
Patient Satisfaction Outcomes after Robotic
Arm-Assisted Total Knee Arthroplasty:
A Short-Term Evaluation
Robert C. Marchand, MD1 Nipun Sodhi, BA2 Anton Khlopas, MD2 Assem A. Sultan, MD2

Steven F. Harwin, MD3 Arthur L. Malkani, MD4 Michael A. Mont, MD2

1Ortho Rhode Island, Wakefield, Rhode Island
2Department of Orthopaedic Surgery, Cleveland Clinic, Cleveland, Ohio
3Arthroplasty Service, Mount Sinai West Hospital, New York
4Department of Orthopedic Surgery, KentuckyOne Health,
Louisville, Kentucky

J Knee Surg 2017;30:849–853.

Address for correspondence Michael A. Mont, MD, Department of
Orthopaedic Surgery, Cleveland Clinic, 9500 Euclid Avenue A40,
Cleveland, OH 44115
(e-mail: montm@ccf.org; rhondamont@aol.com).

Advances in operative technology have led to the use
of robotic-assisted devices in several medical fields.1–3

Recently, robotics have been adopted in adult reconstructive

surgery.4–7 The development of robotic arm-assisted total
knee arthroplasty (RATKA) potentially provides orthopedic
surgeons an additional tool to achieve successful outcomes.
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Abstract Robotic arm-assisted total kneearthroplasty (RATKA)presents apotential, newaddedvalue
for orthopedic surgeons. In today’s health care system, amajor determinant of value canbe
assessed by patient satisfaction scores. Therefore, the purpose of the study was to analyze
patient satisfaction outcomes between RATKA and manual total knee arthroplasty (TKA).
Specifically, we used the Western Ontario and McMaster Universities Arthritis Index
(WOMAC) to compare (1) pain scores, (2) physical function scores, and (3) total patient
satisfaction outcomes in manual and RATKA patients at 6 months postoperatively. In this
study, 28 cemented RATKAs performed by a single orthopedic surgeon at a high-volume
institution were analyzed. The first 7 days were considered as an adjustment period along
the learning curve. Twenty consecutive cemented RATKAs were matched and compared
with 20 consecutive cemented manual TKAs performed immediately. Patients were
administered a WOMAC satisfaction survey at 6 months postoperatively. Satisfaction
scores between the two cohorts were compared and the data were analyzed using
Student’s t-tests. A p-value < 0.05 was used to determine statistical significance. The
mean pain score, standard deviation (SD), and range for the manual and robotic cohorts
were 5 � 3 (range: 0–10) and 3 � 3 (range: 0–8, p < 0.05), respectively. The mean
physical function score, SD, and range for the manual and robotic cohorts were 9 � 5
(range: 0–17) and 4 � 5 (range, 0–14, p ¼ 0.055), respectively. The mean total patient
satisfaction score, SD, and range for themanual and robotic cohorts were 14points (range:
0–27 points, SD: � 8) and 7 � 8 points (range: 0–22 points, p < 0.05), respectively. The
results from this study further highlight the potential of this new surgical tool to improve
short-term pain, physical function, and total satisfaction scores. Therefore, it appears that
patientswhoundergoRATKA can expect better short-termoutcomeswhencomparedwith
patients who undergo manual TKA.
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Specifically, RATKA has been found to be able to accurately
and consistently achieve implant placement along the hip–
knee axis within the desired 3 degrees of alignment.8–10

Although mechanical axis alignment is important for
long-term functionality and implant survivorship,11–14 it is
unknown whether the improved positioning achieved using
robotic technology is superior tomanual techniques in terms
of patient outcomes. In fact, patient satisfaction is so im-
portant that surveys, such as the Press Ganey survey, can
impact a hospital’s reputation are sharedwith the public and
can even affect surgeon reimbursement.15–21

As new technologies and surgical techniques such as the
RATKA are introduced, it is essential to verify their positive
impact on patients. Limited data are available assessing
patient outcomes. Therefore, the purpose of this study was
to assess short-term patient outcomes in TKA patients,
by specifically, using the Western Ontario and McMaster
Universities Arthritis Index (WOMAC) to compare (1) pain
scores, (2) physical function scores, and (3) total patient
satisfaction outcomes at 6 months postoperatively.

