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(BE] HIY  BWHIE T F M K7 R (knee osteoarthritis, KOA) 42 [ 575 B #2 K (total knee arthroplasty,
TKA) F38 B ok K 3D #T ENAR AL 5 6] (patient specific in—strumentation, PSI) B FIRGR . J5i: L 2021 4F 1
2 2022 48 1 AMRCERR B R BB L — O BE B 100 ] KOA [, RITBENLECTRE 0 2 41, BE4H 50 .
Sof BE2H SR B M0 TKA 3897, PSR4 A M ek B 3D PSIA B TKA 697 . MERF T RGN . R EEENL .
FFERAE . AR B2 . BTG 31 (range of motion, ROM). R F14 S8 [ AR A0 I B az s L 411
£ (mechanical lateral distal femoral angle, mLDFA). ‘Fﬁiﬂwﬁiﬂﬂ%ﬁ(hip—knee—ankle, HKA)]. 558 #
BRI E 2 . R, A ). R e T AE (hospital for special surgery, HSS ¥F43) . A= i 5t 1t Carthritis impact
measurement scale 2, AIMS2 P£43), g8 MIRABEERPERGHNE. K52 d51REXTEAD, FARE
], B ot o] 50 HR 44 (P < 0.05); BFFE 41884 LTC ffi . FFC ffi . HKA ffi. LFC ffi . FTC ffifi 2 B 500 g
N P<0.05); BFFEABERE3ANA L 640 120 ROM, SCHERIBIT 0L . PR . P sby e T 4l
JEERAE mLDFA | HKA IR T X IRAL(P<0.05); WFFE4LBE ARG 3 DA 6 A L 120 HSS PFo i T-xf 4,
AIMS2 PEOME T XS IR (P < 0.05)5 BF5E 4L T AOAE A A2 R G0 IRAL LR, 225w 24 L (P> 0.05),
g5 HrUSCR 3D PSIAI) TKA J6Y7 KOA REIRAL T RGO, S tRfERs R, Mo MRk, fedtBidsh
RERAE, AB T4 R, HEARSZEM,
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Application Effect of A New Modified 3D PSI in Total Knee
Arthroplasty for Knee Osteoarthritis

HU Qing, LI Chuan, SHI Chong, RUAN Mo, YANG Jingze
(Dept. of Orthopedics, 920th Hospital of Joint Logistics Support Force, PLA,
Kunming Yunan 650100, China)

[ Abstract] Objective To explore the application effect of new improved 3D printing individualized
guidance (3D psi) in total knee arthroplasty (TKA) for knee osteoarthritis ( KOA). Methods A total of 100
patients with KOA in 920th Hospital of Joint Logistics Support Force, PLA from January 2021 to January 2022 were
selected, and were divided into 2 groups of 50 patients each using the randomized numerical table method. The
control group was treated with conventional TKA, and the study group was treated with new improved 3D psi
assisted TKA. The operation conditions, postoperative rehabilitation, complications, prosthesis component

position deviation, knee range of motion ( ROM), lower limb force line parameters [coronal distal femoral

(s BHEI] 2023-10-17
[(E€MB] =rARHETRH R34 7B H (202001BA070023-0311)

