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Figure 1. Diagrammatic representation of the
standard dimensions of the femur in the
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Figure 2. Diagrammatic representation of the canal
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Figure 3. The canal width at lesser trochanter
shows an strong correlation with canal width at
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Figure 5. Distribution of values of the canal flare
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Figure 6. The canal flare index shows an inverse
relationship with the mediolateral i1sthmus width.
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Figure 7. Correlation between the canal flare index
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Figure 1. Diagrammatic representation of the standard dimensions

of the femur in the anteroposterior and lateral views

A : Femoral head offset

B : Femoral head diameter

C : Femoral head position
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Proximal border of isthmus
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. Isthmus position

: Anteroposterior canal width at osteotomy level

. Anteroposterior canal width at femoral neck center
. Anteroposterior isthmus width
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5le] 7}7} 9] endosteal parameters ¥} periosteal parameters 7FHe] 4
#+ Al4=(correlation coefficient) & AF&3she] #4319 o)

Noble 5'¢] ®W¥ol wuwe}l canal flare index”} 3.0Rth #Ho
stovepipe® ©. 2 3.00]dN A 4.7A}0]= normald &2, 4.70]742 7
+ champagne fluted o= st 71 W% FEXE &35t <4
T e 5A4S 4%, =54 2715 JEhl= endosteal
9 periosteal parametersy F7t<el FEHIE YEM T canal flare
index 79| & AlTE AEste] 29 dE =9 A7) P A
AAAE EAedTt. &3 oJ2] endosteal parameterE ¥} periosteal
parameters % canal flare index®} AH 3o AAAAE A5,
2 ARTH 2e A9ET 119 SAHAES HugoEA AFel w
<9 Zae A7 FEje WEE dolR skt &7t e
o] "l = Student’s t-testE ©|-&3t% i, 2t W4E 1He] FaAA
+ Pearson ¥ #4& ol &3td o, p gto] 0.06H T 2 5

et on 5 Aow Brkag
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N

m. 23

1. Z+ ASAY a4 ZTHA
WAL e F&e Hit 83%E ZAHen o &S 7
&3t 7 SAHAAE BASAT dEHZ T offset FAFol| A 41.1
19 ool A 374 + 42mmel e A HFS 392
45mmel At HE =7 A4 dareA 499 + 3.1mmo| L oz}
+ 23mmeolle AA HFS 470 + 39mmeol At E
Z5 A9 AXE FAA 540 £ 49mmeo] L o &Kol A 476 +
45mmel e AA H-e 508 + 57mmelAtt E AR 9
47 Yrle Al A 470 + 49mmeol R o] zpol A

436 + 46mme|e AA HFS 453 + 51mmeo| Uttt E AAA
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oMo Z4A Udl= EAA] 288 £ 3.6mmo| il o &l A 260 +
30mmeldem HA HtE 274 + 36mmo| ATt tE LA 49
20mmel| A1 9] =47 vrl= FAbel A 208 £ 2.8mmo] AL o Rl A

3 £ 24mmellerm HA H-2 196 £ 29mmeo] AT oA <]
247y Yuls el A 122 + 18mmel i o2l 109 + 1.7mm

Row AA it 115 £ 1.9mme] ek FFelA e ddx Yu=
Aol A 280 + 22mmolal oAxtel A 258 £ 2.6mmel e HA
BrS 268 + 26mmelddv. o 29 AA= FAelA 719
16.6mme] 13l A Aol A 747 + 139mmeol Qo HAA| HtS 733
154mmel Tk @59 H9 AAE FAelA 1413 £ 20.3mmeo] 3L
of el A 1409 + 17.8mmellem™ A Hw 141.1 + 19.0mme] A
o @59 A= Al Al 1015 + 18.0mme] A al o Aol Al 101.7 +
132mmel e AA Fe 1021 + 15.7mmo] At dEF F A 9]
A& FRpe A 246 + 2.8mmeol il o ZFe Al 225 + 2.4mmeo] 3l
ow HA it 236 £ 2.8mmeo At HE AT FAAA ] HFHES
Ao A 17.3 £ 24mmo]lal &4 159 + 2.ImmelR o™ A
B 166 = 24mme Atk Aol ASF =57 Unrle= datel A
139 + 2Immola of&olA 123 + 1.8mmolem HA| HiF
131 + 21mmeo] ATt & HH7Ee Aol A 1262 + 4.1°0]191aL oA}
o A1 127.3 + LH.1%om HAA| Hir2 1268 + 4.7°°|AH(Table 1,
2). - ASAEL FAelA A SA A o fFast
A S Aoz Ao, i A 29 2 A9 AAS o

