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Background: Achieving proper axis alignment can be difficult in the presence of posttraumatic extra-articular deformities in either
the femur or the tibia. We present radiological outcomes following robot-assisted total knee arthroplasty (TKA) in patients with
osteoarthritis of the knee accompanied by posttraumatic extra-articular deformities.

Methods: We analyzed the outcomes of five knees in five patients with (1) Kellgren-Lawrence (K-L) Grade III-IV osteoarthritic
knees, (2) the presence of posttraumatic extra-articular deformities either in the femur or the tibia, and (3) who underwent robot-
assisted TKA. Their radiological findings were evaluated.

Results: All five knees with initial deformity (mean 14.8°, range 12.7-18.5°) were corrected to neutral alignment (mean 0.7°, range
—1.1-2.7°). There was no postoperative outlier of hip-knee-ankle (HKA) angle.

Conclusion: Our results indicate that robot-assisted TKA can be used to achieve proper limb alignment in patients with posttraumatic
extra-articular deformities.
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Introduction
Restoration of proper coronal alignment is important in total knee arthroplasty (TKA) for maximal implant longevity and
increased patient function.'? Several studies have demonstrated that severe preoperative malalignment can result in greater
risk of implant failure and early revision, and that proper correction of malalignment can reduce the risk of failure.*
However, proper axis alignment can be difficult in cases of severe varus or valgus deformity and is technically demanding,
especially in the presence of posttraumatic extra-articular deformities either in the femur or the tibia.>® Therefore,
technological advancements in surgery have sought to address alignment challenges in extra-articular deformities.

Robot-assisted TKA surgery has been developed to achieve more appropriate coronal alignment compared with
conventional TKA surgery.”” Many studies have shown that mechanical axis accuracy is improved using robot-assisted
systems, and mechanical axis outlier risk is decreased compared to conventional surgery.'®"'? However, few studies have
addressed the radiological result of robot-assisted TKA in patients with posttraumatic extra-articular deformities either in
the femur or the tibia.

This study reports radiological outcomes following robot-assisted TKA in patients with osteoarthritis of the knee
accompanied by posttraumatic extra-articular deformities.

Materials and Methods
The design and protocol of this retrospective study were approved by the institutional review board of our hospital.
A comprehensive agreement for academic use of information such as type of treatments, treatment progress or any other
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data acquired during their treatments was obtained from the patients by the hospital at the time of their hospitalization,
and that no identifiable information of the participants is included in the manuscript. The robot-assisted TKA system was
introduced to our hospital in June 2020. Between July 2020 and December 2020, a consecutive series of 127 primary
TKAs for 96 patients was performed at our hospital by a single surgeon using a robot-assisted system. The inclusion
criteria were patients with (1) Kellgren-Lawrence (K-L) Grade III-IV osteoarthritic knees, (2) the presence of posttrau-
matic extra-articular deformities either in the femur or the tibia, and (3) who underwent robot-assisted TKA. Five knees
in five patients with knee osteoarthritis (OA) were treated by robot-assisted TKA at our hospital and were analyzed. The
cohort consisted of three males and two females with an average age at the time of surgery of 67.2 years (range: 58—73
years) and a mean body mass index of 25.0 kg/m? (range: 22.7-28.7).

All operations were performed by a single experienced surgeon using a MAKO robotic system (Stryker Orthopaedics,
Mahwah, NJ, USA). All patients were treated using a posterior-stabilized Triathlon total knee prosthesis (Stryker
Orthopaedics, Mahwah, NJ, USA). Prior to the surgery, a preoperative CT scan was performed and incorporated with the
robotic software to identify optimal implant size and positioning. In the operating room, all knees were exposed with
a standard anterior midline incision via medial parapatellar approach, and the patella was everted laterally. The anterior and
posterior cruciate ligaments were removed from the notch. Robot-assisted tracking arrays'> and check points were positioned
on the tibia and femur. Landmark calibration and bone registration were performed via the probe to identify real bone position
and intraoperative coronal alignment. The knee was stressed manually to gauge proper tension in extension and flexion gap
balancing and to gauge coronal alignment deformity correction without soft tissue release. Soft tissue release was performed in
all five cases of severe coronal deformity including osteophyte removal. Appropriate implant position, orientation, and neutral
alignment based on per gap balancing were defined and saved in the robot system following the surgeon’s approval. These
measurements were incorporated in the MAKO robotic system to identify proper implant placement. The robotic arm saw was
then used for distal femur, anterior cortex, posterior condyle, anterior chamfer, and posterior chamfer resection. And then tibial
resection was performed within virtual boundaries set by the robot to protect the soft tissues. After box cutting, femoral and
tibial trial assessments were performed. The femoral and tibial implants were implanted using bone cement, and polyethylene
liner was deemed appropriate and impacted into place.

