FAXEE AFY(0, 60tH) %, &+ B
¥z Yz F24F 79 Singh Indexs}
TUxe PAAE H @sly, Wilcoxon-rank
sum-teat® HA3}I, A F wgAlele] A
ABAE F3A

of 7Y
1 Z2Y 24

% 368 % FA7 104, =7} 1639 o,
BE AR L 5944, AFHAE 43A4A 81
Al At}

Singh Index¢e] H T A+ 3.91+0.769 3, &F
4r Paxe 85%$ 1.40+0.16g/cm? o
EF AR 0.75+0.11g/cm? AA}E 0.66+0.
12g/cm?, Ward’s triangle 0.64 +0.11g/cm?o] %)
th(Table 3).
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Fig. 3. Bone densitometry in lumbar spine.
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Fig. 4. Bone densitometry in proximal femur
by DPA.



o] 63.84], HF FTILEE 0.74+0.09g/cm?,
Singh Index ¥ 72 2.81+0.09 }.

NEZE HA¥o ZTZEFY Jde £ 3T
AF o] 6244, ¢ FIE+E 0.55+0.05g/cm?,
3 7+ Singh Index+= 2.41+0.33%1 ¢}

AAR FTzFFe] e TS HFAH |
65.24), Y7 ZdxzE 0.45+0.06g/cm*P 1L,
7 Singh Index+ 2.42+0.76 . Ward’s tri-
angelo] FZ4F0] e T2 HFAH ] 664
A, 345 37 0.39+0.05g/cm?, ¥ Singh
Index+ 2.61+0.740} %] c}(Table 3).

3. 24520 =2 Alo|2} Singh Index
o BUze| H|E

Zt A= d(50d, 60d)) 29 Singh
Index= FFAFoldl A Wilcoxon-rank sum-test
2 AAZ Az, P-valuer} 0.050)312 74 3 0.
2 fostgoen Z 24 I x Wilcoxon-

=1}
ES

Table 3. Comparison between control group
and osteoporosis in each area.

Control group Osteporosis

BMD .

(gm/cm?) L-spine 1.04+0.16 0.74+0.98
Femur 751011  0.55+0.05
neck
Trocha-
nteric 0.66+0.12 0.45+0.06
area
Ward's 641011 0.39+0.05
triangle

?:(’ii}; 3914076 2.56+0.19

Age

(voars) 59.4 63.6

Table 4. Comparison between control and os-
teoporosis in L-spine(50-59 years)

Control  Osteroporosis r—value
(N=13) (N=5)
BMD ,» 1.03+0.13 0.85+0.05 0.0029
(gm/cm?)
Singh 3851090 2.80+0.84 0.0202*
Index
Mean
Age(yrs) 53.60 55.15

Values for BMD and Singh Index are mean +
S.D. p<0.05, p*<0.05
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Fig. 5. Correlation of Bone Mineral Density
of lumbar spine with Singh Index: Graph show-
ing significant correlation between Singh Index
and bone mineral density of lumbar spine.
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Fig. 6. Correlation of bone mineral density of
the femur neck with Singh Index: Graph shows
a significant correlation between the Singh
Index and bone mineral density of the femur
neck.
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N=41
r=0.7735
P<0.01
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Fig. 7. Correlation of bone mineral density
of trochanteric area with Singh Index:Graph
shows a significant correlation between the
Singh Index and bone mineral density of the tro-
chanteric area.

Table 5. Comparison between control and os-
teoporosis in L-spine(60-69 years)

Control  Osteroporosis
(N=13) (N=19) r-value
BMD = (98+0.16 074+0.09 0.0001
(gm/cm?)
Singh 3.38+0.77 2.95+0.52 0.0505*
Index
Mean
Ago(yrs) 6315 64.21

+

Values for BMD and Singh Index are mean
S.D. p<0.05, p*<0.05

Table 6. Comparison between control and os-
teoporosis in femur neck(50-59 years)

Control  Osteroporosis

(N=13) (N=2) r-value
BMD = 794011 0614001 0.0026
(gm/cm?)
Singh 3.85+0.90 2.00+0.01 0.0328*
Index
Mean
et rsy 5515 56.00

Values for BMD and Singh Index are mean +
S.D. p<0.05, p*<0.05
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N=40
r=0.7836
P<0.01
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Fig. 8. Correlation of bone mineral density of
Ward’s triangle with Singh Index: Graph shows
a significant , correlation between the Singh
Index and bone mineral density of Ward’s tri-
angle.

