Prospective study to evaluate the functional and
radiological outcome of robotic-assisted total knee
arthroplasty
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Background: Osteoarthritis of the knee is rising problem along with sedentary lifestyle and increased longevity
of life. Most patients are able to manage conservatively but a large number of patients with debilitating disease
are referred to specialist surgeon for further management. Long-term survival of total knee arthroplasties (TKAs)
depends on patient selection, implant design, surgical technique, soft-tissue balancing, and peri-operative care.
Robotic TKA is newer technique and present study proposed to find functional and radiological outcome of robotic
TKA.
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Methods: This is a Prospective observational study conducted at our institute after obtaining the ethical clearance
from institutional ethical committee. A total 100 adult patients between 18-90 years undergoing Primary TKA for
osteoarthritis, rheumatoid arthritis and other degenerative diseases, having a mechanical axis of the lower limb
between 20 degrees varus and 10 degrees valgus were included as a study participant. Data was collected by verbal
communication, physical examination and radiographic features. Final assessment was done at 5 years follow-up
period as per Radiological and functional evaluation criteria.
Results: The majority of the patients (n=74) were in age range of 51-70 yrs with mean age of 61.37+7.8 yrs
(range-45-82yrs). Female : Male ratio was 2.7:1. Osteoarthritis (99%) was the most common reason for TKA.
On Post-operative follow up it was observed that all coronal and sagittal alignment were within normal range.
There was statistically significant difference in mean value of HKA, KSS, WOMAC score and ROM in pre- and
post-operative follow up (p<0.05).
Conclusion: Robotic-assisted TKA was associated with improved postoperative limb alignment and clinical
function at final follow-up suggesting that potential radiographic improvements are mirrored into functional
outcomes.
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INTRODUCTION
Osteoarthritis of the knee is the most common; affecting almost a
tenth of the population aged over 55years [1]. This number would
certainly increase among population with extended longevity. Apart
from osteoarthritis, conditions like rheumatoid arthritis, seronegative
arthritis, post-traumatic arthritis and malignant tumors of the knee
joint do cause significant morbidity.
Most patients with osteoarthritis of the knee are able to manage
their symptoms with medical treatment and conservative methods,
but a large number of patients referred to the specialist surgeon for
further management have debilitating disease. Reconstructive knee
surgeries such as Uni-compartmental Knee Arthroplasty (UKA),
Multi-Compartmental Knee Arthroplasty (MCKA), or Total Knee
Arthroplasty (TKA), are commonly performed on patients with endstage disease. The demand for Total Knee Arthroplasty (TKA) is
increasing mainly because of longer life expectancies and rising public
expectations for quality of life and mobility in later years. Currently,
approximately 2% of the population of 55 years age and above are so
disabled that they need Total Knee Arthroplasties (TKAs), and this rate
increases with age [2].
Long-term survival of Total Knee Arthroplasties (TKAs) depends
on patient selection, implant design, surgical technique, soft-tissue
balancing, and peri-operative care. Mal-positioning/orientation
of the prosthesis may result in premature mechanical loosening of
components and patellofemoral problems [3-6]. Malalignment of >3º
of the mechanical axis is associated with accelerated implant wear and
poor function [6,7].
The accuracy of alignment in conventional TKAs depends on the skill
of the surgeon and the anatomy of the femur and tibia. Correct location
of crucial alignment landmarks (centers of the femoral head and
ankle joint) for determination of the mechanical axis can be difficult
to achieve [8]. Recently computer-assisted TKA has been developed
to improve alignment and implant positioning, to increase accuracy
and reproducibility of the operative technique, to enable real-time
kinematic analysis and soft-tissue balancing, and to reduce the risk of
fat embolism and blood loss by not entering the intramedullary space
[9,10]. It is especially advantageous in obese patients or those with
severe preoperative mal-alignment, in whom identification of anatomic
landmarks and soft-tissue balancing can be particularly difficult.
Navio PFS (Smith and Nephew, Memphis, TN), is a handheld and
imageless device that uses an open platform and provides freehand
sculpting for unicondylar, patella-femoral, and total knee arthroplasty.
Navio utilizes optical-based navigation with an imageless system to
provide 3D morphed images and views of the procedure, thus creating
a virtual model of the osseous knee. The system continuously tracks
the position of the patients’ lower limb and the handheld burr, so that
the limb position and degree of knee flexion can be changed constantly
during the surgical procedure to gain exposure to different parts of the
knee during registration and bone preparation.
Among advantages of robotic TKR includes small incision and scar,
dynamic assessment of deformity at any angle of flexion with patella
in situ. Calculation of soft tissue tension gives a perfectly balanced
knee, accurate restoration of mechanical limb axis, reduced blood
loss. Decrease in incidence of fat embolism due to extra-medullary
instrumentation Accuracy of data on soft tissue tensions even in 1 mm
and 1°. Surgeon is given control, feedback, ability to correct errors and
documentation needed by Robot-assisted surgery, quicker recovery
and shorter hospital stay.
Few disadvantages of robotic TKR include prolonged operative time,
certain learning curves and significant cost implication for purchase
and maintenance of the system.
Currently there is paucity of literature especially in study geographical

area on independent assessment of robotic TKR in terms of functional
outcome and complication of robotic TKR so present study was carried
out to evaluate the outcome of robotic primary total knee arthoplasty
in terms of Alignment of the mechanical axis of the limb with the help
of scanogram, positioning of the prosthetic components with the help
of antero-posterior and lateral radiographs of the knee at six months
follow-up visit, Functional rehabilitation on the basis of Knee Society
Score (KSS) and Western Ontario and McMaster (WOMAC) Score,
range of motion (ROM) and to foresees any complication.