g A Jyitel fa2% Afole YERUA FUdTh
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Table 1. Mean values of variables measured in the total subjects

Parameters Average Standard deviation Minimum  Maximum
Femoral head offset(mm) 39.2 4.5 259 51.4
Femoral head diameter(mm) 47.0 3.9 39.1 57.2
Femoral head position(mm) 50.8 5.7 37.6 66.0
Canal width at 20mm proximal to lesser trochanter(mm) 45.3 5.1 325 61.2
Canal width at lesser trochanter(mm) 274 3.6 176 42.7
Canal width at 20mm distal to lesser trochanter(mm) 19.6 2.9 13.1 329
Mediolateral isthmus width(mm) 11.5 19 74 19.7
Mediolateral extracortical width(mm) 26.8 2.6 20.8 36.7
Proximal border of isthmus(mm) 73.3 154 32.1 119.6
Distal border of isthmus(mm) 1411 19.0 81.1 204.0
Isthmus position(mm) 102.1 15.7 57.3 142.7
Anteroposterior canal width at osteotomy level(mm) 23.6 2.8 16.6 30.4
Anteroposterior canal width at femoral neck center(mm) 16.6 2.4 10.0 227
Anteroposterior isthmus width(mm) 13.1 2.1 85 20.0
Neck-shaft angle(degree) 126.8 4.7 114.4 140.1

Table 2. Comparison of mean values and statistical significance

between male and female subjects

Parameters Male Female p value
Femoral head offset(mm) 41.1 + 4.0 374 + 4.2 < 0.0001
Femoral head diameter(mm) 499 + 31 442 + 2.3 < 0.0001
Femoral head position(mm) 54.0 + 4.9 476 + 45 < 0.0001
Canal width at 20mm proximal to lesser trochanter(mm) 47.0 + 4.9 436 + 46 < 0.0001
Canal width at lesser trochanter(mm) 288 + 3.6 26.0 £ 3.0 < 0.0001
Canal width at 20mm distal to lesser trochanter(mm) 208 + 28 183 + 24 < 0.0001
Mediolateral isthmus width(mm) 122 £ 18 109 + 1.7 < 0.0001
Mediolateral extracortical width(mm) 280 + 2.2 258 + 26 < 0.0001
Proximal border of isthmus(mm) 719 £ 166 74.7 £ 139 > 0.05
Distal border of isthmus(mm) 141.3 + 20.3 1409 + 17.8 > 0.05
Isthmus position(mm) 101.5 £ 180 101.7 + 13.2 > 0.0
Anteroposterior canal width at osteotomy level(mm) 246 £ 2.8 225 24 < 0.0001
Anteroposterior canal width at femoral neck center(mm) 17.3 + 24 159 + 2.1 < 0.0001
Anteroposterior isthmus width(mm) 139 £ 211 123 + 1.8 < 0.0001
Neck-shaft angle(degree) 126.2 + 4.1 1273 £ 51 > 0.05
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Aoldel  @HZ duAx Hed wsE RATHTable 3.

Endosteal parameters 3+e] “33##7A19} Periosteal parameters 32

\)

A A o] H]E}e] endosteal parameters I periosteal parameters
Abol o] A= vlwA g AR yeiyom 53|, ARt
Hol| Al o] =47 Un] grell& vla A ek da#aA4(0.72-092) 5
ER] 2 th(Figure 3).

