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Abstract Although there are many studies on the alignment advantages when using the robotic
arm–assisted (RAA) system for total knee arthroplasty (TKA), there have been
questions regarding patient-reported outcomes. Therefore, the purpose of this study
was to use this index to compare: (1) total, (2) physical function, and (3) pain scores for
manual versus RAA patients. We compared 53 consecutive RAA to 53 consecutive
manual TKAs. No differences in preoperative scores were found between the cohorts.
Patients were administered a modified Western Ontario and McMaster Universities
Osteoarthritis Index satisfaction survey preoperatively and at 1-year postoperatively.
The results were broken down to: (1) total, (2) physical function, and (3) pain scores.
Univariate analysis with independent samples t-tests was used to compare 1-year
postoperative scores. Multivariate models with stepwise backward linear regression
were utilized to evaluate the associations between scores and surgical technique, age,
sex, as well as body mass index (BMI). Statistical analyses were performed with a
p < 0.05 to determine significance. The RAA cohort had significantly improved mean
total (6 � 6 vs. 9 � 8 points, p ¼ 0.03) and physical function scores (4 � 4 vs. 6 � 5
points, p ¼ 0.02) when compared with themanual cohort. Themean pain score for the
RAA cohort (2 � 3 points [range, 0–14 points]) was also lower than that for themanual
cohort (3 � 4 points [range, 0–11 points]) (p ¼ 0.06). On backward linear regression
analyses, RAA was found to be significantly associated with more improved total (β
coefficient [β] �0.208, standard error [SE] 1.401, p < 0.05), function (β ¼ 0.216,
SE ¼ 0.829, p < 0.05), and pain scores (β �0.181, SE ¼ 0.623, p ¼ 0.063). The RAA
technique was found to have the strongest association with improved scores when
compared with age, gender, and BMI. This study suggests that RAA patients may have
short-term improvements at minimum 1-year postoperatively. However, longer term
follow-up with greater sample sizes is needed to further validate these results.
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Robotic-arm-assisted (RAA) total knee arthroplasty (TKA)
has been shown to potentially have certain pre- and intrao-
perative advantages overmanual techniques.1,2Hampp et al2

used a cadaveric model and compared component position-
ing errors relative to the preoperative plans using optical
tracking and navigation. The group found greater accuracy in
11 out of 12 bone cut measurements when using the robotic
arm, and increased precision to plan for all bone cut mea-
surements, when compared with manual TKAs (p � 0.05).
Component placement was also found to be as or more
accurate and precise to plan when compared with manual
TKA (superior in four of the fivemeasurements; p � 0.05). In
a similar follow-up study, the same group utilized computed
tomography (CT) scans and validated the above findings as
the RAA cohort was found to have greater accuracy and
precision to plan than the manual cohort. This was noted for
both tibial components (coronal plane 0.8 vs. 1.0 and sagittal
plane 1.4 vs. 1.6 degrees) as well as femoral (coronal plane
0.6 vxs. 2.6, sagittal plane 1.1 vs. 3.7, and axial plane 0.7 vs.
3.4 degrees). Another recent study compared the preopera-
tive coronal alignment and final alignment after surgery in
330 RAA TKAs and found that all patients who had an initial
varus or valgus deformity of 7 degrees or less were corrected
to neutral (� 3 degrees).1

Although there are many studies on the potential align-
ment advantages when using the RAA system, there have
been questions regarding patient-reported outcomes. To the
best of the authors’ knowledge, there has only been one
reported study on RAA patient satisfaction.3 This study
compared 6-month Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC) scores of a consecutive
series of 20 RAA TKAs with 20 manual TKAs performed by a
single surgeon. The authors found significant differences in
the RAA cohort for WOMAC pain and total scores when
compared with the manual cohort (p < 0.05). Mean physical
function score was also found to be better for the RAA cohort
(p ¼ 0.055).

Although the earlier study identified more favorable
patient satisfaction outcomes in the RAA cohort, further
studies at longer term follow-up and with greater sample
sizes are needed to substantiate these results. Therefore, the
purpose of this study was to use this index to compare: (1)
total, (2) physical function, and (3) pain scores for manual
versus RAA patients.

Methods

Study Cohorts
RAA TKAs were performed by a single orthopaedic surgeon
at a high-volume institution. After allowing for an appro-
priate learning curve window (14 RAA TKAs), cases from an
initial 6-month period, between September 16, 2016, and
March 16, 2017, were evaluated. During this 6-month win-
dow, a total of 153 RAA TKAs were performed. Of the 153
patients, 53 completed their 1-yearWOMAC surveyandwere
included for analysis. A total of 53 consecutive manual TKAs
performed by the same surgeon between April 21, 2015, and
December 15, 2015, were used for comparison.