Table 7. Comparison between control and os-
teoporosis in femur neck(60-69 years)

Control  Osteroporosis lue
(N=12) (N=19) Fvau
BMD 614039 0594032 0.0038
(gm/cm?)
Singh 3.38+077 3.21+071 0.0854*
Index
Mean
otyrs) 6315 63.74

Values for BMD and Singh Index are mean =+
S.D. p<0.05, p*<0.05

rank sum-testd 3}, P-value’} 0.05¢)3}2 %74
Ao® {934

4. Singh Index2} ZUTo| AMTTH|

Z+ B4R 2o F2ESTN dE 3
H EYe Aty 855, dEZT AE, AR
X Ward’s triangle Z} H9id 2 A@ASF7}
Z+z} 0.7683, 0.7691, 0.7735, 0.7836= 1 }$it}
(Fig. 5~8).



Tabel 8. Comparison between control and
osteporosis in trochanteric area(50-59 years)

Tabel 10. Comparison between control and
osteporosis in Ward's triangle(50-59 years)

Control  Osteroporosis

Control  Osteroporosis

(N=13) (N=4) r-value (N=13) (N=2) r-value
BMD = 674011 0054015 0.0012 BMD 654012 045+0.03 0.0027
(gm/cm?) (gm/cm?)
Singh 3.36+0.90 2.00+0.35 0.0109* Singh 3.85+0.73 2.00+0.01 0.0328*
Index Index
Mean Mean
Age(yrs) 0915 58.00 Apo(yrs) 5515 56.00

Values for BMD and Singh Index are mean =+
S.D. p<0.05, p*<0.05

Tabel 9. Comparison between control and
osteporosis in trochanteric area(60-69 years)

Values for BMD and Singh Index are mean +
S.D. p<0.05, p*<0.05

Tabel 11. Comparison between control and
osteporosis in Ward’s triangle(60-69 years)

ol O ol O
o jomy 0594007 045£0.06  0.0006 ooty 0544011 0412005 00021
Jneh  342+079 2674050 0.0225* Jngh - 323+073 2874052 00217%
l‘geg‘zfzyrs) 63.42 64.33 hﬁegfzyrs) 63.15 65.00

Values for BMD and Singh Index are mean +
S.D. p<0.05, p*<0.05

I

R dAg H2EL I (cancellous
bone) o] &4 & (turn over rate)o] ¥7] W&
o], & Z(cortical bone) BT} W IFo| o
dgg vRY, dFFINA vy %ol ¢
it A o] Upo,

HARY A gAA 2= (bone loss) & &
%9 ZTA3}t%(osteomalacia)o] U= AS &
Fo 300mge) Z#(calcium)e] &4o] U™,
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Values for BMD and Singh Index are mean +
S.D. p<0.05, p*<0.05
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(osteoporotic fracture)o] doljd # e 237
JAY, EA, TU A8 FAUH v T
(g AP0l FAS Lad AH
ol AY, MA TAFol FAH HA(fracture
threshold) o] 3toll A& B $E HIr}

224 ZdAE F3T AL FAo oW
A Z 7)%(bone deformity)o] Z;HAAY, &
o] wAs Fof W YYIA Hed 70
A ool A& 30%oM FREFF ol o
ojte RIE Utk E, #7A 79 #dHHy

1/3014 Hx TPz uAsd, ddF 297
Zdol g W duig AS A FIE

(estimated life time risk) & Z+7Z+ 15%, 5% 7}
ZAagga .

22422 Adstede F2 34 XA A
Mol oM 1z AL A Hed BHE X
A AR E 30%0]%9 5714 (bone
mineral) ¢ 747t Jojok Aad & Utk @
& WA AR A B2E4FS AU B
e a8 WALA AR M T 531384 (Singh
Index)® AYE % QA2 197013 Singh
S ZYUET AR F4F FHWEE F
Fog FAF o9 HEHE FA&FAF(Singh
Index)oll oJsix FxE$F5E U9sA A
%= 93 &9 tH(Fig. 2, Table 1)%3",

o] 9ol XM AtAA HZF(clavicle) o] HAZ
Zo A2 EX2FF lggd & 33, 8F
(radius)e] #AF & =AHsozH Add
& 9tk 2y o)A Wy A 7 &
I, AnHo g FEHA ¥ UK.

