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Comparison of Radiologic Measurements of Total Knee Replacement
using Computer-assisted Navigation System and
Conventional System in Varus Deformity of the Knee

Dae Kyung Bae, M.D., Kyoung Ho Yoon, M.D., Seon Goo Kim, M.D.*,
Jae Wan Park, M.D., Myeung Cheol Shin, M.D., and Jun Ha Roh, M.D.

Department of Orthopaedic Surgery, School of Medicine, Kyung Hee University, Seoul,
Department of Orthopaedic Surgery, Sejong Hospital*, Bucheon, Korea

Purpose: To compare the radiologic measurements of the mechanical axis and the implant position
of Total Knee Arthroplasty (TKA) using a computer-assisted navigation system with those using
conventional TKA in varus deformity.

Materials and Methods: From January 2004 to January 2005, 49 TKAs using a CT-free navigation
system (Vector Vision®, BrainLab, Heirmnstetten, Germany) (Group I) and 24 TKAs using the conven-
tional technique (Group Il) were performed on patients who had a preoperative varus deformity>10°.
The patients were also subdivided into two groups, patients with a varus deformity <20° (group A)
and patients with varus deformity>20° (group B). The PFC Sigma implants were used in both
groups. The mechanical axis and implant position were measured by 2 observers according to the
reontgenographic evaluation system of the American Knee Society.

Results: There was no significant difference in o, 3, 6 angle and mechanical axis between group
| and Il. There was a significant difference in the y angle between group | and Il (p<0.05). There
was a significant difference in the a and B angle and mechanical axis between group IA and IB
(p<0.05). There was a significant difference in the a angle and mechanical axis between group
IIA and IIB (p<0.05). There was a positive correlation between the measured angle by the respective
observers in all groups (p<0.05).

Conclusion: Patients with a preoperative varus deformity >20° tended to have more postoperative
varus mechanical alignment than those with a preoperative varus deformity between 10° and 20°
after TKA. More careful attention during the registration of the femoral mechanical axis should be
paid in patients with a larger varus deformity in TKA using a computer-assisted navigation system.
On the other hand, a reasonable mechanical valgus angle should be considered in femoral bone
cutting for a varus deformity of the distal femur in conventional TKA. In addition, inadequate
positioning of intramedullary rod should be recognized in conventional TKA.

Key Words: Knee, Varus deformity, Arthroplasty, Computer-assisted navigation system, Radiologic

measurements
SANKE w4 Address reprint requests to
AEA FHET 871% 1 Dae Kyung Bae, M.D.
ZAs|dista ofutefst Ay elastuil Department of Orthopedic Surgery, School of Medicine, Kyung Hee University,
TEL: 02-958-8366 + FAX: 02-964-38065 1, Hoegi-dong, Dongdaemun-gu, Seoul 130-702, Korea
E-mail: bdkyung@khme. or.kr Tel: +82.2-958-8366, Fax: +82.2-964-3865

