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Abstract Approximately 20% of the patients are dissatisfiedwith their total knee arthroplasty (TKA).
Computer technology has been introduced for TKA to provide real time intraoperative
information on limb alignment and exact flexion/extension gap measurements. The
purpose of this study was to determine if patient satisfaction could be improved with
the use of robotic-assisted (RA) technology following primary TKA. A total of 120
consecutive patients undergoing RA-TKA with real time intraoperative alignment and
gap balancing information were compared with a prospective cohort of 103 consecutive
patients undergoing TKAwith manual jig-based instruments during the same time period.
There were no differences between groups with age, gender, baseline Knee Society Score
(KSS) knee and function scores, follow-up, and ASA scores. TKAs were performed using
same technique, implant design, anesthesia, and postoperative treatment protocols.
Patient satisfaction survey using KSS and Likert scoring system were obtained at 1-year
follow-up. Likert scoring system demonstrated 94% of the patients in the RA group were
either very satisfied or satisfied versus 82% in the manual instruments TKA group
(p¼0.005). RA-TKA group had better average scores of all five satisfaction questions
althoughnot significant. RA-TKAgrouphadabetter averageoverall satisfaction scoreof7.1
versus 6.6 in themanual instrument group, p¼ 0.03. KSS function scoreswere significantly
better at 6 weeks and 1 year postoperatively (p¼0.02, 0.005), and KSS knee scores were
significantly better at 1 year postoperatively (p¼0.046). There are multiple reasons for
patient dissatisfaction following primary TKA. Using intraoperative computer technology
with RA surgery for patients undergoing a primary TKA, a significant improvement in
patient satisfaction was demonstrated compared with TKA using conventional manual jig-
based instruments. RA surgery provides several advantages in TKA including real time
information in millimeters to help obtain balanced gaps, accurate bone cuts, reduced soft
tissue injury, and achieve the target alignment which may lead to improved patient
satisfaction.
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In 2012, the number of total knee arthroplasty (TKA) per-
formed in the United States was over 700,000 and projected
to increase to 3.5 million procedures performed by 2030.1

Todays health care system continues to place emphasis on
patient reported outcomes and satisfaction following TKA. It
has been previously demonstrated that only 75% of the
patients are either satisfied or very satisfied with their
TKA at 1-year follow-up.2 Even with contemporary design
TKA implants, approximately one in five (19%) primary TKA
patients were not satisfied with their outcome.3 Conversely,
in a 5-year follow-up study of 384 unicompartmental knee
arthroplasty patients, 91% of the patients were either very
satisfied or satisfied with their knee function.4 There are
several reasons for patient dissatisfaction following TKAs
including component malalignment and instability.5 Mala-
lignment of greater than 3 degree has been identified in 32%
of conventional TKAs and can lead to symptoms of pain and
instability.6 Instability due to flexion and extension gap
mismatch is also one of the leading etiologies of failure of
a primary TKA leading to revision surgery.7,8

The ability to achieve and confirm the desired overall
alignment and accurate gap balancing of the flexion and
extension gaps intraoperatively can be challenging with
conventional jig-based manual instruments. Manual jig-
based instruments have demonstrated variability and inac-
curacy during primary TKA since the surgeon has to resort to
using gap measurement blocks or laminar spreaders to
determine the accuracy of the flexion and extension gaps.
The use of computer robotic technology has been shown to
be effective in many industries such as manufacturing and
automotive. In 1985, the first surgical application of indus-
trial robotic technology was described when an industrial
robotic arm was modified to perform a stereotactic brain
biopsy with 0.05-mm accuracy.9 Since then robotic-assisted
(RA) technology has been used successfully in neurologic,
cardiac, gynecologic, urologic, and more recently orthopedic
surgery.10,11

RA surgery for TKA (Mako, Stryker, Mahwah, NJ) provides
surgeons the ability to develop a 3D preoperative plan to
obtain the desired limb and component alignment along
with soft tissue balancing with gap measurements in 1-mm
increments. Bone cuts and implant placement in the coronal,
sagittal, and axial planes can be accomplished to obtain
precisely balanced gaps and desired overall alignment and
component position. Real time intraoperative information is
available to confirm the target alignment and desired gap
measurements with the ability to make any necessary intra-
operative corrections after trial implants to achieve the
desired goal.

