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Abstract

Background Several studies have shown mechanical

alignment influences the outcome of TKA. Robotic sys-

tems have been developed to improve the precision and

accuracy of achieving component position and mechanical

alignment.

Questions/purposes We determined whether robotic-

assisted implantation for TKA (1) improved clinical out-

come; (2) improved mechanical axis alignment and implant

inclination in the coronal and sagittal planes; (3) improved

the balance (flexion and extension gaps); and (4) reduced

complications, postoperative drainage, and operative time

when compared to conventionally implanted TKA over an

intermediate-term (minimum 3-year) followup period.

Methods We prospectively randomized 100 patients who

underwent unilateral TKA into one of two groups: 50 using

a robotic-assisted procedure and 50 using conventional

manual techniques. Outcome variables considered were

postoperative ROM, WOMAC scores, Hospital for Special

Surgery (HSS) knee scores, mechanical axis alignment,

flexion/extension gap balance, complications, postopera-

tive drainage, and operative time. Minimum followup was

41 months (mean, 65 months; range, 41–81 months).

Results There were no differences in postoperative ROM,

WOMAC scores, and HSS knee scores. The robotic-

assisted group resulted in no mechanical axis outliers

([ ± 3� from neutral) compared to 24% in the conven-

tional group. There were fewer robotic-assisted knees
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where the flexion gap exceeded the extension gap by

2 mm. The robotic-assisted procedures took an average of

25 minutes longer than the conventional procedures but

had less postoperative blood drainage. There were no dif-

ferences in complications between groups.

Conclusions Robotic-assisted TKA appears to reduce the

number of mechanical axis alignment outliers and improve

the ability to achieve flexion-extension gap balance, with-

out any differences in clinical scores or complications

when compared to conventional manual techniques.

Level of Evidence Level I, therapeutic study. See

Instructions for Authors for a complete description of

levels of evidence.

Introduction

Mechanical alignment and soft tissue balancing have

played major roles in the success of TKA, the survival rates

of the implants, and patient functionality [22, 44, 54].

Most, but not all, studies have shown that alignment of the

mechanical axis in the coronal plane within a range of 3�
varus/valgus is associated with improved long-term func-

tion and increased survival rates [13, 23, 35, 41–43].

However, conventional manual implantation of TKA

reportedly results in only 28% to 85% of cases achieving a

mechanical leg alignment deviation within 3� varus/valgus

[29]. Computer navigation has been associated with such

alignment in anywhere from 76% [24] and 100% of

patients [29], but the majority of studies [10–12, 15, 59]

have found malalignment of the mechanical axis of greater

than 3� in anywhere from 10% to 20% of patients.

Robotic systems have been developed to improve the

accuracy of implant selection and placement, alignment,

and bone resection during TKA [16, 19, 50]. In these

computer-controlled cutting systems, the surgeon provides

the surgical exposure and then supervises as the robot

precisely machines the bone according to the plan. Several

observational studies have shown low rates of alignment

error. Two studies showed no cases in which the postop-

erative alignment error was in excess of 1� in all three

planes [8, 16] and one reported all cases had implant

placement within 1� of the preoperative planning in both

the frontal and sagittal planes [16]. In comparison to

conventional TKA, several studies have reported robotic-

assisted TKA improved placement of the femoral compo-

nent in the AP plane when compared to the preoperative

plan [34, 51] and a more neutral postoperative coronal

plane knee alignment [51].

The majority of previous studies [16, 34, 51] comparing

postoperative results have been short term, with a maxi-

mum followup period of 3 months. While the 5-year mean

followup study by Bellemans et al. [8] found few alignment

errors, they did not report function as compared with

patients having conventional TKA. Thus, it is unclear

whether the low rates of alignment errors from robotic-

assisted TKA implantation are associated with durable

function.