METHODOLOGY
A Prospective observational study was conducted at our institute after
obtaining the ethical clearance from institutional ethical committee. A
total 100 adult patients between 18-90 years undergoing Primary Total
Knee replacement for osteoarthritis of knee, rheumatoid arthritis of
knee and other degenerative diseases, Patients with mechanical axis
of the lower limb between 20 degrees varus and 10 degrees valgus
were included as a study participants between January 2016-June
2016. Patients not willing to be part of the study, extensor mechanism
dysfunction, vascular disease of lower limbs, recurvatum deformity of
knee, remote source of infection, medical contraindications for surgery,
flexion contracture more than 10 degrees were excluded.
Preoperative investigations and preparations were done in all patients.
Preoperatively the coronal alignment was recorded by using computer
assisted scanogram (weight bearing) and flexion deformity of the
knee was assessed radiographically using plain Lateral radiographs.
Preoperatively functional outcome of the knee was evaluated by
using Knee Society Score (KSS) and Western Ontario and McMaster
University (WOMAC) score and Range of Motion (ROM).
The Robotic system used in this study is the NAVIO (Smith & Nephew,
Inc., Memphis, TN, United States) which is a semiautonomous handheld
robotic tool that is held and moved by the surgeon, restricting the
bone cutting to within the planned resection area by providing robotic
control of the speed or exposure of the tool. All knee replacements
were done by same surgeon without tourniquet and surgical time was
taken from incision to wound closure. Postoperative drain was used to
calculate blood loss.
Postoperatively radiological outcome was assessed using scanogram
of lower limbs to evaluate alignment of the mechanical axis of the
limb and antero-posterior and lateral radiograph were obtained at six
months follow up to evaluate positioning of the prosthetic components
in term of coronal femoral inclination angle (α, optimum, 90°), coronal
tibial inclination angle (β, optimum, 90°), sagittal femoral inclination
angle (γ, optimum, 0°), sagittal tibial inclination angle (δ, optimum,
83°). Functional outcome of the knee was evaluated by using Knee
Society Score (KSS) and Western Ontario and McMaster University
(WOMAC) score, ROM and any complications postoperatively were
assessed during 6 months follow up visits and functional outcome
at 5 years follow-up.Data was collected by verbal communication,
examination and radiographic features. Final assessment was done
at 5 years postoperative period as per Radiological and functional
evaluation criteria.
Data analysis: Data was entered into Microsoft Excel and analysed using
SPSS (Statistical Package for Social Sciences) Software 20. Categorical
variable were expressed in terms of frequency and percentage and
continuous were expressed in terms of mean and SD. Paired t test was
applied to see any significant difference in continuous variables (HKA,
KSS,WOMAC and ROM) among study group in pre and post-operative
follow up with p<0.05 as significant value

RESULTS
Out of 100 subjects’ maximum (74) were in age range of 51-70 yrs.
Overall age range was 45-82 yrs with mean age of 61.37+7.8 yrs. F:M was
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2.7:1. Among study subjects most of (99%) were having osteoarthritis as
a reason for TKA. More than half (54%) had operated on left side joint.
Mean operation time among study subjects was 115.23+13.66 minutes
and range of 90-136 minutes and mean blood loss was 238.65+61.66 ml
(100 ml-400 ml) (Table 1).
On Post-operative follow up it was observed that all coronal and sagittal

alignment most of the angles are within normal range. Maximum 3
outliers were observed for sigma angle and least one outlier for beta
angle (Table 2).
It was found that there was statistically significant difference in mean
value of HKA,KSS, WOMAC score and ROM in pre and post-operative
follow up (p<0.05) (Table 3) (Figures 1, 2 and 3).

Table 1. Procedural details of study subjects

Table 2. Knee Angle assessment

Indication

Frequency

Percent

OA

99

99

RA

1

1

Operated joint
Left

54

54

Right

46

46

Angles (Normal angel)

Within Normal Range

Outliers

Total

Alpha (96◦+3◦ )

98

2

100

Beta (90◦+3◦ )

99

1

100

Gamma (6◦±3◦)

98

2

100

Sigma (86◦+3◦)

97

3

100

Table 3. outcome measure comparison in pre -op and 5 years post op follow up

Blood lost amount
101-200ml

36

36

201-300ml

55

55

301-400ml

9

9

Operation time
90-110 minutes

31

31

111-130 minutes

58

58

>130 minutes

11

11

Outcome Measures

Pre-op

HKA

172.08+2.88

178.57+0.63

0.0001

WOMAC

65.77+9.47

1.75+0.98

0.0001

Knee Society Score (KSS)