Studies have been published comparing early outcomes
related to the use of computer technology and RA TKA and
manual or conventional TKA.12–14 RA-TKA has been associ-
ated with decreased pain and improved early functional
recovery, and reduced time to hospital discharge compared
with conventional jig-based TKA.13 The purpose of this study
was to determine if overall patient satisfaction can be
improvedwith the use of RA technology versus conventional
jig-based instruments in patients undergoing primary TKA.

Materials and Methods

A total of 228 patients undergoing primary TKA using RA-TKA
with intraoperativecomputer technology (Mako,Stryker,Mah-
wah,NJ)or traditionaljig-basedTKAusingmanual instruments
were studied. Inclusion criteria included patients undergoing
primary TKA for osteoarthritis and a minimum of 1-year
follow-up. The pattern of osteoarthritic disease and deformity
(degree of varus/valgus) were similar between the groups. In
the RA-TKA group, two patients were excluded due to a
periprosthetic joint infection. In the manual TKA group, one
patient was excluded due to a periprosthetic joint infection,
one patient was excluded due to a periprosthetic tibia fracture
with tibial tray loosening, and one patient was excluded due to
an extensor mechanism rupture with open arthrotomy and
contamination. Therefore, 223 patients available for review:
120 consecutive patients that underwent primary TKA using
CT-based computer technology with RA surgery were com-
pared with a prospective cohort of 103 consecutive patients
that underwent primary TKAusing conventional jig-basedTKA
with manual instruments. Patients were scheduled on a con-
secutivebasiswithmanual jig-based instruments used ondays
when the technology-based RA system was not available.
Average age in the RA-TKA cohort was 68 years range (40–86
years) versus 66 years (range 44–87 years) in the manual jig-
based TKA cohort (p¼0.09). The computer technology RA-TKA
group consisted of 40% males and 60% females versus 37%
males and 63% females in the manual jig-based TKA group
(p¼0.68). AverageBMI in the computer technologyTKAcohort
was31.2kg/m2 (range 18–47) versus 34.7kg/m2 (range20–47)
in themanual TKAcohort (p<0.01). Theaverage follow-upwas
17 months in the RA-TKA group versus 19 months in the
manual TKA group with a minimum of 1 year (p¼0.09).

Institutional review board approval was obtained prior to
initiating the study. All procedureswere performed by a single
surgeon using the same implant design (Triathlon PS TKA,
Stryker, Mahwah, NJ). All cases were performed during the
same time period using the same anesthesia team, postopera-
tive protocols, surgical approach, and implant. Majority of the
patients in both groups underwent cementless TKA and there
were 10 cemented cases in the RA group and 14 cemented in
the manual jig-based group due to osteoporotic bone. All
patients received the same preoperative total joint education
along with the same anesthesia and postoperative physical
therapy and venous thromboembolism prophylaxis protocols
with immediate weightbearing on the day of surgery. Patients
wereseenat2weeks, 6weeks, andat1year postoperatively for
clinical and radiographic evaluation.

RA-TKA Operative Technique
Preoperative CT scans were utilized to prepare a virtual 3D
preoperative plan with respect to the desired component
position, limb alignment, and gap measurements. The goal
was to obtain equal gapmeasurements within 1mm between
theflexion and extensiongaps and themedial and lateral gaps.
The goal of the limbalignmentwas a targetwithin 3degrees of
the mechanical axis and use the bone cuts to balance gaps
instead of soft tissue releases unless the target fell out of
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3 degrees window at which point a combination of bone cuts
and soft tissue releases was utilized to achieve balanced gaps
within 1mm. Pins were placed intraincisional on the femoral
side and extra-articular below the tibial tubercle in the tibial
side for the tracking device. The hip center along with the
medial and lateral malleolus was registered followed by
mappingof thedistal andproximal tibia. Thepatients’baseline
limb alignment and gap measurements were recorded
followed by adjusting the virtual preoperative plan through
alterations in the femoral and tibial cuts in all planes prior to
the actual cuts to achieve the desired target alignment and
accurately balanced gaps within 1mm.