Table 3. Typical values of Pearson correlation coefficients for

dimensions in the total subjects

Variables Correlation Coefficient(r) p value

Periosteal / Periosteal

Femoral head diameter vs. Femoral head position 0.594 < 0.0001
Femoral head diameter vs. Mediolateral extracortical width 0.560 < 0.0001
Femoral head offset vs. Mediolateral extracortical width 0.525 < 0.0001
Femoral head diameter vs. Neck-shaft angle -0.033 > 0.06
Endosteal / Endosteal

Canal width at 20mm distal to LT vs. Canal width at LT 0.915 < 0.0001
Canal width at 20mm proximal to LT vs. Canal width at LT 0.863 < 0.0001
Canal width at LT vs. Mediolateral isthmus width 0.474 < 0.0001
Distal border of isthmus vs. AP canal width at femoral neck center  -0.008 > 0.05
Periosteal / Endosteal

Canal width at 20mm distal to LT vs Femoral head diameter 0.563 < 0.0001
Mediolateral isthmus width vs. Mediolateral extracortical width 0.522 < 0.0001
Mediolateral isthmus width vs. Femoral head offset 0.326 < 0.0001
Isthmus position vs. Femoral head offset 0.053 > 0.06
Distal border of isthmus vs. Femoral head diameter -0.061 > 0.05
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Figure 4. The mediolateral isthmus width is correlated with the

anteroposterior canal width(r=0.76), the ratio was 1.139.

3. Canal flare index

Canal flare indext© &4 24914 Hd 582 Ht 4.02 + 0.65°]%%
o stovepipe®@©] 109 (5.6%), normald®d°] 1437 (79.4%), 18]l
champagne flute® ©] 274 (15.0%)°] 1 tH(Figure 5).
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Figure 5. Distribution of values of the canal flare index

Canal flare indext= @H-olA e =57 yHleh 43 9 AadAE
YEF A 2™ (r=-0.75, p<0.0001)(Figure 6), 2 A 20mm < ¢l A <]
=774 yHl e ofgk o AAAAE UEWATHr=-0.16, p<0.05).
Canal flare index+ YAFlA H 393 + 061, oJAFA H 411
+ 0672 oAt & Aor Yeouw FATGA R on= I3l
o},
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Figure 6. The canal flare index shows an inverse relationship with

the mediolateral isthmus width(r=-0.75, p<0.0001).

4. 2t ASAEHR AF 39 FAAA

AA Aol A canal flare indexE A#HI 9 A A (r=-0.35,
p<0.0001)E YEN M (Figure 7). J#e] A$ ozt o A#AAA
(r=-0.54, p<0.0001)7} #Z=H Ao HFxpe] H
ojul = AHAAVE FFEE A G dehr=-0.15, p>0.05).
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Figure 7. Correlation between the canal flare index and the age

shows change in endosteal shape with aging(r=-0.35, p<0.0001).

o9 E AHZHr=-0.24, p<0.05)¥ PR FF7 Un
(r=0.26, p<0.05) 2 A YH](r=0.30, p<0.0001), 1231 FF-ofl A <]
T4 UH(r=0.23, p<0.05)E % FHBAES el o
ASAEL A= on ol AHAAE veb A okt
S 20-4941¢k 504 ool F Ao dA¥Iem

=
=
zt ?—_Loﬂjﬂ SAANEY HaS vlugt A3} canal flare index,

2
=

iy}
il

b
rol
_Lz

HE AR w2 AR, FelM e =t vnl 2 v
yrl, a2gan gRelMe dF it vRle =2 A3 oA A
o FastA & Ao #FEHAH(Table 4)
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Table 4. Comparison of mean values and statistical significance