Therefore, we asked whether robotic-assisted implanta-

tion for TKA (1) improved clinical outcome as measured

by ROM, Hospital for Special Surgery (HSS) knee scores

[21], and WOMAC scores; (2) improved the mechanical

axis alignment and implant inclination in the coronal and

sagittal planes; (3) improved the balance (flexion and

extension gaps); and (4) reduced complications, postoper-

ative drainage, and operative time when compared to

conventionally implanted TKA over an intermediate-term

(minimum 3-year) followup period.

Patients and Methods

We designed this study as a prospective, randomized trial

for which IRB approval was obtained. The population was

selected from a group of 176 patients scheduled for uni-

lateral TKA between July 2004 and September 2005. We

considered patients with primary osteoarthritis of the knee

and a mechanical axis between 20� and 5� valgus. We

excluded 29 patients who had previous open knee surgery,

a BMI of greater than 40 kg/m2, neurologic defects

affecting the lower extremity, or a severe instability that

could not be treated by a cruciate-retaining TKA. We

performed a power analysis based on the primary outcome

variable of percentage of cases within ± 3� of neutral in

coronal alignment. The sample size was based on data from

a previous study [51] that showed 77% of conventional

cases and 100% of the robotic group resulted in less

than ± 3� of alignment error. Thus, at least 37 patients

were required to detect an alignment difference of greater

than 3� (power = 0.8 (1 � b); a = 0.05) when incorpo-

rating a continuity correction. The goal was to have

100 patients randomly assigned into two groups of 50, one

of which received a TKA using the ROBODOC1 System

(Curexo Technology Corp, Fremont, CA, USA) for

implantation and the other receiving a TKA using a con-

ventional manual technique. One hundred envelopes were

sealed with labels denoting either ROBODOC1 or con-

ventional inside. The envelopes were shuffled randomly

and arranged for sequential opening with each new patient.

We recorded patient enrollment, randomization, and fol-

lowup; all surgeries took place. The patient cohort for the

ROBODOC1-assisted group consisted of 46 women and

four men with a mean ± SD age of 66.1 ± 7.1 years and a

BMI of 26.3 ± 2.7 kg/m2. The conventional group con-

sisted of 45 women and five men with an age of 64.8 ±

5.3 years and a BMI of 26.2 ± 3.9 kg/m2. Twenty-one
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patients in the ROBODOC1 group and 26 patients in the

conventional group were lost to followup. The minimum

followup was 41 months (mean, 65 months; range, 41–

81 months). We followed the ROBODOC1-assisted group

for 65 months postoperatively (range, 58–75 months) and

the conventional group for 65 months (range, 41–

81 months).

One surgeon experienced in both conventional TKA

techniques and using the ROBODOC1 system for TKA

(EKS) conducted all surgeries under general anesthesia. All

patients received a posterior cruciate-retaining prosthesis

(NexGenTM; Zimmer, Inc, Warsaw, IN, USA). For both

groups, the surgeon used the measured resection technique

to determine sizing and bone cuts, in which the amount of

bone and cartilage removed was intended to be equal to the

thickness of the implant, so that the implanted prosthesis

resurfaced the knee to its original premorbid state. The

bone cuts were considered independent of the soft tissues,

and balancing of the soft tissues was completed after the

bone cuts were made. The surgical approach for both knees

utilized a longitudinal midline incision and a medial

parapatellar arthrotomy extending proximally 3 to 4 cm

into the quadriceps tendon and distally to the tibial tuber-

cle. The main goal of both TKA surgeries was to restore

the mechanical axis alignment to neutral (0�).

The conventional technique followed the manufacturer’s

recommended technique using manual instruments. The

surgeon prepared the femur using an intramedullary rod set

at 6� of anatomic valgus. The rotation of the femoral

component was set at 3� of external rotation from the

posterior condylar axis. The surgeon prepared the tibia

using an extramedullary cutting guide and set the posterior

slope at 7�. Rotation of the tibial component was aligned

with the medial 1/3 of the tibial tubercle.