E-mail: bdkyung@khmc.or.kr

227



-2 32l

1

<J
Ul

1of
1l

22

=0

HHCH

228

M

M

3 d=e 69 7H|(56—794) S

L, oA 709, EAR7E 3goldlen, 5 ¢l 35

ﬁO

I B2 242 339, 1699w, TAZ S IIBwE 2F

i
7_11-

<
olJ
plo

i
__OT
od

<
<k

=K

<

=

<+
m_n_
ojn

o
oy

PFC sigma (Johnson & Johnson, Warsaw, Indiana)
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Fig. 1. (A) The femoral component angle (A) was measured
between a line parallel to the femoral condyle and the mechanical
axis of the femur on the anteroposterior view. (B) The tibial
mechanical angle (B) was measured between a line parallel to the
tibial condyle (a) and a line parallel to the ankle joint (b).
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Fig. 2. Post-operative measurement of the femoral and tibial
component. a, The inclination angle of the femoral component
was formed with the anatomical axis of the femur. 3, The
inclination angle of the tibial component was formed with the
mechanical axis of the tibial. y, The angle of the femoral
component was formed between the anatomical axis of the femur
and perpendicular line to the prosthesis. & The angle of the tibial
component was formed with the mechanical axis of the tibial.
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groove of femur)®] F43 FHAARIGE o] A4 AEAL, Bt ot 947, BAE 90.0°, A&
A FHARRIY 1 em $Fo= st a3y FE 2.1°, 624 86.2°Atk, oAl #3219 s 54
AYAF ARGAl T8 94& 2 =g dAst] ARGl " 9FA 2 & A Hd Ui 19.3+4.6004 & &
o, iEEY Wik Higo] & dRolhe Bao weh B Wik 2,244 4°2 AL, Bt oz 94.0°,
P A AYAY qUA S STAA ARESH B 89.8°, ¥4 4.3°, 642 87191, 19 IIE
o, B ofE AR AN 3 A8 ARAE A oA BEA 13 20 O SAE 93 %, oz, B,
&3l == AT AnEA] Z4=rt geetA] oAl e 6272 SAHCR FAT Apol7t fl o, yA2 9
2ol 3 & diEE dH5FE A dEE AN & 2pol7k A tH(p<0.05)(Table 1)(Fig. 3).
A= =49 8 AYAE AR&st=tl, =79l FE IAZO A BE5AL 10 o3 514% g5 22 e A
ARAE WY B2 1g R A A== & B Wit 145221704 & F B Wi 0.4£2.5°%
& AUA st A B2 Sl gaetA sted a1 wAEA, Bt ez 96.3°, BAS 90.3°, yA>
AU T AB A Zo) WYRYED) AA0E A 2.2, 648 863Gk BN BEA 1] I3} 43
THE A, ol £ FAts gutdoz & A oA 22 & A Fdt Wik 25,614,684 & &
ST 20 A A 2 S R B i 102382 RAHYR, Bt oz 932"
2 Ashdt, SHAAIY BEFAE 57, TR Fo 89.2°, yZHe 1.7°, 6242 85.7°ATh. AR} IB
Addl AF NN = 0°5 HEE Skl AN 2 62 FAHCE FogH Apol7h fle
yH Aol & o] &5t ¥ AAeEof e L
98 2% S48 A 530 g2 429 4 9
o1 Coal = 50 -
25 AR landmark) & 558 F 414 Fy A = cas i
TN AUAE ASleke dA9 2L 9AE SEa 4] T Conventiond h
o qEl3 Aotd & AT b of 5te Zof 47t B
A AL fEE ANLE DASAE. B2 AA o £ a0y
- . = 23
A el Ao o] 52 4B sty o] WAHAE L
- _ 20+ 16
) Aztoz AAston, TR nAF e 13 14
Zol FupAARlY REFE 5, A gL 10{ 1 8
o = 4 4
0% 2 a9 ot
= . 0
0 T T T T T 1
’ -5-3 -3-1 -11 13 3-5 5-7
?E ﬂl’ Degrees
oA TEX ol 2A% gty 2o & A H
oA 57k ofe N 0—'” oo EO © Fig. 3. Comparison of the different distributions of the y angle
o ek 18.046.1%04 & & Ht YRt 0.5+2.9°Z 1L between Group | and Group II.
Table 1. Mean Measured Angle (Degree)
Group | Group I
Observer 1 Observer 2 Observer 1 Observer 2
MA preop Varus 18.0+6.1 Varus 18.1+6.2 Varus 19.3+4.6 Varus 19.1+4.6
MA postop Varus 0.5+2.1 Varus 0.6+3.0 Varus 2.2+4.4 Varus 2.3+4.0
a angle 94.7 94.8 94.0 94.0
B angle 90.00 90.1 89.8 89.8
¥ angle 2.1 . 4.3 4.3
& angle 86.2 86.1 87.1 87.3

. . . t
*, Preoperative mechanical axis;

Postoperative mechanical axis;

. p<0.05 between group | and II.
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4 oo 3 a2 A BANOR fOT Aok oud 28 & U B G 20232994 & 3
AT (p<0.05)(Table 2)(Fig, 4) Hat Ytk 3.0+4.9°2 WAERL, Ft a2 92.8°,
AN #5410 o) 249 |34 52 & A 248 90.8°, ¥4 4.4°, §7+& 87.6°ATt. TIATY}
P Wt 15,642, 1%04 & & jé% Wik 1.343.8°=2  TIBZolA BZ, x4 642 SAASR FA3 Ao
LA, Bt oz 95.1°, BAE 893, ¥4 7h e, q3ha 3t ot FAA SR ot A
4.1°, 8742 86.5°%th. IIBLOllA #5419 s 54 °]7} A H(p<0.05)(Table 3)(Fig. 5).
Table 2. Differences in Mean Values of the Measured Angle between Group IA and IB (Degree)
Observer 1 Observer 2
Group A Group 1B Group 1A Group 1B
MA preop Varus 14.5+2.1 Varus 25.6+4.7 Varus 14.4+2.0 Varus 25.6+4.7
MA' postop ' Varus 0.4+2.5 Varus 1.0+3.8 Varus 0.3x2.4 Varus 1.0+3.8
a angle 95.3 93.2 95.3 93.6
B angle’ 90.3 89.2 90.4 89.5
y angle 2.2 1.7 2.2 1.8
A angle 86.3 86.7 86.1 86.2
*, Preoperative mechanical axis; " Postoperative mechanical axis; ' p<0.05 between group IA and IB.
Table 3. Differences in Mean Values of the Measured Angle between Group IIA and IIB (Degree)
Observer 1 Observer 2
Group 1A Group 1IB Group 1A Group 1B
MA preop Varus 15.6+2.1 Varus 24.0+3.2 Varus 15.5+2.1 Varus 23.8+3.3
MA' postop ' Varus 1.3+3.8 Varus 3.0+4.9 Varus 1.8+3.8 Varus 2.8+4.4
a angle’ 95.1 92.8 95.1 92.8
B angle 89.3 90.3 89.2 90.4
y angle 2.4 2.6 25 2.8
A angle 86.5 87.6 86.9 87.7
*, Preoperative mechanical axis; T Postoperative mechanical axis; . p<0.05 between group IIA and IIB.
50 50 -
@ GroupA @ Group A 42
] GroupB J GroupB 7~
40 37 40+
= 30 42 = 30 25
c c
g 21 21 g
& 20+ 18 1518 & 204 17 17 17
13 13 13
10 1 6 10 8 8
0 0
0 Varus | T T T Valdus ! 0 Varus T T "Valgus !
-8--6 -6--4 -4-2 -20 0-2 2-4 -8--6 -6--4 —4-—2 -2-0 0-2 %-4
Degrees Degrees

Fig. 4. Comparison of the different distributions of the post-
operative mechanical axis between Group IA and IB.