between younger and older groups

Parameters Younger Older p value
Femoral head offset(mm) 394 £ 4.7 39.1 + 43 > 0.05
Femoral head diameter(mm) 473 + 39 46.8 + 4.0 > 0.05
Femoral head position(mm) 514 + 55 502 £ 59 > 0.05
Canal width at 20mm proximal to lesser trochanter(mm) 45.7 + 4.9 448 + 52 > 0.05
Canal width at lesser trochanter(mm) 274 + 34 273 £ 38 > 0.05
Canal width at 20mm distal to lesser trochanter(mm) 194 + 27 19.7 + 3.1 > 0.05
Mediolateral isthmus width(mm) 111 + 18 119 + 19 0.003
Mediolateral extracortical width(mm) 26.1 + 2.5 276 + 25 < 0.0001
Proximal border of isthmus(mm) 73.1 £ 16.8 73.6 £ 134 > 0.05
Distal border of isthmus(mm) 140.8 £ 19.5 141.3 £ 172 > 0.05
Isthmus position(mm) 101.2 £ 17.1 102.0 £ 13.7 > 0.05
Anteroposterior canal width at osteotomy level(mm) 234 £ 2.7 237 £ 3.0 > 0.05
Anteroposterior canal width at femoral neck center(mm) 165 = 2.2 166 = 25 > 0.05
Anteroposterior isthmus width(mm) 127 + 22 135 + 2.0 0.017
Neck-shaft angle(degree) 127.7 = 4.7 125.8 + 44 0.005
Canal flare index 4.2+ 0.6 38 £ 0.6 0.0001

Younger : 20 - 49 years old, Older : 50 - 83 years old

MNFlel Az etel W

7F ZF ASA =9 vl
HEZe 9d& Yeld= AlS A (periosteal parameter) 52 =4
A= gy F59 A4 g8 A4S A g gl A

Noble %&7e]tb Rubin %°¢] muwth zgon 53 diF %%ﬂ
offseto] #go] #Z= A H(Table 5). Il & Yeld = A
] (endosteal parameter)E9¢] =4 ZA3Z Noble 5'¢] 239} Hluws}
A 538 FRoAY AS xA vd], FEY A 29 2 A9
AAZE 53 & A9t Aol A A2 Ao #EE A (Table 5).

o Sil‘ﬂ’ﬂb 2A7 F9 2 AR A9 20mmeE F 5ol A
o] FH7 Uule A% wnEPP ngte] A yehed 24
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A 29 20mmel A e] #5d ule Agel wuEa b ks
= fos

B
Aow ##EEJH(Table 5).

Table 5. Comparison of variables with those of Westerner

Parameters Average Noble et al(1983) Rubin et al(1992)
Femoral head offset(mm) 39.2 43.0 47.0
Femoral head diameter(mm) 47.0 46.1 43.4
Femoral head position(mm) 50.8 51.6 56.1
Canal width at 20mm proximal to LT(mm) 45.3 454 43.1
Canal width at LT(mm) 274 294 279
Canal width at 20mm distal to LT(mm) 19.6 20.9 21.0
Mediolateral isthmus width(mm) 11.5 12.3 13.1
Mediolateral extracortical width(mm) 26.8 27.0 26.7
Proximal border of isthmus(mm) 73.3 86.1
Distal border of isthmus(mm) 141.1 145.0
Isthmus position(mm) 102.1 1134 105.7
Anteroposterior canal width at osteotomy level(mm) 23.6 24.1
Anteroposterior canal width at femoral neck center(mm) 16.6 16.5
Anteroposterior isthmus width(mm) 13.1 16.9
Neck-shaft angle(degree) 126.8 124.7 1229
Agel(years) 49.5 79.9 32

Mol WEES 2AF A3 2AARL 24 A9 BEF Uns
Ageuct AAw 284 29 BEF NG FelAe 257

Hl= Be o7 A fgo] #EEAHTable 6).

d
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Table 6. Comparison of canal width at different age distribution

Canal width older than 40 years Noble et al(1995)
Canal width at 20mm proximal to LT(mm) 45.0 454
Canal width at LT(mm) 217.3 29.7
Canal width at 20mm distal to LT(mm) 195 21.0
Mediolateral isthmus width(mm) 11.6 121
Canal width older than 70 years Rubin et al(1992)
Canal width at 20mm proximal to LT(mm) 44.1 43.1
Canal width at LT(mm) 2715 279
Canal width at 20mm distal to LT(mm) 20.0 21.0
Mediolateral isthmus width(mm) 12.7 13.1