Patients were mobilized postoperatively with immediate weight-bearing as tolerated, and active exercise was initiated
under supervision of a physiotherapist. Patients underwent clinical and radiographic follow-up at 2 weeks, 6 weeks, 3 months,
6 months, 9 months, and 12 months postoperatively, and then each year thereafter. The radiographic analysis included long-leg
standing radiography from the pelvis to the ankle joint to evaluate the axis, a weight-bearing anteroposterior view, a non-
weight-bearing anteroposterior view, a lateral view at 30° flexion, and a skyline view of the patella. Radiographic analysis
included coronal alignment (hip-knee-ankle (HKA)), flexion angle of the femoral component, and posterior tibial slope.
Outliers were defined as measured HKA angle exceeding 3° from the neutral alignment in postoperative radiography.

Results

Patient clinical and radiographic information on all 5 cases of posttraumatic extra-articular deformity is presented in Table 1.
The intraoperative planning target in the robot-assisted system was neutral alignment. All five knees with initial deformities
(mean 14.8°, range 12.7-18.5°) were corrected to neutral alignment (mean 0.7°, range —1.1-2.7°) (Figures 1-5). Mean

Table | The Demographics of Patients with Extra-Articular Deformity

Case Age at Sex BMI Initial Preoperative | Postoperative | Flexion Angle of the | Posterior
TKA (kg/m?) Diagnosis HKA Angle HKA Angle Femoral Tibial
(Years) Component Slope
| 73 F 238 Left OA 18.5° —-11° 4.0° 1.8°
2 72 F 227 Left OA 12.9° -0.3° 4.2° 2.0°
3 66 M 248 Right OA 14.9° 0.8° 3.6° 2.3°
4 67 M 287 Right OA 12.7° 2.7° 3.8° 1.9°
5 58 M 252 Right OA 14.8° 1.6° 35° 1.6°

Abbreviations: TKA, total knee arthroplasty, BMI, body mass index, F, female, M, male, OA, osteoarthritis, HKA, hip-knee-ankle.
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Figure | (A) An anteroposterior (AP) radiograph of a 73-year-old female patient who developed Kellgren-Lawrence Grade IV osteoarthritic changes in the left knee.
Twenty-five years prior, she had undergone open reduction and internal fixation with a plate for a shaft fracture of the left femur. (B) A preoperative standing AP radiograph
of the bilateral lower extremities of the same patient, which shows a left Hip-knee-ankle (HKA) angle of 18.5°. (C). A standing AP radiograph of the bilateral lower

extremities of the same patient at four weeks postoperative, which revealed a —1.1° left HKA angle.

Figure 2 (A) An anteroposterior (AP) radiograph of a 72-year-old female patient who developed Kellgren-Lawrence Grade llI-IV osteoarthritic changes in the left knee.
Two years prior, she underwent open reduction and internal fixation with plate and screw for a left distal femoral fracture. (B) A preoperative standing AP radiograph of the
bilateral lower extremities of the same patient, which shows a left Hip-knee-ankle (HKA) angle of 12.9°. (C) A standing AP radiograph of the bilateral lower extremities of

the same patient at four weeks postoperative, which revealed a —0.3° left HKA angle.
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Figure 3 (A) An anteroposterior (AP) radiograph of a 66-year-old male patient who developed Kellgren-Lawrence Grade IV osteoarthritic changes in the right knee. Twenty
years prior, he had undergone open reduction and internal fixation with a plate for a proximal shaft fracture of the right tibia. (B) A preoperative standing AP radiograph of
the bilateral lower extremities of the same patient, which shows a right Hip-knee-ankle (HKA) angle of 14.9°. (C) A standing AP radiograph of the bilateral lower extremities
of the same patient at four weeks postoperative, which revealed a 0.8° right HKA angle.

