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Abstract Objective: To evaluate the clinical outcomes of personalized coronal alignment in total knee arthroplasty (TKA) for the
treatment of knee osteoarthritis. Methods: Wanfang Database, VIP Database, CNKI, China Biology Medicine disc, PubMed, The
Cochrane Library, Web of Science, and Embase were searched for comparing the randomized controlled trials (RCT) between personalized
alignment and classical mechanical alignment (MA) in total knee arthroplasty for the treatment of knee osteoarthritis. The personalized
alignment techniques included kinematic alignment (KA), restricted kinematic alignment (rKA), adjusted mechanical alignment (aMA),
and functional alignment (FA), with a timeframe from the creation of databases to February 2024. Meta-analysis was performed using
Microsoft Excel 2021 and RevMan 5.3 software. Results: A total of 11 eligible RCTs were included. The Oxford knee scores at 3 months
after surgery, the American Knee Society Score (KSS) knee scores at 6 months after surgery, and the KSS functional scores at 2 years
after surgery were significantly better in the KA group than those in the MA group, and the difference in the rate of prosthesis revision
at 5 years or more after surgery was not statistically significant between the two groups. The total KSS scores at 1 year after surgery was
significantly better in the rKA group than those in the MA group. The development of FA was closely related to robot-assisted technology,
and the visual analog scale (VAS) scores at 3 d after surgery was significantly lower in the FA group than those in the MA group. No
RCT studies comparing aMA with MA was retrieved. Conclusion: Compared with the classical mechanical alignment technique, the
personalized alignment technique demonstrated better functional outcomes in early postoperative follow-up and showed no higher rate of
prosthesis revision in long-term follow-up. Robot-assisted technology facilitates the use of personalized alignment in TKA, but its clinical
effectiveness needs to be further verified.
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Figure 3 Summary of bias risk in the included literatures
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Figure 4 VAS pain scores at 3 months postoperatively ( KA vs MA )
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Figure 5 WOMAC scores at 2 years postoperatively ( KA vs MA )
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Figure 6 Postoperative KSS functional scores ( KA vs MA )
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Figure 7 Postoperative KSS scores ( KA vs MA )
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AE3A KA%H MAS] Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Laende 2019 2r 83 24 24 B84 23 221% 3.00[1.78,7.78] B
Sarzaeem 2021 2879 457 32 2447 574 32 T77.9% 4.32[1.78,6.86) _._
Total (95% Cl) 56 55 100.0% 4.03[1.78,6.27] -
Heterogeneity: Chi*= 0.23, df= 1 (P = 0.63); F= 0% r I 5 : %
Testfor overall effect £=3.52 (P = 0.0004) SHMAR ﬁﬁKﬁéﬁ
RE6 A KASH MAZH Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Ci Ran omLQS% Cl
Dossett 2012 40 81 41 33 89 41 504%  7.00(3.10,10.90]
Laende 2019 30 BS 24 29 75 23 496% 1.00[-3.02,5.02)
Total (95% CI) 65 64 100.0% 4.02 [-1.86, 9.90]
Heterogeneity: Tau®=13.92; Chi*= 4.41,df=1 (P=0.04), F=77% 10 0 10 20