On univariate analysis, there were no significant differences
inpreoperativeWOMACtotal,physical function,andpainscores
between the two cohorts (►Table 1). Additionally, no signifi-
cantdifferences inpatientdemographics (age, sex, orbodymass
index [BMI]) were found between the two cohorts (►Table 2).

Robotic-Arm-Assisted Total Knee Arthroplasty System
Operative Details
Preoperatively, a CT scan–based bonemodel and surgical plan
were reviewed by the surgeon. Intraoperatively, a standard
medial parapatellar approach with minimal medial release
was performed. Arrays were placed on the tibia and femur,
which were used to determine intraoperative joint position.
The software allowed for virtual adjustments to the prosthesis
by the primary surgeon to identify optimal joint balancing and
component alignment prior to bone cuts. The robotic armwas
then brought in to make sequential cuts first on the distal
femur, posterior chamfer, anterior condyle cuts, anterior
chamfer, and finally, the proximal tibia. Implants were then
trialed with the knee in flexion and then extension to assess
joint stability. After final soft tissue balancing was performed,
the implants (Triathlon Cruciate Retaining System, Stryker,
Mahwah, NJ) were cemented in place. Final component align-
ment andpatella trackingwere checkedbeforewoundclosure.

Postoperative Rehabilitation
Both the RAA and manual TKA patient cohorts were pre-
scribed the same postoperative rehabilitation protocols.
Although specific protocols were unique to each patient,
typically patients started their rehabilitation within 1 day
after their procedure and began with weight bearing as
tolerated. Patients then moved on to stretching exercises,
and per patient discretion, were encouraged to start a light
strength training program to help build the surrounding
muscles. All patients completed the above protocol with a
combination of outpatient and at-home physical therapy.

Western Ontario and McMaster Universities
Osteoarthritis Index Survey
The WOMAC is a validated hip and knee survey.4–7 It is a self-
administered survey that consists of 24 questions distributed

Table 1 Patient characteristics of study cohorts

Characteristic Manual TKA
N ¼ 53

Robotic-arm-
assisted TKA
N ¼ 53

p-Value

Age (years) 63 � 8
(45–78)

65 � 7
(51–87)

>0.05a

Sex

Women (%) 25 (47%) 28 (53%) >0.05b

Men (%) 28 (53%) 25 (47%)

BMI (kg/m2) 32 � 7
(19–63)

33 � 7
(20–50)

>0.05a

Abbreviations: BMI, body mass index; TKA, total knee arthroplasty.
Note: Statistics shown as mean � SD (range) or column percentage.
aIndependent samples t-test.
bPearson’s chi-square test.
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among three subcategories: pain (5 questions), stiffness (2
questions), and physical function (18 questions). Higher
WOMAC scores correlate toworse total mobility and function.
Both the manual and RAA cohort patients completed these
surveys at their preoperative and 1-year postoperative visits.

Although the WOMAC is an arthritis index, it would be
expected that patients with higher scores (i.e., worse pain,
stiffness, etc.) would have lower satisfaction outcomes as this
has been shown to be the case when utilizing other similar
indices.8 Additionally, WOMACwas previously been utilized in
the analogous 6-month RAA TKA satisfaction study.3 Further-
more, Bourne et al9 and Walker et al10 also identified the
associations between WOMAC scores and satisfactions. We
thereforeused this indexasa surrogate forpatient satisfactions.

Pain Scores
Painwas assessedbyhaving patients rankfive itemson level of
difficulty. Patients ranked their pain levels during: (1)walking,
(2) using stairs, (3) in bed, (4) sitting or lying, and (5) standing
upright. Higher pain scores correlated to higher pain levels.
Both themanual and RAA cohort patients completed the pain
survey during their 1-year postoperative visits.

Physical Function Scores
The physical function scorewas calculated by asking patients
to assess their ability to: (1) descend stairs, (2) ascend stairs,
(3) rise from sitting, (4) stand, (5) bend, (6) walk, (7) get in
and out of a car, (8) shop, (9 and 10) put on and take off socks,
(11) rise frombed, (12) lie in bed, (13 and 14) get in and out of
thebath, (15) sit, (16) get on and off of the toilet, (17) perform
heavy domestic duties as well as perform, and (18) light
domestic duties. Higher physical function scores correlate to
lower physical function abilities. Both the manual and RAA
cohort patients completed the physical function survey
during their 1-year postoperative visits.

Total WOMAC Score
The total WOMAC score was calculated by taking the sum of
the patient’s pain and patient’s physical function score.

Data Analysis
Baseline patient demographics (age, sex, and BMI) as well as
WOMAC scores were compared between the two cohorts
with univariate analyses. Independent samples t-tests were
performed for continuous variables to compare means and
Pearson’s chi-square tests were performed for categorical
variables. Histograms were created to compare the distribu-

tion of total, function, and pain WOMAC scores between the
RAA and manual cohorts.