The distal femoral and proximal tibial cuts were
completed with the RA arm and the extension gap
balanced to within 1mm between the medial and lateral
gaps confirmed with the intraoperative computer tech-
nology tool on a screen. A tensioning device was placed
in flexion after the PCL was resected and virtual adjust-
ments were made using the intraoperative computer
technology software tool to the femoral component in
the axial and sagittal planes to balance the gaps followed
by the completion of the femoral cuts using the RA arm to
match the extension gap within 1mm. Trial implants
were used to confirm component position, limb align-
ment, and gap measurements followed by implant inser-
tion. The patella was resurfaced in all patients using a
standard free hand saw technique.

Manual Jig-Based TKA Operative Details
A measured resection technique was performed using intra-
medullary alignment for the distal femoral cut and an external
alignment guide for the proximal tibial cut. Following sequen-
tial bone cuts on the distal femur and the proximal tibia, the
extension gapwas evaluated by using a rectangular gap block
checker with calibrations. The remainder of the femoral cuts
were completed to match the extension gap with the femoral
rotation set to have a rectangular flexion gap. Adjustments
were made to obtain balanced gaps using the calibrations on
the gapblockchecker or using laminar spreaders andperform-
ing soft tissue releases or additional bone cutswhen indicated.
Therewere no technologic tools used in these cases to provide
an objective number except for the flexion and extension
blocks, laminar spreaders, and clinical judgment on soft tissue
tension. The patella was resurfaced in all patients using a
standard free hand saw technique. Trial components were
inserted to manually check limb alignment, gap stability, and
patella tracking. Thesameposterior stabilized implant utilized
in the RA surgery was inserted in the jig-based manual
instrument technique as well.

Data Collected
Patients were given the 2011 KSS system to complete inde-
pendently at 1-year follow-up appointments.15 In addition to
the five questions in the patient satisfaction section of the
KSS (displayed in ►Fig. 1), patients were asked to rate their

Fig. 1 The patient satisfaction portion of the 2011 Knee Society Scoring System.
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overall satisfaction of their knee replacement on a similar 5-
point Likert scale; the additional question asked was “Cur-
rently, how satisfied are you overall with your knee?” with
very satisfied, satisfied, neutral, dissatisfied, and very dissat-
isfied as possible responses (►Fig. 2). The 5-point Likert scale
has beenwell-established, and the format includes responses
in a range to capture the patients feeling for a specific
question.16 The original version of the Knee Society Score
(KSS function and knee scores) was also recorded preopera-
tively and at 6-week and 1-year follow-up visits. Patient
reported outcome data were recorded by a third party
independent of the surgical team. Clinical results and com-
plications were also assessed and compared between the
groups; length of stay (LOS), operative time, and pre and
postoperative active range of motion were analyzed. Data
were prospectively collected and recorded in a Microsoft
Excel Spreadsheet (2017 Microsoft Office Professional Plus,
Redmond,WA).When comparing outcomes and demograph-
ic data of the two cohorts, continuous variables were ana-
lyzed using a two-tailed t-test. Categorical data compared
between the two cohorts were analyzed using a chi-squared
test unless data frequency was small enough to preclude the
use of the test; in this case a Fisher’s exact test was used.
Statistical significance was set as a p-value of <0.05 for all
analyses. All statistical analyses were performed using SPSS
version 25 (International Business Machine Corporation,
Armonk, NY).

Results

Overall patient reported satisfaction reported with a Likert
scoring system demonstrated a statistically significant dif-
ference with 94% of the patients in the RA-TKA group being
either very satisfied or satisfied versus 82% in the jig-based
TKA group (p¼0.036). ►Table 1 shows the results of the
overall satisfaction question. The second question of the KSS

which assesses satisfactionwith the level of painwhile at rest
showed greater number of satisfied or very satisfied patient
in the RA group compared with the manual jig-based group,
86 versus 77%, but this did not reach significance. A higher
percentage of patients in the RA-TKA group responded as
being either satisfied or very satisfied to each of the five
satisfaction questions. A summary of the results of the five
questions of KSS patient satisfaction section is shown
in ►Table 2. Analysis was also performed considering the
average numerical response to each questionwith the results
demonstrated in ►Table 3. When comparing the mean
response of patient data, the overall satisfaction question
again demonstrated statistical significance (p¼0.027) with
the average response value out of 8 possible points being 7.1
and 6.6 in the RA-TKA and manual TKA groups, respectively.
The RA-TKA group had a better average total score on the KSS
satisfaction survey and better average score for each of the
five satisfaction questions although this did not reach statis-
tical significance.