MEE®N] WIE(1988~ ), B, mmmiLA, BE¥%d, FIRBEM, FEAFATHOCT B, HCwE, fhk,
3d FTEPFFE T A

LEE{EE] %, E-mail: saysouth76017@21cn.com



H34 WO, AF ORI R AR ICHT EHOR T B R 3D PST YL AR WL 85

mechanical axis lateral angle (mldfa), lower limb mechanical axis angle (HKA) ], gait parameters (percentage of
support time, stride, pace), knee function(HSS score ), quality of life (AIMS2 score ) were observed. Results  Com—
pared with control group, the amount of intraoperative and postoperative blood loss and drainage volume 2 days after
operation were less in the study group, and the operation time and hospital stay were shorter ( P < 0.05) . The
deviations of LTC Angle, FFC Angle, HKA Angle, LFC Angle and FTC Angle in the study group were smaller
than those in the control group (P < 0.05). At 3 months, 6 months and 12 months after surgery, the percentage of
knee ROM, supporting time, stride length and walking speed of the research group were higher than those of the
control group, while the coronal-position mLDFA and HKA were lower than those of the control group (P < 0.05).
The proportion of WBC and PMN in joint fluid at 3 months, 6 months and 12 months after surgery was lower than
that in control group (P < 0.05). The HSS score of the study group was higher than that of the control group at 3
months, 6 months and 12 months after operation, and the AIMS2 score was lower than that of the control group (P<
0.05). There was no statistically significant difference in the incidence of complications between the study group and
the control group (P >0.05). Conclusion The new improved 3D PSI-assisted TKA treatment of KOA can optimize

the surgical situation, improve operating accuracy, improve the patient’ s lower limb alignment, promote limh

function recovery, help improve the quality of life, and has high safety.

[ Key words] Knee osteoarthritis; Total knee arthroplasty; Individualized orientation; 3D printing; Lower

limb force line parameters; Range of motion of knee joint; Complications

i 565 B M 27 R (knee osteoarthritis, KOA)
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SR B K (total knee arthroplasty, TKA) JZIIf
PRIATT KOA BE2T5 58, H A58 AR IE B AR iy
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72 KOA B BRI BOR, nl ik — D3 s B
HARA& 25 o7 kst . (B FZEDET
ANEHAE . T AR 8] SR A 1 77 T pEsE, T
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Fig. 1 Pre - and post-operative images of the new improved 3D PSI-assisted TKA surgery
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IR T B 2H 14 (frontal femoral component, FFC)ffi,
1.5.4 BRXTiEBNE (range of motion, ROM). T
BAO%SE RN ERMERG ARG 3DNH .
6 1A . 124 H ROM; R X 2 4 ARy KA
JA3AHC 64 AL 1240 A T AL e (HKA)
A ek R A BB A B HIL AR Al A0 #F ( mechanical
lateral distal femoral angle, mLDFA ),

1.55 SESE  E =485 580 e AR w7
ARG 3AH 64 H 124 H B H A A E 4
RS 2 A

15.6 BRXTIIREERRE UUSSERFMELE
%Hﬁﬂ\éﬁﬂzﬁ[m(hospital for special surgery, HSS)
WASARAT ARG 3AH . 6 M H 0 124 A BTy
hAE, Wiy 100 73, PFo0 B s 2Ron R OG5 D RE
U5 DAOGHY & A 1 it i 1 3R 1'% (arthritis impact
measurement scale 2, AIMS2) 3P4k B35 R BT ARG
3MAL 6 12 AR, W 1047,
WO S AT i 2 UK

157 FEREE UIFURGL . MK ST ERE
K™ i . R BT K I A2 ( deep venous
thrombosis, DVT),

1.6 ZitFaE

PAGE A6, SPSS25.0 B HEA TR /bt
TR RILL(ZO A, x5 HHERE(xxs)
ik, R s, ZaFRSRHEZNE S, P<
0.05 BZERAGI2E L

2 #ER

2.1 2AELERILE
QA BER LR, ZHREaitFEX (P>
0.05), W31,
22 2HFARER AREREBRILE
AR RARFE LR, RF2d51HE
B RRAL, FARBEE] A B s R 34 A0 B 4
(P<0.05), W32,
23 2ABEEAGFMERELRER
5540 LTC /3 . FFC ffi . HKA f1. LFC i .
FTC i 2 54580 FA/N(P<0.05), TL3k 3.
2.4 2 HBEXT ROM. THEANLSH LR
BT ROM, F&R 2 mLDFA . HKA s} [i] [
RAAHNRFEELEAEM . 2 1B ROM,

R12EELFBEE [(X+5)/m(%)]

Tab.1 Comparison of baseline data between two groups [(X+5)/n(%)]

BTk 5T (n = 50) X HELH (n = 50) Pt P
51 0.679 0.410

L 17(34.00) 21(42.00)