Test for overall effect Z=1.34 (P=0.18) ﬁ, JAR EI$KAR
RE1E KASH MAZR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Laende 2019 31 78 24 30 78 23 100.0% 1.00[-3.46, 5.46]
Total (95% CI) 24 23 100.0% 1.00 [-3.46, 5.46]
Heterogeneity: Not applicable g 5 %
Test for overall effect Z=0.44 (P = 0.66) §§'}MA§E EﬁKAiE
RE2 & KAZH MAZH Mean Difference Mean Difference
Study or Sul Mean SD Total Mean SD Total Weight IV. Random, 95% Cl IV, Random. 95% Cl
Dossett 2014 40 102 44 33 111 44 204%  7.00([255 1145
Laende 2019 b I 24 30 86 23 28.0% 1.00[-3.70,5.70]
Young 2017 42 6 49 41 6 50 426% 1.00 (-1.36, 3.36)
Total (95% CI) 117 117 100.0% 2.76 [-0.91, 6.44)
Heterogeneity: Tau®= 6.80; Chi*= 569, df= 2 (P = 0.06); F= 65% _1 0 _5 -
Testfor overall effect Z=1.47 (P=0.14) HI$MAR EﬁKﬁéﬁ
RESEE KAZR MAS] Mean Difference Mean Difference
Study or Su Mean _SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Dossett 2023 414 72 47 #1.7 B3 48 784% -030[3.02 242
Young 2020 41 74 26 44 1037 22 21.6% -3.00[8.19, 219
Total (95% CI) 73 70 100.0% -0.88[-3.29,1.53]
Heterogeneity: Chi*= 0.82, df=1(P=0.37), F=0% _20
Test for overall effect Z=0.72 (P =0.47) ﬁMA&B EZ?%WE
B8 AKjg OKS T4 (KAvs MA)
Figure 8 Postoperative OKS scores ( KA vs MA )
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AE3AH KAZH MAZH Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Waterson 2016 111.7 133 36 1103 141 35 7.8% 1.40[4.98 7.79
2% 2022 110 49 98 109 79 96 022% 1.00[0.85,285] —l—
Total (95% CI) 134 131 100.0% 1.03 [-0.75, 2.81] ?
Heterogeneity: Chi*= 0.01, df=1 (P = 0.91), #= 0% VI B
Test for overall effect Z=1.14 (P = 0.26) SHMAR SHKAR
AXE6 A KA MASH Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Dossett 2012 120 9.2 41 115 123 41 48.6% 5.00(0.30,9.70]
Waterson 2016 116.9 9.7 36 1168 83 35 51.4% 0.10[-4.32, 4.52)
Total (95% CI) 77 76 100.0% 2.48[-2.32,7.28])
Heterogeneity: Tau®= 6.59; Chi*= 2.22, df=1 (P = 0.14); F= 55% _2‘0 _1"0 . 1'0 2*0
Testfor overall effect. Z=1.01 (P=0.31) EIHMAE SIFKAR
RE1E KAZH MAH] Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Waterson 2016 1185 12 36 1184 94 35 100.0% 010[-4.91,5.11)
Total (95% CI) 36 35 100.0% 0.10[-4.91,5.11]
Heterogeneity: Not applicable +—+ t t +
o _ 20 10 0 10 20
Test for overall effect: Z=0.04 (P=0.97) THMAR TSKAE
RE2 & KAsH MAZH Mean Difference Mean Difference
Study or Su Mean SD Total Mean SD Total Weight IV. Random. 95% ClI IV, Random, 95% Ci
Dossett 2014 121 104 44 113 125 44 47.8% 8.00([3.20,12.80) ——
Young 2017 119 11 49 116 11 50 522%  3.00[-1.33,7.33]
Total (95% CI) 93 94 100.0%  5.39[0.49,10.28]
Tost bt v et Zo 218 P00 30 40 0 10 20
: ‘ : TIFMAE EHHKAE
B9 AREBRXTEMHENE (KAvs MA)
Figure 9 Postoperative knee joint flexion range of motion ( KA vs MA )
TREH KAZH MASH Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dossett 2023 g 44 7 44 46.7%  1.14[0.45,2.89] ——
Young 2020 5 49 4 a0 26.4% 1.28 [0.36, 4.47] -
2k¥ 2022 3 k] 4 96 26.9% 0.73[0.17,3.20] bl
Total (95% CI) 191 190 100.0%  1.07 [0.55, 2.07] e
Total events 16 15
o = - - 1 [l 1|_ 1 1
Toor VT SN 2o GO P 008 005 02 ‘ 5
o | HHKAE SEpSMAR
BRiEEE KA MAZH Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M.H, Fixed, 95% CI
Dossett 2023 2 44 3 44 BBS% 067 [0.12, 3.80]
Young 2020 0 49 1 a0 331% 0.34[0.01,8.15) =
3kH 2022 0 98 0 95 Not estimable
Total (95% Cl) 191 190 100.0% 0.56[0.12, 2.54] B
Total events 2 4
e AR _ - = 1 + + +
T b o
=0 | EIKAE AR