Photodensitometryy= R XA AlzlolA &
o] 93 F=}&4 (photon absorption) & A FE
Z ®7]A 9] 94} (bone mineral imaging)<
el e, lodine-125Y% Americium-2415 o\
Qo ALgsdte], o] ouA oA WEE
trelol 1y ®x} A} (monoenergic photon) & ©] £
&1, ¥4 (appendicular bone) |, (2 8F),
z2714& 2A3=  Single-energy Photon
Absorptiometry (SPA) 7} 4},
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Dual Photon Absorptiometry(DPA)+ 71
o] tz duyAE 717 FA(photon)E WZE3}
E A E94i(gadolinium) & o] & Ao

u}, Single-enery Photon Absorptiometry?] %
3= g o]}V, Dual Photon Absorptiometry
=  #xA(photon)e] &4 3=7 (absorption me-
asurement) A] <35 % & (soft tissue) @] < &F(ef-

fect) S AAsE, 855, ez % AA 2
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74L& ZAsted ol a1 dIe
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4, 9 AdrxAoz FAY vl A (medium) &
E3ste 2N EHE FAANIA FE& Nal
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ton Densitometry & o] &3l &A% FIUL R
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Fdxe A BAV ATy IdH. 2EE,
cholesterolo] A&el #AYETH AFE Yehh
£ A E(index) 7} H%o], T2EF0] de AA
AN FAEL dAstEd ol &5, Huig'
g3l 839 YR 10%%a7 d& o
upr}, TH9 YP=st 1-3:H FrhakH, 60
Aolstol A Ao HEF HFoA FLES
Aeratd 7 7HA (sensitivity)o] 8.F 9] U
U thE 29 Z(peripheral bone)oll A FA§
AR 2-3¥) o EohI o,

B AoA tzTe 2F%9 E¥EE L
0440.16g/cm?o.2 984 @3 Heing7l A
3 933 W FTUL 1.089g/cm’ F Rou,
ZUe £ Byo FFAe FUEvL Wl
B} grtn A Ao HZ4EAh

A4 HAR7) AdNA HA T 654

7 e T3 9 (fracture threshold) o] ©l %
31, 654 olAtel A ¢F 50%9 85 THY 7t
Aol dx, HEZT 29 FHY 7ML
20% 23 B AT .
WET 298 2 HF2F9 95%= DPAC
g TUxF HF FUEVt 10g/em’el
qEZ A8 Y=} 0.75g/cm?o| 310 =91¢]
5%dA dojd & sutn . = dEHE
ARITH 60%c HET A% =d=7} 0.
60g/cm2o] 3}Q) A3 9] 10% A dojt, ¥
234 URRe HF FHL AF gURT
0.9g/cm?0] 3+l #H 737|144 30% A Lottt
I BEs Y.

B Apea zZ RgEE gz FEEE
933 1.04+0.15g/cm* HEZ A5 0.75£0.
1lg/cm?, A A% 0.66+0.12g/cm?, Ward’s tri-
angle 0.61+0.11g/cm?, T2$5 T P
Q&3 0744+0.09g/cm? HEF H 0.55+0.
05g/cm?, A zE 0.45+0.06g/cm?, Ward’s tri-
angle 0.39+0.05g/cm?*¥ 2, Z o2y (50,
60tl) 2 298 FA= 9} Singh Indexe 27
Wilcoxon-rank sum-testo] A1 P-value7} 0.05
olstz EAMOZ foF AolE RAT. =
242723 2T Atold F@AFI FAE
2 Q&E 07683, WHT AF 07691, AAF
0.7735, Ward’s triangle 0.7836 2 = =742 W
W og2E A §£¥ Aoz AR *L
=gl T Zrbel wa FxEFT A
£Zo Z7E, B A7 dxzTH =
Z Abolold W ol HAW
o] sz A B SFHH
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£3}7)9l, AAdolA L2r7A A (primary sreen) o
Singh Index7} ¢ XtH&T {F83A 2dA
oz AzEd.

A3 ZAY
Ao g TZ24F
ALE {‘}7@ shed S 7hA W ol
°]%H—Tl ath b 7tdd dHo R e
W HE A ARROA 29 dEE 22
Al (trabecular system)¢] W3lg FTZL£Fe

=8 R E3l= Singh Index7t 9o, I
78 2+€l Dual Photon Absorptiometry2 3 &
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