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Measurement of the accuracy of total knee replacement navigation system and method

implementation

ZHENG Lifu
Beijing Institute of Medical Device Testing, Beijing 101111, China

Abstract: Objective To propose an approach to measure and quantify the parameters of total knee replacement navigation
system, thereby realizing the measurement of the accuracy of the navigation system. Methods The test system used laser
tracker, spherically mounted retro-reflectors and saw simulation tool to capture the location and orientation of the positioning
plane of the navigation system. The spatial coordinates of the spherically mounted retro-reflectors were utilized to calculate
the positioning geometry data of the navigation system for accurately measuring the precision and accuracy of the navigation
system. Results The proposed method was applied on a total knee replacement navigation system for several rounds of
measurements and analysis. The positioning location accuracy, positioning location repeatability, positioning orientation
accuracy and positioning orientation repeatability of the navigation system were calculated, and the validity of the test data
was analyzed. Conclusion The proposed method which is easy to operate, with high repeatability and accurate test results can
effectively help technicians test and analyze the positioning accuracy of the navigation system.

Keywords: total knee replacement navigation system; laser tracker; saw simulation tool
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Figure 3 Saw simulation tool
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Figure 4 Test environment
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Figure 5 Laser tracker coordinate system
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Figure 6 Positioning location accuracy analysis

22 ENEEE M
S 77 B R PRI 3 T A T Y

SRR A TS RARRIE R MER
F14) 388 3 AL 4 1 380 DR R ) 1 A T
SR P AT AR SR 2R 0 58 I 4

FE A B AN LG, MR T 8 AR
ST, A B B e LA B MRS RN 1 TR
8 WK T & SCH0 W fe KR 25 4 1.907 mm, e /MR ZE N
1.254 mm. PRFAR SRR A AP sl R A7 AN I il
IO EAE e VRl s 20 8 = N 20 AW
B, AR A6 A7 5 i A P ) 52 3 50 4 2% P
ORI ) T 2R e 1 5 B3A ) — P I A o7 A T AR

#1 EUAEEE M (mm)

Table 1 Positioning location repeatability (mm)

44 1 2 3 4 5 6 7 8

R 1.504 1.320 1.254 1.687 1.808 1.843 1.907 1.359

23 BMESERE

FE A LA HERG B B H 0 S PR
HEALR T3S 2B 7 B S AR S, RS
RE A 1B 0 AT I 46 4, 38 2k ATLBRRE B 1 1
RN PR AR5 FH P AT U R 4858 L
TR PR o A 8 2 A A ARG ) S 6 o, A TR
BV T A L TR AR T R AE 30
D, 515 3B B AL 0L TP 1, ML 23t F
SR 8K, THIAAS B A AT 1 5 B R T e
T 2 A7 23 A W B 7 BT, e R 2558 1.029°, e/l
TRZEN 0.621° AR YR A A0 128 25 M A 32 A6 ) 512 565 0 90
FHT, I 2R e 6 A i R OG5 8 4 TR X T A
RYGE N BB TRIEETE 2.0°Z NI EEK
24 ENERTESEM

FEN RS TR MDA H A Y
oL B F 0] A BT T, B R R R S, RGLRE

2.0+

0.5+

T

12 3 4 5 6 1 3

7 EAETSERE

Figure 7 Positioning orientation accurancy



- 502 -

N e

5539 %:

% 5 YA 1180 o BRI AR B D ke R
() AR ST, P AT DA AR 22 58 i 2 BT A 56 B A A
HEAE

ISR WA AN W= o L B/ s S ¢ S L DAER = e
() BERE L, REUAE B AL T2 1R 30 A
P05 15 3 i A AU T P T, PR A i 2R B B A
I A I AR T2 18P T, 54 B i AR
P T2 181 5 B R AU TR 4 i 1 e . 84
WA B o B A E A R L 2
TN FORAR 22 M 1.8820, i /NiR 2 1.227°, AT
RINEEE 2%, P2 208 V8 4B 8 i 1R 7 1 el
B TR, AR UE A A T AR M AR ) ST 3 K i 2R
AH Y G 0 11 T 2R 495 T A 8138 (] — - T %) ) R G
JER -

w2 EMETEEME)