Both groups had improved Knee Society Scores following
surgery, and the preoperative KSS function and knee scores
were not different between the two groups (p¼0.73,
p¼0.17). The RA group showed improved postoperative
function scores compared with the manual jig-based instru-
ments group which was statistically significant at both
6 weeks and 1 year. KSS function score in the RA group
had a 6-week and 1-year average score of 63 and 80 versus 58
and 73 in themanual group (p¼0.02, p¼0.005). The RA-TKA

Fig. 2 Overall satisfaction at 1-year postoperative total knee arthroplasty, using a 5-point Likert scale of possible responses.

Table 1 Results of the overall satisfaction question between
the robotic-assisted TKA group and the manual instruments
TKA group

Overall satisfaction
question

RA-TKA Manual TKA p-Value

Very satisfied or
satisfied

113-94% 84-82% 0.036

Neutral 5-4% 13-13% ns

Dissatisfied or very
dissatisfied

2-2% 6-6% ns

Abbreviations: ns, non-significant; RA, robotic-assisted; TKA, total knee
arthroplasty.

Table 2 A summary of the results of the five questions of KSS
patient satisfaction section between the computer technology
TKA group and the manual instruments TKA group

VD/D N S/VS p-Value

Question 1 RA-TKA
Manual
TKA

5-4%
3-3%

9-8%
11-11%

106-88%
89-86%

0.83

Question 2 RA-TKA
Manual
TKA

7-6%
8-8%

10-8%
16-16%

103-86%
79-77%

0.23

Question 3 RA-TKA
Manual
TKA

6-5%
7-7%

10-8%
16-16%

104-87%
80-78%

0.34

Question 4 RA-TKA
Manual
TKA

6-5%
5-5%

12-10%
20-19%

102-85%
78-76%

0.20

Question 5 RA-TKA
Manual
TKA

10-8%
11-11%

18-15%
17-17%

92-77%
75-73%

0.60

Abbreviations: N, neutral; RA, robotic-assisted; S/VS, satisfied/very
satisfied; TKA, total knee arthroplasty; VD/D, very dissatisfied/
dissatisfied.
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group also had a significantly better average 1-year postop-
erative KSS knee score of 85 versus 82 in the manual group
(p¼0.046). A summary of the KSS knee and function scores,
LOS and operative time is seen in ►Table 4.

Active knee range of motion was the same preoperatively
with an average of 2 to 110 degrees and 2 to 108 degrees in
the RA-TKA and manual TKA groups, respectively (p¼0.38
and p¼0.16 for extension and flexion). Postoperative active
knee range of motion on average was 0 to 119 degrees and 1
to 116 degrees in the RA-TKA and manual TKA groups,
respectively (p¼0.88 and p¼0.02 for extension and flexion).
Average total operative timewas higher in the RA-TKA group
at 1 hour 36minutes versus 1 hour 26minutes in themanual
TKA group (p<0.01). Average LOS was 2 days in the RA-TKA
group versus 3 days in themanual jig-based TKA group using

the same postoperative and discharge protocols (p¼0.0004).
Both groups had similar postoperative complications. There
were nine manipulations under anesthesia in both groups. If
patients did not reach active range of motion to 105 degrees
of flexion at 6 weeks then manipulation was recommended.
Arthroscopic lysis of adhesionswas performed in six patients
in the RA-TKA group and in three patients in themanual TKA
group. There were two cases of nonfatal pulmonary embo-
lism in the RA group (►Table 5).

Discussion

At present, approximately 19% of the patients are dissatisfied
following primary TKA.3 Patient satisfaction is affected by a
multitude of variables many of which are subjective.3,5 Many
studieshaveshownthataccuracyof ligamentbalancing,flexion
and extension gaps, and alignment is essential for function and
enduranceof theprosthetic knee.7,8,17–19Despite achieving the
desired alignment in TKA, patients can still be dissatisfied due
to multiple reasons such as instability, contracture, chronic
pain, the inability to return to an active lifestyle, and the failure
tomeet expectations. Instability is a significantmode of failure
following primary TKA and leads to patient dissatisfaction.5,7,8