L. Canal flare index®] H] il

Canal flare indexi= stovepipe® ©| 5.6%, normald ©| 79.4%, —1&] L
champagne fluted o] 15.0%% Noble 5'0] B3 9% 83%, 181
8%ol H]3}o] champagne flutego] tha £ H &S XAt AU
oh 3 FIFgHE 402 + 0655 Noble 570] Budh 38 + 0.749]
Rubin 5% ®1d 336 + 075RUE U & Aoz FFEAC
(Table 7).

T

Table 7. Comparison of canal flare index and age distribution

Authors Canal flare index Age distribution and mean age
Noble et al(1988) 3.8 = 0.74 22 - 95 (79.9) years
Rubin et al(1992) 3.36 £ 0.75 70 - 95 (82) years
Noble et al(1995) 4.05 + 0.66 40 - 90 (62.5) years
Our Study 4.02 + 0.65 20 - 83 (49.5) years
Kim et al(1996) 4.3 + 0.81 18 - 69 (43.5) years
Khang et al(2003) 44 + 08 20 - 69 years
Yoo et al(1994) 38 £ 0.7
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Canal flare indexv= d®o] T7MEd45 Fahdts 4o dor=
Mol Raugd Hlsg AFde] tidaolA A= Hlasty] £138)o]
404 o13e] itk 704 o] e el A ZhZt canal flare
index®] g3t & A3 40l A 83MI7EA o] T e
(F A% 59.3A4)o A= canal flare index®] Hito] 3.95 + 0.62%
Noble 5'%¢] Az} n)szatgl o, 70494 8347442 o) (F 3t
A= 754A4)o A = canal flare index®] o] 355 + 0.63°.2 Rubin
Thol Aot 2 Apol7k Ak (Table ).

ke
il
BN
>
ro

Table 8. Comparison of canal flare index with that of Westerner in

the similar age group

Age distribution Canal flare index Westerner

Older than 40 years 3.95 + 0.62 4.05 £ 0.66 (1995, Noble et al)

Older than 70 years 355 + 0.63 3.36 = 0.75 (1992, Rubin et al)
V. &

O

A nHA AghzEo] QoA viEIo g ¥ AdE o
S

qZ0o] FQALe We Ao o3 1 IE QUPLRBUSL o

AL

=]
oA gEFe Aty A7st wg Fastn & 5 g

10111415
=9 93-S Uetdl= AlS A (periosteal
parameter) 59 =4 ZAy+= E FF9 A dE A4S A9
oo A AeFele] RuEPut ZA Jeh 9 uE
[e]

=0 Akl AV]= MEAET FEE 2o Few 53], iF



=79 offsete] =& #ES = JAH(Table 5). thE =572 274
—3— it 470 + 39mm=E Noble 5'0] B33 461 + 48mmut Clark
Hlgzelgar e BunEPMas u

} Atk tiE A7 1268 + 47°% Noble 570 Bud 1247 +
74°4 Rubin 5°%] ®1dk 1229 + 76°KHT} ok 2 Ao UEEO
U Fyel A A 5ol magh 1278 £ 52U f 500l Bagk 127.8
+ 57°9% gk AAY v=d Ao vyt A 5Me oz o
5 Axrzto] gAtel MR EASEA R oun] A o & AR H
vatg oy, B A AE dare] siro] 1262°, oz it
127.3°% of&ol A F 0o 2 Ao® YetdArt AAQ 9= gl

=W & Yehl= 75X (endosteal parameter)E°] =4
A3 Noble 579 Azl wasyd 53] PFole AF 5%
Ual, g@ael Aot o9 2 A9 AAVE 53 B AT Aol A
& Ao Z #AHATH(Table 5). FH-o 1Ak <9 2 A9 AAE
Noble 579 ®.ilo] H]5}o] z,m 11.3mm, 12.8mm, 3.9mm #t& 2 °