Figure 4 (A) An anteroposterior (AP) radiograph of a 67-year-old male patient who developed Kellgren-Lawrence Grade IV osteoarthritic changes in the right knee. Fifteen
years prior, he underwent open reduction and internal fixation with a plate for a distal shaft fracture of the right tibia. (B) A preoperative standing AP radiograph of the
bilateral lower extremities of the same patient, which shows a right Hip-knee-ankle (HKA) angle of 12.7°. (C) A standing AP radiograph of the bilateral lower extremities of
the same patient at four weeks postoperative, which revealed a 2.7° right HKA angle.
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Figure 5 (A) An anteroposterior (AP) radiograph of a 58-year-old male patient who developed Kellgren-Lawrence Grade IV osteoarthritic changes in the right knee. Five
years prior, he had undergone open reduction and internal fixation with an internal medullary nail (IM-nail) for a shaft fracture of the right tibia. (B) A preoperative standing
AP radiograph of the bilateral lower extremities of the same patient, which shows a right Hip-knee-ankle (HKA) angle of 14.8°. (C) A standing AP radiograph of the bilateral
lower extremities of the same patient at four weeks postoperative, which revealed a 1.6° right HKA angle.

postoperative flexion angle of the femoral component was 3.8° (range 3.5-4.2°) and mean postoperative posterior tibial slope
was 1.9° (range 1.6-2.3°). There was no postoperative outlier in HKA angle and the postoperative component alignments were

within normal limits.

Discussion

This study analyzed a single surgeon’s experience using the robot-assisted system to help correct posttraumatic
malalignment to proper alignment. The most important finding of this study was the advantages of the robot-assisted
system during TKA in helping surgeons achieve planned proper limb alignment in cases of posttraumatic extra-articular
deformities.

In the presence of posttraumatic extra-articular deformities either in the femur or the tibia accompanied by OA of
knee, this can be difficult to achieve.™® Such situations may be encountered in clinical practice. In conventional TKA
surgery, such deformity in the femur precludes the use of standard alignment instrumentation such as intramedullary
guides, and achieving adequate limb alignment can be limited in these cases. Engh et al reported that the use of an
extramedullary femoral guide in TKA is less accurate than the use of an intramedullary guide.'* Thus, robot-assisted
surgery could be a viable alternative in cases involving patients with severe extra-articular deformity.

A previous report has shown improved limb alignment in patients with severe deformity when using a robot-assisted
system.'> Marchand et al'® assessed primary TKAs using a robot-assisted system in 136 patients with severe varus or valgus
(>7° coronal deformity). They reported that all knees were corrected in the appropriate direction to within a few degrees of
neutral alignment. On the other hand, we assessed primary TKAs using a robot-assisted system in patients who had only
posttraumatic extra-articular deformity. The results of this study show that robot-assisted TKA can be considered an effective
procedure in patients with posttraumatic extra-articular deformity. In addition, robot-assisted TKA has other advantages over
conventional TKA. In cases in which hardware from a previous surgery, such as metal plate and screws, is present in the
patient, robot-assisted TKA surgery does not necessitate its removal when doing so would be risky (Figure 2).
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This study had several limitations. First, because it enrolled a relatively small cohort treated by a single surgeon, its
outcomes should be interpreted with caution in terms of generalizability. Second, there were no patient-reported
outcomes and no functional outcomes. In addition, postoperative alignment outcomes were not compared with clinical
follow-up outcomes or a control group. Therefore, future research should consider whether correction of these defor-
mities correlates with clinical outcomes and patient satisfaction.

Conclusions

In conclusion, robot-assisted TKA can be used to plan and achieve proper limb alignment in patients with posttraumatic
extra-articular deformities. Although uncontrollable preoperative deformities exist in some patients, postoperative limb
alignment can be controlled by a robot-assisted procedure.

Ethics Approval and Written Consent from the Patient

This study was approved by the Institutional Review Board of Himchan hospital. The privacy and personal identity
information of all participants were protected in accordance with the Declaration of Helsinki. Written informed consent
has been obtained from all participants.
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