Gustkeet al observedtheeffectof soft tissuebalancingachieved
through intraoperativeuseofa sensor that replaces tibial insert
trials and detects forces across the medial and lateral tibiofe-
moral interfacesas thekneetakenthroughfull range-of-motion
(ROM).20 The use of this sensor technology provides objective
intraoperative information on gapmeasurements with greater
accuracy compared with manual instruments with an actual
number which the surgeon can use to make corrections and
confirm balanced gaps. They found that optimal balancing
using this intraoperative sensor technology correlates with
higher patient satisfaction. They showed that 1 or 2mm of
gap imbalance can lead to significantly increased pressures in
the medial or lateral compartments. However, to adjust the
increased loads using sensors requires soft tissue releases or
recuts,which canbechallengingusingmanual jig-based instru-
ments. In another study, Gustke et al report improved short-
term (6months) outcomes with sensor-aided soft tissue bal-
ancingwhen comparing KSS andWesternOntario andMcMas-
ter Universities Osteoarthritis Index (WOMAC) scores.21

Use of advanced technology in TKA to help achieve the
desired surgical goals of target alignment and balanced gaps

Table 3 Comparison of average numerical responses to each of
the five questions in KSS patient satisfaction section, the total
section score, and the overall Likert question between the
computer technology TKA group and the manual instruments
TKA group

RA-TKA Manual TKA Δ p-Value

Question 1 7.1 7.0 0.07 0.74

Question 2 6.8 6.4 0.43 0.09

Question 3 6.8 6.5 0.30 0.22

Question 4 6.7 6.3 0.39 0.10

Question 5 6.2 5.9 0.30 0.28

Total score 33.6 32.0 1.54 0.16

Overall
satisfaction
question

7.1 6.6 0.48 0.027

Abbreviations: KSS, Knee Society Score; RA, robotic-assisted; TKA, total
knee arthroplasty.

Table 4 Preoperative, 6 week and 1-year postoperative Knee
Society Scores and length of stay (LOS) and operative time
compared between the robotic-assisted TKA group and the
manual TKA group

RA-TKA Manual TKA p-Value

Operative time
(h, min)

1:36 1:26 <0.01

LOS (d) 2.1 2.6 0.0004

Preoperative KSS
function score

44 43 0.73

6-week KSS function
score

63 58 0.02

1-year KSS function
score

80 73 0.005

Preoperative KSS
knee score

41 39 0.17

6-week KSS knee score 80 77 0.11

1-year KSS knee score 85 82 0.046

Abbreviations: KSS, Knee Society Score; TKA, total knee arthroplasty.

Table 5 Postoperative complications of the robotic-assisted
TKA and manual instruments TKA groups

Postoperative complications RA-TKA Manual TKA

No. of postoperative
revision TKAs

0 0

Contracture requiring MUA 9 9

Arthroscopic lysis of adhesions 6 3

Hematoma 0 1

Nonfatal PE 2 0

Abbreviations: MUA, manipulation under anesthesia; PE, pulmonary
embolism; RA, robotic-assisted; TKA, total knee arthroplasty.
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has demonstrated improved outcomes and can benefit the
surgeon intraoperatively to achieve these goals with greater
accuracy thanmanual instruments. Ameta-analysis of level I
randomized trials comparing TKA performedwith computer
navigation to those performed with conventional instru-
ments found that computer navigation leads to more
accurate mechanical alignment and higher increases in KSS
at 3 month and 12 to 32 month-follow-up; however, naviga-
tion alone does not provide accurate soft tissue gap informa-
tion.22 The use of RA surgery with associated preoperative
planning has demonstrated improved gap balancing and
alignment that has previously not been achieved by tradi-
tional methods.12 Mannan et al presented a systematic
review and meta-analysis of five studies including 181
RA-TKAs and 159 conventional TKAs with the RA group
having a better incidence or improved accuracy of ideal
mechanical alignment that was statistically significant
when comparing the groups.23