Multicollinearity between the study variables were tested
with variance inflation factors (VIFs); VIFs greater than three
identified strong collinearity. No collinearity was identified
betweenthestudycovariates; therefore, theywereall included
in the multivariate regression analyses. Multivariate models
with stepwise backward linear regression were utilized to
further evaluate the associations of surgical technique with
pain, function, and total WOMAC scores. The study covariates
analyzed were: surgical technique (manual vs. RAA), age, sex,
and BMI. All of these variables were included in the regression
model, and variables with the weakest correlations were
sequentially removed in subsequent models until that with
the strongest association was identified.

All data analyses were performed using SPSS version 22.0
(International Business Machine Corporation, Armonk, NY)
and statistical significance was maintained at a p-value of
less than 0.05.

Results

Total WOMAC Scores
A positive skew was observed with the total WOMAC scores
reported in the RAA cohort, as well as a tighter distribution
when compared with the manual cohort (►Fig. 1). This indi-
cates that therewasagreaterproportionofpatientswith lower,
and therefore improved totalWOMACscores in theRAAcohort.

One-year postoperative total WOMAC scores were sig-
nificantly lower in the RAA cohort (p < 0.05) comparedwith
themanual cohort, indicating overall improved outcomes for
RAA patients (►Table 3). The mean total WOMAC score for
the manual cohort was 9 � 8 points (range, 0–27 points),
while the mean total score for the RAA cohort was 6 � 6
points (range, 0–29 points).

Onbackward regressionanalyses,RAAwas foundtobesigni-
ficantly associated with lower total WOMAC scores (β coeffi-
cient [β] �0.208, SE 1.401, p < 0.05) at 1-year postoperatively.
Specifically, in each stepwisemodel, the use of theRAA surgical
techniquewas found tohavethestrongest associationwithtotal
WOMAC scores when compared with age, gender, and BMI.

Physical Function Scores
Compared with the manual cohort, a greater number of
patients in the RAA cohort reported lower, and therefore
improved function scores (►Fig. 2). Thehistograms showed a
more positive skew with the RAA than manual cohort.

Table 2 Preoperative WOMAC scores

Preoperative WOMAC scores Manual TKA Robotic-arm-assisted TKA p-Value

Mean � SD Range Mean � SD Range

Total 24 � 8 7–46 22 � 8 7–38 0.094

Physical function 14 � 5 3–26 13 � 5 3–24 0.084

Pain 10 � 3 4–20 9 � 3 2–16 0.077

Abbreviations: SD, standard deviation; TKA, total knee arthroplasty; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
Note: p-Values: independent samples t-test.
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For the manual cohort, the mean physical function score
was 6 � 5 points (range, 0–16 points), whereas the mean
physical function score for the RAA cohort was 4 � 4 points
(range, 0–15 points; p < 0.05; ►Table 3), indicating better
physical function outcomes for RAA patients.

Multivariate backward regression also found the use of
RAATKA tohave a significant association (β�0.216, SE 0.829,
p < 0.05)with lower and therefore improved function scores
1 year postoperatively. Specifically, in each stepwise model,

the use of the RAA surgical technique was found to have the
strongest association with WOMAC function scores when
compared with age, gender, and BMI.

Pain Scores
Overall, there was a greater proportion of patients with
lower pain scores in the RAA cohort compared with the
manual cohort (►Fig. 3). More specifically, more than 75% of
the RAA patients had a pain score of 3 points or lower,

Fig. 1 Distribution curves of 1-year postoperative total WOMAC
(Western Ontario and McMaster Universities Osteoarthritis) scores.
RATKA, robotic-arm-assisted total knee arthroplasty.

Table 3 One-year postoperative WOMAC scores

1-year postoperative WOMAC scores Manual TKA Robotic-arm-assisted TKA p-Value

Mean � SD Range Mean � SD Range

Total 9 � 8 0–27 6 � 6 0–29 <0.05

Physical function 6 � 5 0–16 4 � 4 0–15 <0.05

Pain 3 � 4 0–11 2 � 3 0–14 0.06

Abbreviations: SD, standard deviation; TKA, total knee arthroplasty; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
Note: p-Values: independent samples t-test. Bold is used to identify significant values (p < 0.05).

Fig. 2 Distribution curves of 1-year postoperative function WOMAC
(Western Ontario and McMaster Universities Osteoarthritis) scores.
RATKA, robotic-arm-assisted total knee arthroplasty.
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whereas, more than 50% of the manual patients had a pain
score of 3 points or greater.