The surgeon carried out ROBODOC1-assisted TKA in

two steps: the first step involved CT-based preoperative

planning using ORTHODOC1 (Curexo Technology Corp)

performed before the day of surgery, and the second step

was ROBODOC1-assisted surgery using the ROBODOC1

Surgical Assistant. A helical CT scan was obtained preop-

eratively and transferred to the ORTHODOC1 presurgical

planning station. Three-dimensional (3D) surface models of

the femur and tibia were created in ORTHODOC1, and the

femoral and tibial mechanical axes were determined

according to the anatomic centers of the hip, knee, and

ankle. The surgeon performed ORTHODOC1 preoperative

planning for the femoral and tibial components. For each

knee, the component size, position, alignment, and rotation

were planned according to the following method. The sur-

geon selected the femoral component and manipulated its

size and position in 3D using the ORTHODOC1

workstation to attempt to restore the original premorbid size

and shape of the distal femur, including an assumed

cartilage thickness of 3 mm [1, 4, 49]. The mechanical axis

of the patient’s femur was determined from the CT scan on

ORTHODOC1, which allows the surgeon to view the CT

images in three orthogonal planes, make angular and dis-

tance measurements, and template the implants in 3D. The

distal surface of the femoral component was oriented per-

pendicular to that axis in the coronal plane. If the patient had

flexion contractures of greater than 20�, this was taken into

account in the preoperative plan and the distal femur was

resected an additional 2 mm. The surgeon aligned the

rotation of the femoral component with the transepicondylar

axis in the axial plane. A tibial component was then selected

and its size and position were manipulated to restore the

articular surface of the tibia assuming a cartilage thickness

of 2 mm [1, 4, 49] on the least worn plateau. The tibial

component was aligned perpendicular to a line extending

from the center of the tibial plateau to the center of the dome

of the talus. The rotation of the tibial component in the axial

plane was aligned with the medial 1/3 of the tibial tubercle.

The posterior slope of the tibial component was set at 7�.

The surgeon then reoriented the bones to make the distal

femoral and proximal tibial implant surfaces parallel, using

virtual surgery to ensure restoration of the mechanical axis.

The final plan was saved to a CD and loaded onto the

ROBODOC1 system on the day of surgery.

During surgery, after performing surgical exposure, the

knee was flexed to approximately 70� to 80� using a special leg

holder. The leg was fixed to the ROBODOC1 base using two

Steinmann and Hoffman fixation systems (Stryker Osteo-

synthesis, Geneva, Switzerland), one each for the femur and

tibia (Fig. 1). Two recovery markers and one bone motion

monitor were installed into the femur and tibia. The surgeon

then performed surface registration and verification using the

ROBODOC1 DigiMatchTM registration system. Next, under

the direct control and supervision of the surgeon, ROBO-

DOC1 milled the femur and tibia according to the plan

generated in ORTHODOC1. Care was taken to ensure the

soft tissues were protected in the ROBODOC1 workspace.

Fig. 1 An example of patient fixation during a ROBODOC1-assisted

procedure is shown.
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Once cutting was complete, the ROBODOC1 device was

removed from the operative field.

The technique for soft tissue balancing for both groups was

performed after all bone cuts were made. The technique

involved inserting a commercial tensor device (Stryker

Howmedica Osteonics Corp, Allendale, NJ, USA) with the

knee in extension as described by Winemaker and others [3,

46, 47, 58]. The surgeon measured the medial and lateral gaps

and made releases as needed to achieve equal medial and

lateral gaps to within ± 2 mm. The releases were performed

in a stepwise manner, releasing only what was required to

achieve balance. The order of release for the medial soft tis-

sues was first the deep medial collateral ligament and then in

sequential order as necessary: the posterior medial capsule and

the superficial medial collateral ligament. No lateral releases

were required because no knees in this study had a valgus

deformity. The surgeon then measured the extension gap with

the tensor and recorded it as the distance from the femur to the

tibia in the middle of the gap. The knee was then flexed to 90�,

and the flexion gap was measured and compared to the

extension gap. The operating surgeon’s goal was to create a

flexion gap that was greater than the extension gap by 2 mm

[53]. After completing any required soft tissue releases, the

medial and lateral gaps were recorded in millimeters at both

full extension and 90� of flexion.