Liow et al present a prospective randomized trial of 31
RA-TKA cases and 29 manual TKA cases and found that the
conventional group had a rate ofmechanical axis deviation of
greater than 3 degree and notching at 19.4% and 10.3% versus
0% for both in the RA-TKA group. Further, joint-line restora-
tion was better in the RA-TKA group with only 3.23% being
joint-line outliers of>5mmversus 20.6% in the conventional
group.24 The group found that RA-TKA patients had better
SF-36 vitality (p¼0.03) and emotional roles (p¼0.02), as
well as a larger number of patients achieving the SF-36
vitality minimum clinically important difference (48 vs.
14%, p¼0.009).25 In another study looking at 6-month out-
comes comparing 20 RA-TKA and 20 conventional TKA
patients, improved WOMAC scores were found in the
RA-TKA cohort with higher function and decreased pain.14

They extrapolated the sum of patient pain and physical
function scores to come up with a total satisfaction score
and concluded that the RA-TKA group had statistically
significant better short-term outcomes. Kayani et al demon-
strate improved postoperative results with RA-TKA patients;
in their prospective cohort study, 40 consecutive RA-TKA

patients are compared with 40 consecutive conventional
TKA patients. They found statistically significant reduced
postoperative pain, decreased analgesia requirement,
decreased reduction in postoperative hemoglobin,
decreased time to straight leg raise and increased maximum
knee flexion at discharge, reduced number of physiotherapy
sessions, and shorter LOS in the RA-TKA group.13

These presented studies demonstrate a paradigm that RA
surgery for TKA has advantages including improvedmechan-
ical alignment, gap balancing, outcome measures, and
patient reported outcomes. Further, RA surgery differs
from manual TKA in defined ways. Haptic boundaries of
the saw blade are created from CT data and limit soft tissue
damage and the use of the robotic technology and image
guidance promotes accurate bone cuts and decreased soft
tissue release. The use of manual jig-based instruments does
not provide real time information on femoral component
alignment in the coronal, axial, and sagittal planes nor does it
provide tibial component position with the same degree of
accuracy compared with the use of intraoperative computer
technology. Both measured resection techniques and gap
balancing techniques for performing primary TKA do not
provide the exact numerical information on component
alignment or the exact gap measurement. This study dem-
onstrated improved patient satisfaction up to 94% in the RA-
TKA group comparedwith 82% in themanual jig-based group
(►Fig. 3). RA surgery with real time information on implant
position and gap measurements with 1-mm increments
allows the surgeon to accurately place the implants with
greater precision (►Fig. 4). We feel that a combination of the
several advantages of RA-TKA surgery including improved
preoperative planning, more accurate bone cuts, precise gap
balancing, decreased soft tissue trauma and the ability to
achieve and confirm the target alignment has likely contrib-
uted to the increased patient satisfaction.

Improved patient satisfaction with RA unicompartmental
arthroplasty has been demonstrated by Pearle et al. They
prospectively analyzed satisfaction and survivorship in
patients undergoing robotic-assisted unicompartmental

Fig. 3 Bar graph demonstrating the distribution of patient satisfaction 1 year postoperatively between the robotic assisted with intraoperative
computer technology total knee arthroplasty (TKA) group and the manual instruments TKA group based on the overall satisfaction question.
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Fig. 4 (A) Preoperative AP and lateral radiographs of a 73-year-old female with left knee OA undergoing robotic assisted with intraoperative
computer technology total knee arthroplasty (TKA). (B) Final intraoperative medial and lateral flexion and extension gap measurements within
1mm with components in place. (C) Postoperative AP and lateral radiographs following robotic assisted with intraoperative computer
technology TKA. AP, anteroposterior; OA, osteoarthritis.
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knee arthroplasty (RA-UKA) by six surgeons at separate
institutions with an average follow-up of 29.6 months.26

The study group included 797 patients (909 knees), and at
2.5-year follow-up there was a 98.8% survivorship (11 knees
reported as revised), and a worst-case survivorship of 96.0%
when including the 35 patients declining participation in
the study. Of the patients that did not undergo revision, 92%
were very satisfied or satisfied, 4%were neutral, and 4%were
dissatisfied or very dissatisfied. Kleeblad et al present a
prospective, multicenter study assessing survivorship and
patient satisfaction of RA-UKA at 5-year postoperative fol-
low-up in 384 patients (432 knees).4 They found a 97%
survivorship (13 revisions), and in patients that did not
undergo revision 91% were very satisfied or satisfied, 5%
were neutral, and 4% were dissatisfied or very dissatisfied.
These studies further corroborate RA surgery in the knee that
leads to better patient satisfaction.