The mean postoperative pain score for the manual cohort
was found to be 3 � 4 points (range, 0–11 points), whereas
the mean postoperative pain score for the RAA cohort was
found to be lower at 2 � 3 points (range, 0–14 points;
p ¼ 0.06; ►Table 3).

Of all the study covariates included in themodel, the use of
RAA had the strongest association (β �0.181, SE ¼ 0.623,
p ¼ 0.063) with lower pain scores. Specifically, in each step-
wisemodel, theuseof theRAA surgical techniquewas found to
have the strongest associationwithWOMACpain scoreswhen
compared with age, gender, and BMI (►Table 4).

Discussion

RAA TKA has been shown in the literature to potentially
improve several clinical, radiographic, and operative fac-
tors.11–14However, patient satisfactionoutcomes are arguably
one of themost important outcomes, and should remain at the

center of analysis. While 6-month RAA patient satisfaction
outcomes have been reported to be favorable, longer term
follow-up with larger cohorts is needed to substantiate the
earlier results. Therefore, the purpose of this study was to
assess 1-year patient satisfaction outcomes in RAA versus
manual TKA patients. The results of this study continue to
highlight RAA patient outcomeswhen comparedwithmanual
techniques.

Several factors may contribute to the results noted from
this study. Due to the haptic saw blade and real-time,
intraoperative feedback, the RAA system can help protect
surrounding soft tissues by preventing the blade from
cutting outside of the desired field.15 Furthermore, the
CT scan–based patient-specific three-dimensional joint
rendering has been shown to enhance preoperative plan-
ning.16 These reasons, as well as potentially many others,
are likely to contribute to the 1-year outcome results in
RAA patients.

There were limitations to this study. This retrospective,
single surgeon study focused on early, 1-year outcomes,
with a relatively small sample size; therefore, longer term
follow-up of larger cohorts is needed. However, as this
technology continues to grow and be implemented in
many more hospitals and institutions, larger sample sized,
prospective, multicenter studies can be performed with
additional satisfaction assessment modalities. Furthermore,
although this study accounted for some patient-specific
factors (i.e., age, sex, and BMI), future studies should also
take into account for patient complexities and comorbid-
ities. Nevertheless, these results still provide the basis for
future work to build upon.

Similar to this study, other studies have also found robotic
technology to be beneficial for TKA patients. Although these
are older studies that used a different robotic device utilized
in this study, their results are still potentially relevant. Liow
et al17 performed a evaluated 60 knees (31 robotic and 29
manual), and found the robotic cohort to have better Short
Form (SF)-36 vitality (p ¼ 0.03) and role emotional
(p ¼ 0.02) outcomes, as well as a larger number of patients
reaching SF-36 vitality minimum clinically important differ-
ence (48 vs. 14%, p ¼ 0.009) than the manual cohort. Addi-
tionally, Kim et al18 evaluated 32 RAA patients, and found
Knee Society scores significantly improved postoperatively
(27–82.8, p < 0.001).

Fig. 3 Distribution curves of 1-year postoperative pain WOMAC
(Western Ontario and McMaster Universities Osteoarthritis) scores.
RATKA, robotic-arm-assisted total knee arthroplasty.

Table 4 Association between the use of RAA surgical
technique and WOMAC scores

1-year
postoperative
WOMAC scores

Standardized
coefficient (β)

Standard
error (SE)

p-Value

Total �0.208 1.401 <0.05

Physical function �0.216 0.829 <0.05

Pain �0.181 0.623 0.063

Abbreviations: RAA, robotic-arm-assisted; SE, standard error; WOMAC,
Western Ontario and McMaster Universities Osteoarthritis Index.
Note: Bold is used to identify significant values (p < 0.05).
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Kayani et al19 compared 40 consecutivemanual TKAversus
40 consecutive RAA patients, evaluating postoperative func-
tional outcomes and time to hospital discharge between the
cohorts. The authors found RAA patients had significantly
reduced postoperative pain (p < 0.001), decreased analgesia
requirements (p < 0.001), decreased reduction in postopera-
tivehemoglobin levels (p < 0.001), shorter time to straight leg
raise (p < 0.001), decreased number of physiotherapy ses-
sions (p < 0.001), and improved maximum knee flexion at
discharge (p < 0.001) compared with manual TKA patients.
Furthermore, RAA patients had significantly shorter time to
discharge than manual TKA patients.

Conclusion

Withnewer surgical technologies constantly being introduced,
it is imperative to continue to evaluate these new modalities,
particularly in their abilities to improve patient satisfaction
outcomes. To the best of our knowledge, this is the first study
evaluating 1-year patient satisfaction outcomes utilizing this
new RAA TKA. The 1-year postoperative patient satisfaction
results from this studycorroborate those ofan earlier report on
6-month outcomes. Based on these combined outcomes,
patient can expect superior early satisfaction from RAA TKA.
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