After ligament balancing, the remainder of the proce-

dure was identical for both groups. The surgeon inserted

the trial components and verified the ROM and stability.

The tibial insert thickness was then chosen. The surgeon

recorded his subjective estimate of the adequacy and ten-

sion of the PCL as either satisfactory (presence of rollback,

no liner liftoff in flexion) or suboptimal (liner liftoff in

flexion or absence of rollback). The actual implants were

obtained and cemented into place. Suction drains were

inserted and the knee closed in a standard fashion.

Postoperatively, both groups received the same treat-

ment. The patients were encouraged to start active and

passive knee motion immediately starting the day after

surgery if they were able to tolerate the pain. There was no

special physiotherapy prescribed or provided to the patients

except for ice massages. The patients were also encouraged

to walk with partial weightbearing using a crutch or walker

as tolerated.

Patients were brought in for followup at 3, 6, and

12 months postoperatively along with annual visits there-

after. At each visit, clinical evaluations were performed and

full-length leg radiographs were taken. For the purposes of

this study, we analyzed data collected preoperatively and at

the latest followup (minimum 36 months after surgery). Two

observers (JKS, JHY) with no direct involvement in the

surgical procedures independently performed all evalua-

tions. The clinical evaluation included ROM, HSS knee

scores [21], and WOMAC scores (for pain and function) [7].

We recorded operative time, complications, and postopera-

tive Hemovac1 (Zimmer Orthopaedic Surgical Products,

Dover, OH, USA) drainage amounts to reflect blood loss.

Complications were divided into local and systemic and

graded as I, II, III, IV, or V using the classification described

in Dindo et al. [17].

The same two observers independently performed all

radiographic assessments on the preoperative and latest

followup radiographs according to The Knee Society

Roentgenographic Evaluation System [18], which included

measurements of the coronal mechanical axis and sagittal

and coronal inclinations of femoral and tibial components.

The radiographic measurements were made using a PACS.

The interobserver reliability was 0.771 for the measure-

ment of coronal mechanical axis, 0.842 and 0.805 for the

coronal inclinations of the femoral and tibial components,

respectively, and 0.842 and 0.805 for the sagittal inclina-

tions of the femoral and tibial components, respectively.

We calculated the descriptive statistics, including

arithmetic means, SD, and ranges, for all values. To

determine differences between the two groups, we per-

formed independent t-tests for postoperative mechanical

axis, HSS and WOMAC scores, operative time, and

drainage. Chi-square tests were used to determine associ-

ations between outliers in radiographic outcomes between

the two groups. We performed the analysis using R soft-

ware (R Version 2.13.1; R Foundation for Statistical

Computing, Vienna, Austria).

Results

There were no differences between groups regarding the mean

postoperative ROM (ROBODOC1: 128�, conventional:

129�), HSS scores (ROBODOC1: 95.7, conventional: 94.7),

or WOMAC scores (ROBODOC1: 28.9, conventional: 30)

(Table 1).

We found no differences between groups in the means of

postoperative mechanical axis alignment (ROBODOC1:

Table 1. Clinical results for the ROBODOC1-assisted and conven-

tional TKA groups

Clinical

assessment

Time of

assessment

ROBODOC1 Conventional

ROM (�) Preoperative 125 ± 7.6 123 ± 12.3

Postoperative 128 ± 5.1 129 ± 12.4

HSS (points) Preoperative 70.6 ± 11.2 63.8 ± 9.0

Latest followup 95.7 ± 4.0 94.7 ± 6.7

WOMAC (points) Preoperative 65.6 ± 10.2 75.2 ± 11.1

Latest followup 28.9 ± 4.4 30 ± 7.5

Values are expressed as mean ± SD; HSS = Hospital for Special

Surgery.
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0.5�, conventional: 1.2�), femoral inclination in the coronal

(ROBODOC1: 89.5�, conventional: 88.0�) and sagittal

(ROBODOC1: 1.1�, conventional: 1.1�) planes, and tibial

inclination in the coronal (ROBODOC1: 90.1�, conven-

tional: 90.7�) and sagittal (ROBODOC1: 85.6�,

conventional: 86.1�) planes (Table 2). When considering

outliers (defined as error C ± 3�) for the mechanical axis,

femoral coronal and sagittal inclinations, and tibial coronal

and sagittal inclinations, the ROBODOC1 group had no

outliers for all measurements except for one in tibial sagittal

inclination. On the other hand, the conventional group had 12

outliers for mechanical axis, two for femoral coronal incli-

nation, two for femoral sagittal inclination, three for tibial

coronal inclination, and three for tibial sagittal inclination.