As previous studies comparing results of RA-TKA to
conventional jig-based TKA have shown improved imme-
diate and short-term results, the results of this study
demonstrate improved outcomes with respect to patient
satisfaction in the RA-TKA group at minimum 1-year
follow-up. When comparing the numeric mean response
to each question as well as the overall satisfaction question,
RA-TKA patients consistently had higher rates of satisfac-
tion with each of the five questions, the total score of the
patient satisfaction section, and the overall satisfaction
question, with statistical significance reached with the
overall satisfaction question (►Table 3). When analyzing
the data categorically, the RA-TKA cohort had a higher
percentage of patients selecting that they were satisfied or
very satisfied with each of the five questions and the
overall Likert satisfaction question (►Table 2). Although
statistical significance was not achieved in each question,
there is a consistent trend with each question in both
modes of analysis showing RA-TKA patients to be more
satisfied. The overall Likert satisfaction question showed a
statistically significant difference with greater satisfaction
in the RA group.

With respect to the KSS knee and function scores, the RA
group showed statistically significant better postoperative
KSS function scores with a 6-week and 1-year average score
of 63 and 80 versus 58 and 73 in the manual group
(p¼0.02, p¼0.005). The RA-TKA group also had a better
average 6-week postoperative KSS knee score of 80 versus
77 in the manual group (p¼0.11) and a significantly better
average 1-year postoperative KSS knee score of 85 versus 82
in the manual group (p¼0.046). We feel that the ability to
more accurately balance the flexion and extension gaps
using computer technology as compared with blocks or
laminar spreaders using manual jig-based instruments in
all likelihood leads to a more stable knee and therefore
improved patient satisfaction. The amount of flexion gap
that potentially opens with posterior cruciate bone block
resection can be variable and clinically this may create a
flexion-extension mismatch which cannot be detected
intraoperatively using clinical acumen or blocks or laminar
spreaders leading to instability and patient discomfort with

stair climbing and recreation activities. However, using
computer technology, gaps can be detected within 1mm
allowing intraoperative adjustments to be made to resolve
any flexion-extension gap mismatch. These results show a
similar trend with previously presented studies and partic-
ularly consistent with the RA-UKA data, suggesting that RA
surgery leads to improved patient satisfaction, likely due to
a combination of the previously presented advantages of RA
technology and associated ability to obtain real time intra-
operative information on implant alignment and gap meas-
urements in TKA.

There are several limitations to this study. This was not a
randomized or blinded trial but our initial learning experi-
ence using RA surgery which also accounted for the longer
surgical time in the RA group. However, the two cohorts did
not differ with respect to patient demographics and baseline
KSS knee and function scores. All patients went through the
same preoperative education, and all procedures were per-
formed at the same institution with the same surgical
technique using the same implant design and the same
postoperative pain management and physical therapy pro-
tocols. The study was further limited with the relatively
short-term follow-up of 1 year, and the focus of the study
is on patient reported outcomes and not radiographic or
biomechanical data comparisons. There were no cases of
aseptic loosening or instability leading to revision in either
group at 1-year follow-up.We chose theKSS questionnaire as
a comparative tool because it serves as a good measurement
tool for subjective variables and latent traits.27 The Likert
scale system is one of the most popular instruments to
measure such latent traits for research purposes.16 We felt
that adding a simple question of “how satisfied are you
overall with your knee?” is an excellent way to gauge
outcomes.

The use of RA surgery is becomingmore widespread in all
surgical fields. With the use of intraoperative computer
technology and RA-TKA, we were able to demonstrate 94%
either satisfied or very satisfied patients undergoing RA-TKA
comparedwith 82%with conventional TKA usingmanual jig-
based instruments, which is a positive change compared
with aforementioned studies in the literature with the use of
manual instruments.2,3 RA surgery provides several advan-
tages to patients undergoing TKA including real time intra-
operative numerical information on implant alignment and
gap measurements, more accurate bone cuts, reduced soft
tissue injury, and less soft tissue release due to gap balancing
using primarily bone cuts. These advantages with current
technologic innovation using RA surgery in TKA can lead to
improved gap balancing and implant placement and help
avoid instability and pain leading to the improved patient
satisfaction. Further work in addition to a prospective ran-
domized study and longer follow-upwill help determine the
efficacy of this technology for use in primary TKA.
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