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Abstract

While manual total knee arthroplasty (MTKA) has demonstrated excellent clinical
results, occasionally intraoperative damage to soft tissues can occur. Robotic-arm
assisted technology is designed to constrain a sawblade in a haptic zone to help ensure
that only the desired bone cuts are made. The objective of this cadaver study was to
quantify the extent of soft tissue damage sustained during TKA through a robotic-arm
assisted (RATKA) haptically guided approach and conventional MTKA approach. Four
surgeons each prepared 3 RATKA and 3 MTKA specimens for cruciate retaining TKAs.
RATKA was performed on one knee, with MTKA on the other. Postoperatively, 2
additional blinded surgeons, assessed and graded damage to 14 key anatomic structures.
A Kruskal-Wallis hypothesis test was performed to assess for statistical differences of
soft tissue damages between RATKA and MTKA cases. A p-value <0.05 was used as the
threshold for statistical significance, and p-values were adjusted for ties. Significantly
less damage occurred to the PCL in the RATKA than the MTKA specimens (p<0.0001).
RATKA specimens had less damage to the dMCL (p=.149), ITB (p=0.580), popliteus
(p=0.248), and patellar ligament (p=0.317). The results of this study indicate that
RATKA may result in less soft-tissue damage than MTKA, especially to the PCL.
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1 Introduction

While manual total knee arthroplasty (MTKA) has demonstrated excellent clinical results,
occasionally intraoperative damage to soft tissues can occur [1]. Soft tissue injury to the medial or
lateral collateral ligaments (MCL or LCL), posterior cruciate ligament (PCL), or extensor mechanism
may compromise post-operative clinical outcomes [2,3].

Stereotactically-guided bone preparation in robotic-arm assisted total knee arthroplasty (RA-TKA)
is desired to constrain a sawblade in a haptic zone to help ensure that only desired bone cuts are made.
The potential benefits to soft tissue protection have been clinically demonstrated for RA-TKA for
posterior stabilized (PS) TKA, showing less iatrogenic soft tissue trauma than conventional TKA [4].
However, there is limited data characterizing these injuries, if any, for cruciate retaining (CR) TKA
with the use of this technique. Therefore, the objective of this cadaver study was to compare the extent
of soft tissue damage sustained during CR TKA through a robotic-assisted haptically-guided versus a
conventional, manual TKA approach.

2 Methods

Twelve fresh-frozen pelvis-to-toe cadaver specimens (24 knees) were included: 6 females and 6
males. The mean age was 80.5 years (range 68-89) and mean BMI was 26 kg/m? (range 21-36 kg/m?).
There was no sign of previous joint replacement or fracture. Four surgeons each prepared 3 RATKA
and 3 MTKA specimens for cruciate retaining TKAs. RATKA was performed on one knee, with MTKA
on the other. Postoperatively, 2 additional blinded surgeons, assessed and graded damage to 14 key
anatomic structures according to the extent of percent damage (tissue fibers that were visibly torn, cut,
frayed, or macerated over the total cross-sectional area) as defined in Table 1. The structures included:
1) Deep medial collateral ligament (dMCL); 2) Superficial medial collateral ligament (SMCL); 3)
Posterior obligue ligament; 4) Semimembranosus muscle tendon; 5) Gastrocnemius muscle medial
head; 6) PCL; 7) Iliotibial band (ITB); 8) Lateral retinaculum; 9) LCL; 10) Popliteus tendon; 11)
Gastrocnemius muscle lateral head; 12) Patellar ligament; 13) Quadriceps tendon; and 14) Extensor
mechanism. A Kruskal-Wallis hypothesis test was performed to assess for statistical differences of soft
tissue damages between RATKA and MTKA cases. A p-value <0.05 was used as the threshold for
statistical significance, and p-values were adjusted for ties.

Table 1: Tissue damage scale

Grade 1 2 3 4
Damage <5% 6-25% 26-75% 76-100%
3 Results

Significantly less damage occurred to the PCL in the RATKA than the MTKA specimens
(p<0.0001). RATKA specimens also had less damage to the dMCL (p=0.149), ITB (p=0.580),
popliteus (p=0.248), and patellar ligament (p=0.317). The sMCL, posterior oblique ligament,
semimembranosus muscle tendon, gastrocnemius muscle medial head, gastrocnemius muscle lateral
head, lateral retinaculum, LCL, quadriceps tendon, and extensor mechanism were grade 1 in all MTKA
and RATKA specimens (Figures 1 and 2). No intentional soft tissue releases were performed in either
group to balance the knee.
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4 Conclusion

This study was conceived to compare the amount of soft tissue damage found after performing
TKAs with RATKA versus MTKA techniques. Our results show that less soft-tissue damage may occur
utilizing the RATKA, especially for the PCL. These findings can potentially be attributed to the
RATKA using a haptic boundary to constrain the sawblade, which can help prevent unwanted soft-
tissue damage. The reduced soft tissue injury may also partly be due to tendency to create a full
transverse tibial resection in the MTKA [4-6], whereas, the RATKA CR procedure is designed to leave
a posterior bone island to help protect the PCL [7]. However, since any damage was post-operatively
assessed and in a cadaveric model, further investigations on soft-tissue damage from patients with
clinical outcomes should be performed. Nevertheless, this study provides a basis from which future
clinical studies can be performed.
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Figure 1. Bar chart showing the mean Grade 1 to 4 damage for the dMCL, PCL, popliteus,
ITB, and patellar ligament in MTKA and RATKA specimens. Error bars indicate standard
deviations. *PCL showed significant difference (p<0.05). {Grade mean + standard
deviation for dMCL and patellar ligament was 1+0.
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Figure 2: Examples of arthroscopic images of a) a severed PCL and b) an intact PCL, from
MTKA and RATKA specimens, respectively.
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