20.85+8.11

87.73+2.85

0.0001

ROM

96.85+10.67

123.4+4.48

0.0001

Fig. 1. Pre OP X-RAY (right knee) and Pre OP scanogram

Fig.2. Post OP X-RAY and post OP scanogram
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Fig 3. Stages of the patient’s femoral and tibial anatomy, soft tissue ligament tension, and joint balance

DISCUSSION
Total Knee Arthroplasty (TKA) is a surgical procedure in which
an artificial joint or prosthesis replaces a damaged knee joint. The
primary indication for Total Knee Arthroplasty (TKA) is pain, followed
by functional ability. Usually, a person’s daily activities must be
significantly affected by pain and functional limitations for him or her
to be considered a candidate for TKA. TKA is a successful procedure
when looking at pain relief and restoration of patient mobility with
10-15 years implant survival rates of greater than 90%. Accurate
alignment of the components and soft tissue balancing have been cited
as two of the most important factors in successful knee arthroplasty
[11,12].
Advances in operative technology have led to the use of roboticassisted devices in several medical fields. Recently, robotics has been
adopted in many reconstructive surgeries. The development of Robotic
Arm-Assisted Total Knee Arthroplasty (RATKA) potentially provides
orthopaedic surgeons an additional tool to achieve successful outcomes.
NAVIO is a handheld and imageless device that uses an open platform
and provides freehand sculpting for Uni-condylar, patella-femoral and
total knee arthroplasty. The interactive, surgeon-controlled, handheld
cutting tool has an end-cutting burr that extends and retracts so that
only the planned bone is removed. As a semiautonomous system, it
monitors the surgeon’s movements of the burring tool, with safeguards
in place to optimize both accuracy and safety via the retraction of
the burr tip when the edge of the desired bone removal volume is
approached.

The primary indication for Total Knee Arthroplasty (TKA; also referred
to as total knee replacement [TKR]) is relief of significant, disabling
pain caused by severe arthritis. In present study among study subjects
most of (99%) were having osteoarthritis as an indication for TKR and
more than half (54%) had operated on left side joint.
In our study Maximum (58%) subjects were operated in
111-130 minutes and very few (11%) required >130 minutes. Mean
operation time among study subjects was 115.23+13.66 minutes
and range of 90-136 minutes. Mean intra-operative blood loss was
238.65+61.66 ml and range was 100 ml-400 ml. Study by Ameer M, et
al. [13] found that mean age was 68 ± 7 years, and gender breakdown
was 75% female and 25% male. Intraoperative, average Estimated Blood
Loss (EBL) was 292 mL ± 85 mL, and surgical time was 130 ± 43 min.
Present study results are somehow similar with their findings.
Incorrect alignment can lead to abnormal wear [14] early mechanical
loosening of the components [6,15] and patella-femoral problems [16].
Deviations of greater than 3º varus/valgus will increase the rate of
loosening in the coronal plane [3], and the posterior tilting of the tibial
component will affect the femoral rollback on the tibia, the tension of
the posterior cruciate ligament, and the range of motion in the sagittal
plane. [17,18] In present study postoperatively very few (1%-3%) of the
patient had alignment >3º in any of the plane. Similarly study by Ameer
M et al [13] found postoperative alignment was within ± 3° for all cases.
We didn’t find intra or postoperative complications, no reoperation or
revision surgeries required for the observed follow up duration. Success
rate (outcome) of surgery was 100%. A recent systematic review by
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Khlopas, et al. [19] evaluating a total of 40 studies reported that roboticassisted TKA may improve patient satisfaction and outcomes with an
anticipated learning curve of roughly 15 cases.
In present study subjective satisfaction was carried out using KSS and
WOMAC score it was found that there was statistically significant
improvement in mean value of KSS and
WOMAC Score in pre and post-operative follow up (p<0.05). Kim, et
al. [20] performed a study on 32 patients who underwent RATKA and
found Knee Society scores significantly improved postoperatively (2782.8, p<0.001). Song, et al. [21] performed study with 30 patients who
underwent bilateral sequential total knee replacement with one knee
operated on using the robotic device and the other using the manual
technique. The group found the robotic cohort to have none significantly
better last follow-up HSS scores (95.2 vs. 94.7) and WOMAC scores
(11 vs. 13) than the manual cohort. Although these studies report nonsignificant differences in patient satisfaction, both studies still report
greater overall clinical satisfaction in patients who underwent RATKA.

improved mechanical axis alignment and reduced alignment
outliers-an important factor which can influence the survivorship
and functionality of an implant for long term period. Also, study
findings found excellent patients’ satisfaction in terms of clinical and
radiological outcome without any complication on short term follow
up. The results from this study showed a distinct advantage to patients
in terms of operative procedure and length of hospital stay with better
overall patient satisfaction scores.
However, since this technology is relatively new, further comparative
studies with large sample size, multiple sites and long-term clinical
outcomes are required to find patient satisfaction and functional
outcome which will help us to decide usefulness and benefits of RATKR
over manual procedure.
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