2 Uegoy xFdAe vk =57 Yuldl oA =
ZF 79 2 AHEA 49 20mmeF FFAAM Y EA Yele A
BaEE wetel A yeElged 282 29 20mmol A €]
- dns Mk RuEPP e o 2 Aer uF

U(Table 5). &tk Hl=7h A" A

b
2

o2
Lo

o
32

: Aopele] mash ¥ AT
149 A%E wastd 2AATY 204 A9 BEF UHE A%

N
o
s
=
rr

o, B4z o) e el o ol ifn], P9 91
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s 99 2 29 AN 20K | sbe e 542 vhey
s o &

BoAFe Ao A  endosteal parameterE 7Fo]u  periosteal
parameters 7ol ArA A o] M8t  endosteal parameters ¥}
periosteal parameters Alolo] J##AA 7} vy ket oz el
U e = ANkl ¥y Ao A7) Aol & dAuA ol

R

Te= & 7 U3 Noble 5'2 §

]

AES AEUdddA Hole= S5-I} H=d s o

N

ol AF L #H$ =47 dne vl 11392 Noble 59
Ba(1.374)e wlste] e Aom pEEo] oA A YRt
o gEZ wHo] A9 98 Mg 2 5% Bu(1.139)4
Khang 59 ®Ri(L125)9} dAstoict. dF F-9olrde] 24 2 A
T @47k Un el 9 ABaA(=024)5 YeER Yoy Noble
5 A(r=04)R} FHAFI O FEe Aoz B A

thE 5o Z83t= 3 (joint reaction force)S FE A AFH of A
Zh-g5h7] woll A AR AR A 29 dE s 277 FE 9
EAL gotats A v Tostn. 53 At 99 2 2%
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o
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391t Rubin 5% canal flare index®] ¥ zko] 3.36 + 0.752k 3L
Bastgdrh e AFES AvRd f TP kol 38 £ 07
ol WIL7F 84%, 70%, 21.6%Etal R 13}%] 3L
4.3 + 081, W=7} 3.3%, 65.2%, 31.5%2 1 21stglow, Khang 5
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Abstract

Radiographic analysis of the size and shape of proximal

femur

Jin Ho Che

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Chang Dong Han)

Close geometric fit between the femoral component and
supporting bone is most important for durable implant fixation in
total hip arthroplasty. Geometry of femur from Korean and
American subjects may differ. Therefore the accurate knowledge of
anatomical character of proximal femoral canal of Korean is
essential for the most adequate stem design. Simple radiographs of
healthy subjects were reviewed to measure the parameters and
analyze the correlation. Total 180 radiographs of proximal femur of
healthy subjects without previous trauma or other pathology in hip

joint were reviewed. The results are as follows.

1. Overall size of the femur from Korean subjects was smaller
than that from American subjects. Especially the femoral head
offset was smaller and femoral neck-shaft angle was larger

slightly. The proximal canal was more flared in the vicinity of

-8 -



lesser trochanter, and the isthmus position and borders were closer

to lesser trochanter than that of American.

2. Weakest correlations observed between pairs of periosteal and
endosteal dimensions. Stronger correlations were observed between
parameters describing the width of the canal in the vicinity of the

lesser trochanter.

3. The shape of the endosteal canal of isthmus is nearly circular in

Korean in contrast to anteroposteriorly ovoid in American.

4. The canal flare index of Korean femur and its distribution of

type are not differ from those of American.

5. The canal flare index decreased gradually according to age.
Difference of the change of the canal flare index according to age

was observed between male and female subjects.

6. Reverse correlation was observed between the canal flare index
and the mediolateral isthmus width, the canal width distal to lesser

trochanter.

The current study indicated that the proximal part of the stem
should be wider than the distal part in younger patient group.
Another specifications for the Korean hip prosthesis are that the
shape of endosteal canal of isthmus is nearly circular and that the

1sthmus position and borders are closer to lesser trochanter.

Key Words : proximal femur, size and shape, total hip arthroplasty
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