Fig. 5. Comparison of the different distributions of the post-
operative mechanical axis between Group IIA and IIB (ed note:
| think the highlighted can be deleted).
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Table 4. Spearman Correlation Coefficient (Observer 1 vs.
Observer 2)

Group | Group I
MA preop 0.996 0.994
MA posop T 0.988 0.951
a angle 0.960 0.958
B angle 0.989 0.918
Y angle 0.993 0.970
) angle 0.911 0.981

*, Preoperative mechanical axis; , Postoperative mechanical axis;
, p<0.01 between observer 1 and observer 2.
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B9 ootd SHEch Wik =7t Aol oy oA &4
Aoz o5t Aozt §islcH(Table 2, 3).

I3 I 2%, & #32 71e) 43X & st
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2 BE o] et wof dEsH "ot old dile e, ez Wik Mol A AL HEE 954
Hebsto QFArdEs 2ok 43| HAAI717] St | S= A5 A AR 54 dutAdl AR 55
BlAlo] A 2|7} o] ARGE AL glom, YHAlold oA EHH, Yyt HPH diEE f5H FeE st
BFAE o] &% £ AAgE Al ZF HAE= 1° v|wY Al A o et AA7F BEHA Ha ik A7
2 M= FAY A Qla, AA AP LA MYE ok o] H& HAs7| Hsl thEZo] by o] Het 4
ol £ AYEE FHANZE o dEA L S dEE Y9959 934 £ 244 55 Ade dut
o1, Sparmann 57 vulA ol ek 1A H A AYEY YFor o] Fste] TEdh= Ao] Ay
PHle o83 S AR gheof WA AukE | o, o]l fle & A YA AR YubAY HeE
w3 o st 9] ety =, o A=) Welwttaz)  woftt & AAshe Jlo] =i 2 AOR ArmE EE
o 2372, AE AYEY WRZHBHY f ylH[Alo] A FAE ol &sto] WA AAgaS Al &
OJgt o7t Qlokar Hiistiom, vu|A ol A= A B e 55 o] Aee geldfor sthal, =
A= A8 A FHATL Buselch, solA] A AP S H=s mhefsfor shvf W) A Y
A3k $0e duAold A TAH WL o] &% 2 ARE Fuoh ApE A4 Yol Hhd A Ast
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A= djEetA & g 7 AA Fo] o]f = A =
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g ol A o A HAE e, &9 FA 7S A5 o7t Tl A AlEAY dEE AYES o e
(out layer)= 97+ AH %9 3 o]4k9] 7+ HH|7 XA 4= YSdTh & A YRk o] 43 20-30°¢
ojdE HAR F¥ AAA O R patt o B BAle oM FANCR FoEHA & & HotA So] Yt &
obokeh, AlA ol vimjAlo]d W Hok o 257t = AFo] dslow, ofs uAF o r S3d A
o] Ae/do] WolA & olfre= HHA oS o] &3t 7 =5 & A5 tEE Wi HEE et oiE 4R 9
Foll= thEEe] {9 HAA ez AVdH 420 Hh Az Aol Bastn, YAl FAE o] &
A diulAolde] ARE A, LA Ao & A dEEY 93 Zo g FEA fET d9R
T2 AR AFAAL AAEARS] = 3ro|ut Al of ot EAMS dubA el Wy Hoh by Amof uet &
2 A9 EE 2570 44 HEE 27 Yoy g oFom ofFAl7|= Ao Hasit,
e =9 Bt (Bowing), WF ol G W] wfiolt},
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QA7) WAE 4 %E}IS>_ AAEe]l AL yu]|A o] A AX| medullary versus extramedullary femoral alignment systems in
2 o] &3t &TA AXTE A & A YutdH o] 10-20° total knee replacement. Clin Orthop Relat Res, 286: 32-39,
ol AS-HTE 20-307¢1 oA & F kA9 A5H Fo 1993.
YHtEl 9l om & A yukHd o] 20-30°¢ FolA &4 2. Engh GA, Petersen TL: Comparative experience with intra-
Ao SolgA fEE AYET AF AUEo] ¢ Wyt medullary and extramedullary alignment in total knee arthro-
A E AT, of= dH[Alo| Y S5 5 diEEY 9 plasty. | Arthroplasty, 5: 1-8, 1990.
3k 22L& AAst= EHE YYHo Y] AAA] dukd 3. Garg A, Walker PS: Prediction of total knee motion using

=71 =
o2 Za7h A AR Al YA E FAEY 251 a three-dimensional computer-graphics model. | Biomech, 23:
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CHAF 3 2R 2004 1 2005 1 } 10°
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