More (p = 0.037) patients were able to achieve flexion-

extension gap balance in the ROBODOC1-assisted group

(Table 3). The PCL tension measurements demonstrated

the ROBODOC1 group had a higher (p = 0.004) per-

centage of patients with satisfactory tension compared to

the conventional group (Table 4). All knees in both groups

were deemed to be clinically stable using manual and

visual assessment by the surgeon with no bony recuts, and

no knees required a more constrained implant.

The ROBODOC1 group experienced six local and five

systemic complications as compared to three local and eight

systemic complications for the conventional group

(Table 5). There was no difference in the complication rates

between the two groups and all were successfully treated

using nonsurgical treatment. The ROBODOC1-assisted

group experienced less (p \ 0.001) postoperative drainage

(613 ± 318 mL) when compared to the conventional group

(933 ± 467 mL) (Table 6). The mean operative time was

25 minutes longer (p \ 0.001) for the ROBODOC1-assisted

group (99 ± 11 minutes) compared to the conventional

group (74 ± 10 minutes) (Table 6).

Table 2. Radiographic results for ROBODOC1-assisted and con-

ventional TKA groups

Radiographic variable ROBODOC1 Conventional p value

Mechanical axis (�)*

Preoperative 6.6 ± 2.4 10.9 ± 2.9 \ 0.001

Postoperative 0.5 ± 1.4 1.2 ± 2.9 0.06

Coronal inclination (�)*

Femoral prosthesis 89.5 ± 0.7 88 ± 1.3 \ 0.001

Tibial prosthesis 90.1 ± 0.9 90.7 ± 1.8 0.04

Sagittal inclination (�)*

Femoral prosthesis 1.1 ± 0.7 1.1 ± 1.1 0.85

Tibial prosthesis 85.6 ± 3.4 86.1 ± 4.6 0.51

Error C ± 3� (number of patients)

Mechanical axis 0 12 \ 0.001

Femoral coronal inclination 0 2 0.15

Femoral sagittal inclination 0 2 0.15

Tibial coronal inclination 0 3 0.08

Tibial sagittal inclination 1 3 0.31

* Values are expressed as mean ± SD.

Table 3. Intraoperative flexion-extension gaps for the ROBODOC1-

assisted and conventional TKA groups

Gap ROBODOC1 Conventional

Extension gap (mm)* 21.4 ± 1.7 21.8 ± 1.5

Flexion gap (mm)* 23.5 ± 1.8 22.9 ± 2.0

Number of cases where flexion

gap � extension gap

was C 2 ± 2 mm

3 10

Mean medial-lateral

gap difference (mm)

0.8 1.0

Number of satisfactory cases

(\ 2 mm)

46 48

Number of suboptimal

cases ([ 2 mm)

4 2

* Values are expressed as mean ± SD.

Table 4. Intraoperative PCL tension measurements

PCL tension Number of patients

ROBODOC1 Conventional

Satisfactory 48 (96%) 38 (76%)

Suboptimal 2 (4%) 12 (24%)

Table 5. Complications found in patients in the ROBODOC1-

assisted and conventional TKA groups

Type of complication Complications Grade*

ROBODOC1

Local (n = 6) 2 superficial infection II

1 seroma at the pin site II

2 patellar tendon abrasion I

1 skin rash I

Systemic (n = 5) 1 lymphatic edema I

1 crepitus I

2 arrhythmia IVa

1 plural effusion IIIa

Conventional

Local (n = 3) 2 superficial infection II

1 incisional skin sloughing II

Systemic (n = 8) 2 GI II

1 TIA/CVA IVa

3 plural effusion IIIa

2 foot numbness I

* Severity classification grade from Dindo et al. [17]; GI = gastro-

intestinal; TIA = transient ischemic attack; CVA = cerebrovascular

accident.
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Discussion

The postoperative alignment of the components of a TKA

is thought to influence the outcome of patients in terms of

functionality and longevity of the implant [23, 44, 54].