Table 2 Positioning orientation repeatability (°)

A2 1 2 3 4 5 6 7 8

w7 1.339 1.382 1.755 1.700 1.442 1.517 1.227 1.882

R A5 T ] T A A A N TG e AR A B
L, T ERTF AT EEABS 104 LA ERE
G K256 o i 5 ARAI0 K, ARG E WK, it
30% A X FARBORAWE , TR HEwf BE7E 55%
Kio XAEGE X BEHRTF AR, FARBM ARG
W& M TR GE0E T484E , FARPLEE 4B mT ik
FARITZE LI B R R FARBOR Y, 24
PETE & 5 A B0/, ARG IR e 5 O HL 40 50 15 A 2
2 JEI BT L E A E N E A AR 2 A TR R T

X TR DT B T AR S R Ge i PRAT 1Y)
GNE AR T BT TS AFUE P A
T R T ARIE YY/T1712-2021 Hoxd TR ML 28 AT
AR5 BFAR PR GRIN I H A SCHE T —Ff
B XTI B TR AR Ge e A B R AL
(B E R O B ASER B A TR ARG
T35 7 B A WO IR RSO TR 2R G o 1 AR
SR TS (7 B A, BRSSP R D A 3R
GRS L By TR S G AR RS SR ACR

FR G0 1 S AN A R R A A7 A R
PRAEF P e 0 R G i A v, BB 6% o A 5 R )
PFEEE, ASHEAERE A IR, R
B 1) 5L S ASHER B R E S A A M, FEARUE
MR ARG SR, BT 58 &g T
KHEA o FTLAAR SOR 2 0 7 B R L v B

=K R R AT R T ) WA AT W =R e X (S 1S ST ]
BT AR SRS F LA E

ARSOWE 3 BRI 7 i — B T B TR
U FR GO BE IR A T A, A5 30 R A A E AR d,
F[0.779 mm, 1.341 mm | X [0] o o7 4o ' o &2 A F
[0.693 mm, 1.124 mm J X [A] &2 WEREE 6, T
[0.621°,1.029° JIX [A] & {7 LA HE B R4 T[1.227°,
1.882° | X [H] S 25 SR R WY, A SCHE a4 I 2
RERS R TR B A RS L, HE A RIF &
PR AT RO BT AR MRS

PRI R T AR IAEE S 2%, BEDLE Lo, X e
TEBRTFARFMAEN S BN S E R, K
D PR X DA 55 BT AT I R S 5t 264 I E g v B A
IR TFARE Qe 5efE it — L T % 8,

[ k)

[1] HAN SY, RODRIGUEZ-QUINTANA D, FREEDHAND A M, et al.
Contemporary robotic systems in total knee arthroplasty: a review of
accuracy and outcomes[ J . Orthop Clin North Am, 2021, 52(2): 83-92.

[2] Xl AR EHIMHEE[M]. Ll RAEFAHE FR—X T 4F
FE& kg, 2001.

WU H S. Total knee replacement surgery course [M]. Shanghai
Changzheng Orthopaedic Hospital-Professional Center of Joint
Surgery, 2001.

[3] ZHUY, CHENJ X, FU X D, et al. A virtual reality system for knee
diagnosis and surgery simulation[ C ]. Proceedings of IEEE Virtual
Reality. IEEE, 1999: 84-88.

(4] EZ#w, TE3%, LW, ikt s 545 R Lot i, 42
Pt R AT, P A E S & &, 2006, 86(9): 589-591.
WANG M Y, WANG J Q, WANG T M. Strengthen the basic and
clinical research of computer-assisted orthopaedic surgery and advance
the clinical application there of steadily[J]. National Medical Journal
of China, 2006, 86(9): 589-591.

[5] BUKOWSKI B R, ANDERSON P, KHLOPAS A, et al. Improved
functional outcomes with robotic compared with manual total hip
arthroplasty[ J]. Surg Technol Int, 2016, 29: 303-308.

[6] AT MBEAHMEMET BT RKFAER LG LAILIER
e A D], g B @ R F, 2009.

