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ABSTRACT

Objective: Precise minimally invasive treatment has gradually become a core concept in
modern surgery, and the rapid development of intelligent robotic systems has further
promoted precision minimally invasive fracture management as an inevitable trend. This
study aimed to compare the clinical efficacy of robot-assisted minimally invasive
techniques with conventional open reduction and internal fixation (ORIF) in the treatment
of Schatzker type I to I1I tibial plateau fractures.

Methods: Clinical data of patients with isolated Schatzker type I to III tibial plateau
fractures who underwent surgical treatment at the Third Hospital of Changsha between
June 2022 and August 2024 were retrospectively collected. According to the inclusion and
exclusion criteria, 45 patients were enrolled and divided into a robot-assisted group (n=18)
and an ORIF group (n=27) based on the treatment strategy. Surgical incision length,
operative time, intraoperative blood loss, length of hospital stay, fracture reduction quality,
fracture healing time, total hospitalization cost, and postoperative complications were
compared between the 2 groups. Fracture reduction quality was evaluated using the
Rasmussen radiological scoring system, and knee joint function was assessed using the
Hospital for Special Surgery (HSS) knee scoring system.

Results: The operative time was (133.56+24.09) min in the robot-assisted group and
(132.19£27.28) min in the ORIF group, with no statistically significant difference (P=
0.864). Intraoperative blood loss was 20.00 (8.75, 50.00) mL in the robot-assisted group
and 100.00 (50.00, 100.00) mL in the ORIF group, showing a statistically significant
difference (P=0.003). The incision length was (3.4440.51) cm in the robot-assisted group
and (10.89+£3.27) cm in the ORIF group (P<0.001). Length of hospital stay was (6.44+
1.25) d in the robot-assisted group and (11.48+1.89) d in the ORIF group (P<0.001).
Fracture healing time was (11.94+1.26) weeks in the robot-assisted group and (12.96+0.90)
weeks in the ORIF group (P=0.006). Time to full weight-bearing was (13.17£1.15) weeks
in the robot-assisted group and (14.33+0.96) weeks in the ORIF group (P=0.001). The total
hospitalization cost was (17 760.454+2 975.69) yuan in the robot-assisted group and
(21 631.17+1 911.76) yuan in the ORIF group (£<0.001). The HSS score was (90.17£8.07)
in the robot-assisted group and (84.22+8.05) in the ORIF group, with a statistically
significant difference (P=0.020). The Rasmussen radiological score was (16.3341.78) in
the robot-assisted group and (15.15£2.09) in the ORIF group, without statistical
significance (P=0.055). The overall excellent-to-good rates of Rasmussen radiological
scores were 94.44% (17/18) and 92.59% (25/27) in the robot-assisted and the ORIF groups,
respectively. The overall excellent-to-good rates of HSS scores were 94.44% (17/18) and
88.89% (24/27), respectively. No statistically significant differences were observed
between groups (all P>0.05). No postoperative complications such as infection, fracture
nonunion, or internal fixation loosening occurred in the robot-assisted group. In the ORIF
group, 1 patient developed superficial incision infection postoperatively, which healed after
oral antibiotics and wound dressing changes; another patient developed peroneal vein
thrombosis, which resolved after anticoagulant therapy. The overall complication rate was
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0% 1in the robot-assisted group and 7.41% (2/27) in the ORIF group, with no statistically
significant difference (P>0.05).

Conclusion: Robot-assisted minimally invasive techniques achieved satisfactory clinical
outcomes in the treatment of Schatzker type I to III tibial plateau fractures, with advantages
including reduced surgical trauma, faster recovery, and fewer complications. However,
larger-scale studies are still required to further validate these advantages.

tibial plateau fracture; robot-assisted minimally invasive technique; Schatzker
classification; open reduction and internal fixation; clinical efficacy; HSS score;

Rasmussen radiological score

A B IRER TN AR, 4
BT A 1%~2%"7 . Schatzker I~ B 37 3 2 2 %
JRBAMUN- 5, Z RS e as B I A v AR
PR, o5 A IR BB TR 55%~70%,
Schatzker I~TIY B 47367 A 24 0] GE- S BB SC 35 XL
ANRFREYE TR, eEP R AT, R
BT T I 2 mm B, 7 AR K
SRR, DU I R AER ., YIIT A
32 P & %E (open reduction and internal fixation, ORIF)
JEIAYT Schatzker INIIBRV BT “ G bpife”, (HHG
KRR B RN LU 2 B FG RN, BT RN
PR OGRS I R AE . B PRI AR A A W
KT, ST B B 2 AL BOR AT AR B AR AR T IR O
T 35 B S S AL [ E A L, ABATI A7 O s P LB
ZBR . R PARAAT SR | BT O ORI 4R
VEBORZOR e SR [y, E TRtk 2 A7 N [
SEFARMIT RO LU E NG, HIR BRI
15 EAMERE R Ak B B KBS R R TRS T
KA, DA KR R 52 28 ) 3 B0 B B ot s AR s
S Beila i 2 AR