% 33(66.00) 29(58.00)
AEIE (%) 62.77 £ 6.72 64.15 + 6.49 1.045 0.299
REFRE (kg/m?) 22.97 + 1.46 2321+ 1.53 0.803 0.424
FRR 0.641 0.423

L 22(44.00) 26(52.00)

A 28(56.00) 24(48.00)
Jpife(a) 455+0.72 474 +0.81 1.240 0.218
FARFK-Lor ) 1.010 0.315

|| 24 20(40.00) 25(50.00)

V& 30(60.00) 25(50.00)

R22AFARBERARGREBERLLE (X£s)
Tab.2 Comparison of surgical conditions and postoperative rehabilitation between two groups (X +s)

215 AR () AR AORE g (mL) FARHFA] (min) ARJE2 d5 i (mL) fEBERtEl (d)
5 50 364.85 +32.17 78.61 + 6.39 267.65 +39.81 11.96 +2.65
pagiicE::) 50 425.63 +43.26 95.25+8.11 329.14 + 55.40 13.83 +3.40
t 7.972 11.396 6.374 3.067
P <0.001" <0.001" <0.001" 0.003"

‘P <0.05,
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Tab.3 Comparison of positional deviations between two groups of prosthetic components [(X+s), °]

20 5] FEAR (n) LTCf FECi HKAfA LFCfH FTCf

ifF5Ed 50 0.48 +0.15 0.29 +0.08 0.65+0.19 3.81+0.94 0.12 +0.03

Xt HEZH 50 0.79 +0.26 0.94 +0.26 1.86 £0.25 7.26+1.52 0.86 +0.22

t 7.303 16.896 27.248 13.650 23.566

P <0.001" <0.001" <0.001" <0.001" <0.001"
P <0.05,

TEARAL mLDFA . HKA B LA, W 2ZE5H%
B X (P<0.05), BIfEESARN . FARATG
ASTa] B 8] 5 B 2T ROM ., &R mLDFA, HKA
25 A G5 L (P<0.05), BIZELERTRIZN ;
2 T ARRIE ML ROM BAEH K)G B T Vit
o AR mLDFA ., HKA 2255 # T F i
e, A2 A BB S—G RiT24
S ROM ., SR mLDFA . HKA 1925 RTS8
PR L (P>0.05); FRAARGE3IANH. 640H.
124 H BT ROM K FXF AL, IR mLDFA |
HKA K XA (P<0.05), W& 4,
25 2HELTSHLEE

SCERHRIE e A A A R] PR 2 RNy
HINEFAERTA . 2 AR R E .
R, A EEAR R, HARZERARITFE L (P<
0.05), RIFFFEST AN o T A5 A [ s ) 852
FERRES . BE, PENERAEGITFE XL
(P<0.05), BDFFFEmEIZLN ; 2 L FARA0JE %

BrEE s, PR BB mEG TR RE
o H2 AN BB R AT S8 RET24%
MR E s, PR PR 2 R g E R L
(P>0.05); MIRARE3IANH. 6 40H. 124 H
WA L, iR YR TR (P <
0.05), WL 5,
26 2HEBXRTIEE EFRELE

HSS. AIMS2 V53 i} (] K 26 A4 41 R R AE 7
THAEM . 24 HSS, AIMS2 ¥Er Bk b4, @4
] 25 A Gi it 5 X (P<0.05), BIAELES 400 .
TR B 5 A [B ] 18] A5 HSS . AIMS2 PE4M 1 2% S
Giiteam X (P<0.05), BIFFAERT a0 ; 2 AR
& HSS ¥Por 2B M m e, AIMS2 PF-45 5 2 ¥
Mk s, A2 M fbafonsge—8; Rur
220 HSS. AIMS2 PP 22 S Rg it 2 L (P>
0.05); MIRARE3INH . 6 ~H . 1249 H HSS
RN T REIR 4, AIMS2 P20 T % B 4H (P <
0.05), W6,

R4 2HBEXT ROM TRALSHLE [(x£5), ° ]

Tab.4 Comparison of knee joint ROM and lower limb force line parameters between two groups [(X+5), °]