Robotic-assisted TKA has been implemented to improve

alignment, reduce outliers, and allow more accurate pre-

operative planning and execution than conventional TKA

[8, 16, 19, 34]. However, no studies thus far have looked at

an intermediate-term (minimum 3-year) comparison of

clinical and radiographic results for robotic-assisted TKA

and conventional TKA. Thus, we looked at whether

robotic-assisted implantation for TKA resulted in

(1) improved clinical outcome, (2) improved mechanical

axis alignment and implant inclination in coronal and

sagittal planes, (3) improved ligament balance (flexion and

extension gaps), and (4) a reduced number of complica-

tions when compared to conventionally implanted TKA.

A few limitations should be noted. First, there were dif-

ferences between the groups in the goals for alignment of the

femoral component, which could affect limb alignment and

ligament balance. A 6� valgus cut relative to the patient’s

anatomic femoral canal was the goal in every conventional

case without considering any variation in the patient’s pre-

operative femoral anatomy; in the ROBODOC1-assisted

group, the femoral component was aligned to the patient’s

individual femoral mechanical axis. A fixed femoral resec-

tion angle, however, is reportedly associated with errors in

coronal alignment over a population due to individual dif-

ferences [5, 25]. Second, the goal for femoral rotation was

different in the two groups: in the ROBODOC1-assisted

group, the femoral component was aligned with the transe-

picondylar axis, while in the conventional group, it was

aligned 3� externally to the posterior condylar axis.

According to the literature [14, 30], the best rotation align-

ment for the femoral component has been parallel to the

transepicondylar axis. This axis is identifiable on most CT

scans but is difficult for surgeons to identify manually during

surgery. Several studies have shown using 3� of external

rotation to the posterior condylar axis may accurately esti-

mate the femoral flexion axis only 65% to 80% of the time

[20, 30, 32]. Therefore, using a fixed 3� rotational alignment

in the conventional group could have resulted in some of the

differences found in this group. Third, we did not measure

total blood loss, only the postoperative drainage amount,

which does differ. However, drainage reportedly correlates

with actual blood loss [28], and since the tourniquet was kept

inflated until after wound closure, the postoperative drainage

should closely approximate actual blood loss. Fourth, we

only measured the flexion and extension gaps once intra-

operatively and without patellar relocation. Fifth, the

surgeon was not blinded to the procedure when making the

intraoperative measurements of PCL tension, which could

have resulted in potential bias when making these mea-

surements. Sixth, the two groups had differing lengths of

time to latest followup. However, because we were inter-

ested in considering most recent outcomes, we decided to

use the latest followup available with a minimum of 3 years.

Also, this study had insufficient power to detect small dif-

ferences in complication rates. A final limitation is the

inability to assess cost-effectiveness. The cost of the

ROBODOC1 device varies by country. This study was

performed in Korea and the cost structure is not readily

generalizable to other countries. As the ROBODOC1 sys-

tem with TKA is not available for sale in the United States at

this time, it is difficult to accurately assess its cost.

The clinical results were typical for TKA. The postop-

erative scores for the ROBODOC1 group (HSS, 95.7;

WOMAC, 28.9) and the conventional group (HSS, 94.7;

WOMAC, 30) were similar to those reported previously for

conventional (HSS, 90.6; WOMAC, 32.2), robotic-assisted

(HSS, 95.9; WOMAC, 18.5), and navigation-assisted

(HSS, 91.6; WOMAC, 31.3) TKAs [48, 51] and suggest

both techniques provided adequate clinical outcomes as

measured by HSS and WOMAC scores.