AR, E™ CRIV BRI T RIS ARG
(TiRobot) 7E [F N 45 B4k ) 1 T, H SR AR TE Y
SHUERLRGE . B RERY BR AR ML B g8 DA KRR E
YERGAEIRS, EHH. B4, RETEFH TR
Hh R B e B B (R AR TR SN [ E T
AR, HLAF NG B 2R GERE IR I 32 5 B T R 14
HEYE, WD FAREM, s R, HEr, E
FEF AR & AN A I RN 2 46 b TRG AT,
40 B B4 52 A 0 T ) I P AR AT BR o AR5 [T Jet
PEAHT 2022 4F 6 H % 2024 4F- 8 H Kb i 58 = EEBe ik
V6 1Y 5.4l Schatzker I~ IE &7 & B 91 B & 111 PR
BORE, LB AT BB HOR 544 58 ORIF M1l TR
IFRC, RIRIRIRT T A

1 M&5F*E

1.1 {£IEFERR

ABFFE ARG P TSS = BE B T A 2 61 &t
HEAHES . KY-EC-2025-012), FTA HFEXTHFE N A
R (R B T2 8 R A 2 45 o

1.2 g

W BE 2022 4F 6 H E 2024 4E 8 AfER VDT =&
Wi 42 52 T ARIGIT IR B 6 B 3 83 1 R Bk
4 NARAE: 1)PA4l Schatzker INIIFEVEAT R )65
21 NG PEB TR 3 iRl N i
BAYY AL 58 ORIFIRYT I s 4)BE VIR A1=6 1~ H
HEEUiseRl e s s . HEbRAniE: DBRIBTE BT &
i DI EPTE A IR . A e E A R
3) T A A PTOOR B BT R, HREAA
S H RO A o IRIEA S HEBR bR o3
AN A5 BIEE, THARIEATT I 55T Ablds N (n=18)
F1ORIF 4H(n=27).

1.3 87 A&
1.3.1 RaTE4

FA B ABE G 2547 4 BPIRBLPEAR , JF 503
e XIEMIAL . CT 4 M =4EE . MRISEAHC
ARCERAY, WS YT IRAL . BERL L R SE T T
FRERE (1) ARBTARE B ERBLLS kS, M. 1k
JRAFAL I, IR AR T I R AN BB R K i
BIE . *FEIrBaHBNERE, ReCRHAE
PEATIG I [ 52 . HLAs AL E = <RI BRF
AHLEE N R GE(TiRobot), %R G H £ T, F
AR S0 . MU . SbsABRER R 40 DL R IT
Be T AR, AFTE A KE S TR -

©Journal of Central South University (Medical Science). All rights reserved.



508

TR KRR (E2AR ), 2026, 51(3)  https:/xbyxb.csu.edu.cn

E1 REI=Z#CTEZE®%

Figure 1 Preoperative three-dimensional CT reconstruction images
A-C: Lateral (A), anteroposterior (B), and posteroanterior (C) images of CT for the affected limb; D—F: Coronal (D and E) and

sagittal (F) images of CT for the affected limb.
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Figure 2 Surgical planning interface of the robotic navigation system

A: Reduction instruments and the position and angle of screw placement are designed based on preoperative CT images of fractures.
B: Paths of transverse parallel guide pin during surgery are planned. C: Paths of reduction guide pin in anterior and posterior
positions during surgery are planned. Dark blue, lilac, and light blue represent the 3 pre-placed guide pins oriented parallel to the

articular surface in the anterior, middle, and posterior positions, respectively.

B3 #128 A\HBh K EIE ST Schatzker B FITHXBER DL B

Figure 3 Key intraoperative steps of robot-assisted internal fixation for Schatzker type II fracture

A and B: Robotic system precisely places the guide pins. C: Guide pin is used to channel the reduction instrument from the initial
position to the preset position. D: Lever reduction is performed using the reduction instrument. E and F: While maintaining the
levered reduction, guide pins are inserted to temporarily fix the fracture. G: Cannulated screws are inserted through the guide pin
channels to complete the fixation. H and I: Intraoperative fluoroscopy is performed to confirm the fracture reduction and the efficacy

of internal fixation.
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Table 1 Comparison of baseline data between patients in the ORIF group and the robotic group
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Figure 4 Postoperative three-dimensional CT images
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Postoperative three-dimensional CT images demonstrate satisfactory reduction of the articular surface (A), appropriate placement of

screws (B), and good alignment and apposition of the fracture fragments (C).
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Table 3 Comparison of Rasmussen radiological score and HSS score between the ORIF group and the robotic group
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Table 4 Comparison in the distribution of excellent and good rates of Rasmussen radiological score and HSS score between

the ORIF group and the robotic group
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Figure 5 Postoperative incision and early functional exercise in patients in the robotic group

A: Length of the minimally invasive incision ranges from 1 to 2 cm. B: Status of knee joint mobility training in early postoperative

period.
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