LD AR FEAEG) AHif ARIE31MH ARIE6H RIG124H it
ROM FRHE 50 86.39+422  108.71+5.13  11039+5.04  110.75+5.01  104.06+5.03
XTHEZH 50 87.54+4.69  10224+487 10351517  103.65+521  99.24+4.97
&it 100 86.97+4.51  105.48+4.96  106.95+5.11  107.20+5.14  101.65+4.98
F 0.822 21.092 22.679 23.985 11.663
P 0.441 <0.001" <0.001" <0.001" <0.001"
FERMIMLDFA  WFT4H 50 94.75+£9.64  85.13+7.54 84.89 + 7.61 84.76 +7.53 87.38 +8.01
XTHEZH 50 94.13+9.78  89.61 +£8.20 89.45+8.11 89.19 + 8.06 90.60 + 8.35
&it 100 9444+£9.71  87.37+7.86 87.17 +7.94 86.98 + 7.82 88.99 +2.19
F 0.051 4.052 4.162 4.022 3.629
P 0.950 0.019* 0.017° 0.019° 0.028"
HKA FRHE 50 7.63 +0.95 0.35+0.11 0.33+0.10 0.32+0.10 2.16 +0.45
XTHEZH 50 7.56+0.91 0.84 +0.26 0.81+0.25 0.80 +0.23 2.50 +0.52
&it 100 7.60 + 0.93 0.60 £0.21 0.57+0.22 0.56+0.19 2.33+0.48
F 0.072 71.497 67.995 85.240 6.191
P 0.931 <0.001" <0.001" <0.001" <0.001"

‘P <0.05,
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Tab.5 Comparison of gait parameters between two groups (X + s)
eIt ARl AR RHT AJE31H AKJg6tH ARJF121H At
THEREIE (%) B4 50 59.01+124 62.87+1.15 6311120 6325+1.19 62.06+1.19
XHRAE 50 5933+131  60.54+122 61.03+1.18 61.10+1.21  60.50+1.23
Gt 100 59.17+128  61.71+120 62.07+1.19 62.18+120 61.28+1.21
F 0.784 47.696 38.188 40.125 20.774
P 0.458 <0.001" <0.001" <0.001" <0.001"
#E (m) TRA 50 1.02+0.14 1.31+0.12 1.33+0.13 1.35+0.12 1.25+0.12
XTHEZH 50 1.06 +0.15 1.19+0.14 1.20+0.12 1.21+0.15 1.17 +£0.14
A1t 100 1.04+0.14 1.25+0.13 1.27+0.12 1.28+0.13 1.21+0.13
F 0.984 10.620 14.104 13.864 4.720
P 0.376 <0.001" <0.001" <0.001" 0.01°
# 1 (m/s) HRAE 50 1.03+0.12 1.31+0.15 1.35+0.16 1.36+0.15 1.26+0.14
XA 50 1.06 £ 0.13 1.18+0.13 1.20 £0.14 1.20+0.16 1.16 £0.14
it 100 1.05+0.12 1.25+0.14 1.28 £0.15 1.28 +0.15 1.21+£0.14
F 0.791 10.783 12.500 13.751 6.378
P 0.455 <0.001" <0.001" <0.001" 0.002"
P <0.05,
Ro6 2EBREXTUR . EFRERE [(Xx5), 7]
Tab.6 Comparison of knee joint function and quality of life between two groups [(X+s5) , scores]
eIt ZH 5 AR (n) ANHT ARIE31H Y NETHM RIE1240H A1t
HSS W5 50 46.13 +3.15 70.16 + 3.67 7821 +3.15 84.40 + 2.86 69.48 +3.21
Xof BEZH 50 47.05+3.22 68.23 +3.54 76.04 £3.22 82.15+3.10 68.37 +3.05
a1t 100 46.59 +3.18 68.70 +3.59 77.13+3.20 83.28 +£2.94 68.92 +3.12
F 1.045 4.070 5.775 7.217 1.577
P 0.354 0.019° 0.004" 0.001" 0.209
AIMS2 FoEdd 50 4.11+0.76 2.75+0.58 2.31£0.44 2.26+0.38 2.86+0.51
X HE 2R 50 4.02+0.81 3.10 £ 0.62 2.65+0.51 2.59+0.42 3.04 +0.56
At 100 4.07+0.78 2.83 +0.60 2.48 £0.47 2.43 £0.40 2.95+0.53
F 0.166 4.878 6.455 8.501 1.427
P 0.847 0.009 0.002" <0.001" 0.243
P <0.05,
TT2AHFEELE [n(%)]
Tab.7 Comparison of complications between two groups [1(%) ]
2851 A (n) I kg P KTTAEAE A1} THEDVT A1t
ikl 50 1(2.00) 0(0.00) 0(0.00) 1(2.00) 2(4.00) 4(8.00)
pagiisti:) 50 1(2.00) 2(4.00) 1(2.00) 2(4.00) 3(6.00) 9(18.00)
Va 2.210
P 0.137
27 2AHKRELR 3 itig