Many published studies have concluded an error in

coronal mechanical axis alignment of greater than 3� after

TKA results in an increase in patient pain, poorer biome-

chanics, reduced function, and decreased implant longevity

[6, 9, 13, 22–24, 26, 27, 34, 37, 40, 42, 54–56]. In par-

ticular, one prospective randomized study by Choong et al.

[13] compared functionality and pain scores over time

periods ranging from 6 weeks to 12 months after TKA for

115 patients. They found the key variable influencing

clinical outcomes was whether mechanical alignment

accuracy within 3� from neutral was achieved. However,

not all studies have agreed. A recent study by Parratte et al.

[35] followed a cohort of 398 primary TKAs for 15 years

and found a postoperative mechanical axis of 0� ± 3� did

not result in an improved implant survival rate. Still, the

majority of studies, as evidenced above, combined with the

clinical experiences of most surgeons, lead the authors to

believe these results may not represent the norm. Further-

more, sagittal plane alignment is likely to be important as

well. Wasielewski et al. [57] suggested posterior tilting of

the tibial component affects the femoral rollback of the

tibia, causing PCL tension and affecting the ROM. We

Table 6. Safety-related results for the ROBODOC1-assisted and

conventional TKA groups

Variable ROBODOC1 Conventional p value

Drainage (mL) 613 ± 318 933 ± 467 \ 0.001

Operative time (minutes) 99 ± 11 74 ± 10 \ 0.001

Values are expressed as mean ± SD.
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found the ROBODOC1 group had fewer outliers (one

total) in femoral and tibial sagittal inclination angles when

compared to the conventional group, which had five out-

liers in the sagittal plane. Comparing our results to those

reported previously (Table 7), we found robotic assistance

for TKA resulted in no outliers in three of the four previous

studies and only 2% outliers in the fourth study. In com-

parison, computer assistance resulted in anywhere from 0%

to 20% outliers. All of the studies showed much higher

rates of outliers in conventional cases ranging from 13% to

38%. Thus, our results appear to fit in with those reported

previously.

Soft tissue balance is another major factor involved in

determining clinical success. Achieving soft tissue balance

is usually a subjective surgical impression during TKA,

and flexion and extension gaps should be balanced to

optimize the space filled by the components and to equally

tension the collateral ligaments [3, 54]. Although our

results apply to the use of ROBODOC1 by one specific

surgeon (EKS), we demonstrated well-balanced rectangu-

lar flexion and extension gaps could be achieved in 94% of

the ROBODOC1 knees and only 80% of the conventional

knees. These improved balancing results could be attrib-

uted to precise femoral component positioning to restore

the premorbid joint line, aligning the femoral component

rotation to the transepicondylar axis, and the restoration of

a normal tibial slope based on the preoperative CT data.

Although the ROBODOC1 procedures took an average

of 25 minutes longer, the patients experienced no increase

in infections or other complications. Several studies

reported a correlation between increased operative time

and increased risk of infection [31, 36], but none have

shown that an increase in time of only 20 to 30 minutes is

associated with an increased risk of infection. Navigation

systems have increased operative time by anywhere from

10 to 20 minutes [2, 38, 39] and have not increased the

patient’s risk of infection. Additionally, Peersman et al.

[36] determined 127 minutes for a TKA procedure could be

interpreted as a critical operative duration in terms of

infection risk. Every patient in both groups of our study had

operative times of less than 127 minutes. Furthermore, the

ROBODOC1 group resulted in less postoperative blood

drainage than the conventional group, suggesting the

increased operative time does not always equate to addi-

tional blood loss. We speculate the decreased drainage in

our study could be attributed to avoiding opening the

intramedullary canal in the ROBODOC1 group.

Overall, our results supported previous work [8, 16, 34,

51] demonstrating robotic-assisted TKA can result in fewer

outliers in radiographic alignment and an improved ability

to achieve flexion-extension gap balance with similar

complication rates, reduced postoperative drainage, and

increased operative time when compared to conventional

TKA at a minimum followup of 3 years.
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