ZHAO Z J. Research and preclinical application of robot assisted
navigation system for total knee arthroplasty[ D |. Shanghai: Shanghai
Jiao Tong University, 2009.

[7] OFASA,ROSS B J, FLICK TR, et al. Robotic total knee arthroplasty
vs conventional total knee arthroplasty: a nationwide database study
[J]. Arthroplasty Today, 2020, 6(4): 1001-1008.

[8] PERETS I, WALSH J P, CLOSE M R, et al. Robot-assisted total hip
arthroplasty: clinical outcomes and complication rate[J]. Int J Med
Robot, 2018, 14(4): e1912.

[9] ST MARTJ P, GOH E L, SHAH Z. Robotics in total hip arthroplasty:
a review of the evolution, application and evidence base[ J]. EFORT
Open Rev, 2020, 5(12): 866-873.

[10] HORI K, KURODA T, OYAMA H, et al. Improving precise positioning
of surgical robotic instruments by a three-side-view presentation
system on telesurgery[ J]. J Med Syst, 2005, 29(6): 661-670.

[11] LESLIE I J, WILLIAMS S, ISAAC G, et al. High cup angle and
microseparation increase the wear of hip surface replacements[J]. Clin
Orthop Relat Res, 2009, 467(9): 2259-2265.

[12] TREAT M R, AMORY S E, DOWNEY P E, et al. Initial clinical
experience with a partly autonomous robotic surgical instrument server
[J]. Surg Endosc, 2006, 20(8): 1310-1314.

[13] SAUER P, KOZLOWSKI K R, PAZDERSKI D, et al. The robot
assistant system for surgeon in laparoscopic interventions| C ]/Fifth
International Workshop on Robot Motion and Control. IEEE, 2005:
55-62.



4

- 503 -

[14] ANVARI M. Reaching the rural world through robotic surgical
programs.European surgery[ J]. Eur Surgery, 2005, 37(5): 284-292.

[15] DU Z J, WANG M N, KONG M X, et al. Virtual reality-
basedteleoperator of robot-assistant setting-bonesurgery [ C 1//2006
International Conference on Mechatronics and Automation. IEEE,
2006: 339-344.

[16] CARDIN M A, WANG J X, PLEWES D B. A method to evaluate
human spatial coordination interfaces for computer-assisted surgery
[ CJ//Medical Image Computing and Computer Assisted Intervention.
Springer, 2005: 9-16.

[17] CHOWDHURY A S, BHANDARKAR S M, TOLLNER E W, et al.
A novel multifaceted virtual craniofacial surgery scheme using
computer vision [ C |//International Workshop on Computer Vision for
Biomedical Image Applications. Springer, 2005: 146-159.

[18] KIM K, CHOI J H. Collaborative Surgical Simulation Overthe
Internet[ J]. IEEE Internet Comput, 2001, 5(3): 65-73.

[19] SEICHI A, TAKESHITA K, NAKAJIMA S, et al. Revision cervical

spine surgery using transarticular or pedicle screws under a computer-
assisted image-guidance system [J]. J Orthop Sci, 2005, 10(4):
385-390.

[20] DAVILA J A, KRANSDORF M J, DUFFY G P. Surgical planning of
total hip arthroplasty: accuracy of computer-assisted EndoMap
software in predicting component size[ J ]. Skeletal Radiol, 2006, 35
(6): 390-393.

[21] CORCIONE F, ESPOSITO C, CUCCURULLO C, et al. Advantages
and limits of robot-assisted laparoscopic surgery: preliminary
experience[ J]. Surg Endosc, 2005, 19(11): 117-119.

[22] ESPOSITO M P, ILBEIGI P, AHMED M, et al. Use of fourth arm in
da Vinci robot-assisted extraperitoneal laparoscopic prostatectomy:
novel technique[ J . Urology, 2005, 66(3): 649-665.

[23] TAYLOR R H, STOIANOVICI D. Medical robotics in computer-
integrated surgery[J]. IEEE Trans Robotics and Automation, 2003,

19(5): 765-781.
(Y4 B 5%