WRFEAI S 2 0 B e, 22 52

GiitepE X (P>0.05), W7,

TKA 2 i K67 KOA W d5c )2 i) T AR J7
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WA, A T BE TR RS i

AR R 2 FOR IR R S, Bl R 3D PSI
FEI iz, HARER A PR AR B R AR
faifb TKA e e #,  $ o B AR G i 3 I
WG, ATRERAR h RGN B =14 K
il ORISR A R R, AR R S
M. AJF 2 d5IHREET AL, FARRBE
A3 g sk 1) 34 5 %o AR ZH 46 (P < 0.05), D BB 2 ik R
3D PSIf B BB AL T REAE, A B T ARG IR IEK
2o 02 W EIERERILE, ZREGRITEE
X(P>0.05), "JHeSAM R BEBUNREAR R/ NG
Koo AHE—LEFTH R R 3D PSI 4 Bl TKA )
RO, RIGHEVE 12 4 A 258 B8R, BFdR
JG3MHAL 6 A 12 AKX ROM, CHERT
BESE. PR, PERERFNH . 12401

HSS PEAr ¥ X 4, Rl 640 H. 1244
AIMS2 PEAMIE T X IR (P < 0.05), LAl I, #

I K 3D PST4# B TKA REARE dF 58 2 I 56 35 D B
WA, mAETERE. Ak Bk R 3D
PSI ALK BTN L B AL, R B R T34l I3
it 3D FTERE AR B BARA AL R 1 8%, FTEE
AR S5 MO VCELEE , DA 8 3 AR 5 AT B it
Troiaedl gk, $Rm R,

T B 2R T AR B S R AR
WA A, AR R T S ORS ME A Y B AR R
K AT R R 3D PSTEAF GG HEB TP B . AR
FREER R, W94 LTC fa . FFC /3. HKA £ .
LFCffi. FTIC AW 2ZE ARG 3MHA . 6 1 H . 12
A H &R A7 mLDFA, HKA $ % % B 4H /N (P <
0.05), F UM H M TKA, RMHH MR 3D
PSI A BIA T KOA AT S EXE T, ARLER T
W ZesEH, A FTR AT R 3D FTERR AR AT
AT, s . RE Rl AR R e
RIS 1) d i A gE TR, 425 52 IR i
B EROE T, [FIREAR R oR R 22 B T A
PEATRCHE, oG R ) 2 07 B s UL IR 22, A
LSRG HE T 2R, e m A T #E S5 AT
FA A B — ek . AN, %R A St 1A ]
REAFTE R IR PER2, (D) HF CT Bk BR e,
ZRCE AL, T A 5 A T X LUK B 0
G, MNIMTEE HR)5 SE BRI 22 5 (2) R 1 AR B R 4

B ARG BE B SR R N R 3 2 90 R v
AT M BT — stk I R e
SR, R

gi LR, HAIMCE 3D PS4 B TKA 1697
KOA RUR#Y), BERALFARWRE, e BiAE A
KGR, Pl PRGOS, AR R R XU
A TFARERAIERE , 865 B E BT DI X
A, HEdEie, BEetre, HEARPRAE
KEBAN, AT KEAREEESE L0,
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