E10 AREBHEZEXRBEDEE (KAvs MA)
Figure 10
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FaE

rKASH MAZH Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight [V. Random, 95% CI IV, Random, 95% CI
Calliess 2017 190 18 100 178 17 100 353% 1200(7.15, 16.85) =
Matsumoto 2017 161.2 1429 30 1565 1676 30 327% 4.70[-3.18,1258] T
Matsumoto 2020 187.8 1433 30 1566 19.29 30 32.0% 31.20[22.60, 39.80) ——
Total (95% CI) 160 160 100.0% 15.76 [2.52, 28.99] —~—
Heterogeneity: Tau®= 123.17; Chi*= 21.37, df= 2 (P < 0.0001); F= 91% 3010 0 10
Testfor overall effect Z= 233 (P=0.02) EHMAE HHKAR

rKAS MAZH
Study or Subgrou Mean SD Total Mean SD Total Weight
Calliess 2017 180 18 100 178 17 100 59.4%
Matsumoto 2017 161.2 14.29 30 1565 16.76 30 406%

Total (95% ClI) 130
Heterogeneity: Tau®= 15.49; Chi*= 2.39, df=1 (P=0.12); F= 58%
Testfor overall effect Z=2.52 (P = 0.01)

130 100.0%

Mean Difference

IV, Random, 95% CI

Mean Difference

12,00 [7.15, 16.85]
470318, 12.58]

9.04 [2.01, 16.06]

IV. Random, 95% Cl
 _
——.——-

E

3010 0 10 20
THMAE HFKAE

B 11 ARE14£KSS &E5 (rKAvs MA)
Figure 11 KSS total scores at 1 year postoperatively ( rKA vs MA )
rKAS MAZ] Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Matsumoto 2017 1223 89 30 1168 126 30 21.9% 550002 11.02]
Matsurmoto 2020 1247 841 30 1231 69 30 46.0% 1.60[-2.21,541]
McEwen 2020 127 10 41 127 1N 41 322% 0.00[-4.55 4.55)
Total (95% CI) 101 101 100.0% 1.94 [-0.64, 4.52]
Heterogeneity: Chi*=2.33,df= 2 (P=0.31); F=14% N t i t t t t
Testfor overall effect Z=1.47 (P=0.14) 20 10 §ﬁMAU§#§=rKA 10 20
B 12 AREBRXTEHENE (rKAvs MA)
Figure 12 Postoperative knee joint flexion range of motion ( rKA vs MA )
AREH rKASH MAZ Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% CI
Calliess 2017 2 100 1 100 250% 200[018,21.71] -
Matsumoto 2017 0 30 0 30 Mot estimable
McEwen 2020 4 41 3 41 75.0% 1.33[0.32,5.59]
Total (95% Cl) 171 171 100.0%  1.50 [0.44, 5.11]
Total events 6 4
Heterogeneity: Chi*= 0.08, df=1 (P = 0.77); F= 0% F t . i i
. N 0.001 0.1 1 10 1000
Test for overall effect. Z=0.65 (P =0.52) EIHKAL SHMASE
BERiE rKASH MAZ Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H. Fixed. 95% ClI M-H. Fixed, 95% CI
Calliess 2017 2 100 1 100 66.7% 2.00[0.18,21.71]
Matsumoto 2017 0 30 0 30 Not estimable
McEwen 2020 1 41 0 41 33.3% 3.00[013,71.56) =
Total (95% CI) 171 171 100.0% 2.33[0.35, 15.57] sl
Total events 3 1
e AR — - e I + + 1
Heterogeneity: Chi*=0.04, df=1 {P=0.84); F=0% 0.001 01 10 1000

Testfor overall effect Z=0.87 (P=0.38)

18 AREGEZEXRREBEEEE (rKAvs MA)
Figure 13
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1T Meta 5341 o
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rKASH MA%H Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Matsumoto 2017 26 3] 30 251 BA 30 590% 0.90[-2.186, 3.96)
Matsumoto 2020 289 BY9 30 249 76 30 41.0% 4.00(0.33, 767 ——
Total (95% CI) 60 60 100.0% 2.17[-0.18,4.52]
Heterogeneity: Chi*= 1.61, df=1 (P = 0.20); F=38% H0 5 ¢ & 10
Test for overall effect Z=1.81 (P=0.07) EHMAR EHKAR

B 14 BEHBZEES (rKAvs MA)
Figure 14 Patient satisfaction scores ( rKA vs MA )
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Figure 15 Funnel chart
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