Methods

Patient Selection
RATKAs performed by a single orthopedic surgeon at a high-
volume institution between July 1, 2016 and August 15, 2016
were included in this study. A total of 28 cemented RATKAs
were performed. The first 7 days of robotic-assisted device use
(eight cases)were considered as an adjustment period for both
the surgeonand the operating room team.This assessmentwas
basedonseveral factors: (1) the surgical technique forusing the
robot, in terms of performance of bone cuts and soft tissue
balancing, was modified until a uniform method was estab-
lished, (2) the learning curve time for the surgeon performing
the cases began normalizing closer to themean operative time
and mean in-room time after an initial increase. This left 20
consecutive cementedRATKAs thatwereanalyzed in this study
and matched to 20 consecutive manual TKAs performed
directly prior to implementation of the robotic technology.
Themeanageandstandarddeviation(SD) for theRATKAcohort
were 69 years (range: 50–88 years, SD: 10 years), while for the
manual TKA cohort was 67 years (range: 54–83 years, SD:
8 years). Themeanoperative time and SD for the RATKA cohort
was 79 minutes (range: 66–104 minutes, SD: 10 minutes),
while for the manual TKA cohort was 74 minutes (range:
50–106minutes, SD: 20minutes). Therewere 14 (70%)women
and6 (30%)men in the RATKAcohort and 10 (50%)women and
10 (50%) men in the manual TKA cohort.

Robotic Total Knee Arthroplasty System Operative
Details
A standardmedial parapatellar approachwithminimalmedial
release was performed. A preoperative plan was made from a
computed tomography scan. The robot used in this study was
Mako system (Stryker, Mahwah, NJ). A robotic-assisted check-
point was placed in the tibia, followed by a checkpoint in the
femur. Navigation data points were then collected from the
tibia and femur. Using the robotic-assisted software,

the prosthesis was then manipulated allowing for optimal
balancing and realignment. The robotic armwas then brought
to make sequential cuts first on the distal femur, the posterior
chamfer, anterior condyle cuts, anterior chamfer, and finally
the proximal tibia. Implant trials were then placed, the knee
was brought into extension, and alignment was checked with
the robotic-assisted device both in extension and at 90degrees
of flexion. Patellar tracking was also checked. After any soft
tissue balancing was performed, the appropriate implants
(Triathlon Cruciate Retaining System; Stryker) were cemented
in place and alignment and tracking were once again checked
before the knee closure.

Manual Total Knee Arthroplasty Operative Details
A standard medial parapatellar approach withminimal medial
release was performed. Measured resection techniques were
utilized with intramedullary alignment for femoral measure-
ments and external alignment for tibial measurements.
Sequential bone cuts were made on the distal femur, posterior
chamfer, anterior condyle cuts, anterior chamfer, andfinally the
proximal tibia. Implant trials were then placed and trialed by
bringing theknee intoflexionandextension, confirming appro-
priate alignment. Patellar tracking was also checked. After any
soft tissue balancing was performed, the case was performed
with cemented implants (Triathlon Cruciate Retaining System;
Stryker) similarly to how the robotic cases were done.

Postoperative Rehabilitation
Postoperatively, both themanual andRATKApatients followed
the same rehabilitation protocols. While the exact protocol
followed by an individual patient might have been unique to
that patient, in general, patients started their rehabilitation
within 1 day after their procedure. Initial stages of rehabilita-
tion includedweight bearing as tolerated, stretching exercises,
and the full weight bearing as the patient was encouraged to
walkon the implant. Once patients feltmore comfortable, they
were then encouraged to start a light strength training pro-
gram to help build surrounding muscle tone. Almost all
patients completed the above protocol at outpatient physical
therapy facilities and supplemented those visits with self-
driven in-home exercises.

Western Ontario and McMaster Universities Arthritis
Index Survey
TheWOMAC is a commonlyused survey to assess hipandknee
arthritis.22–25 The self-administered survey consists of 24
questions in three subcategories: pain (5 questions), stiffness
(2 questions), and physical function (17 questions). Higher
WOMAC scores correlate toworse total mobility and function.
Both the manual and robotic cohort patients completed these
surveys during their 6 months postoperative visits.

Pain Scores
The pain score was assessed by having patients rank five
items on level of difficulty. Specifically, the 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 correlate to worse total mobility and function. Both
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the manual and robotic cohort patients completed the pain
survey during their 6 months postoperative visits.

Physical Function Scores
The physical function score was calculated based on 17
patient-reported items. Specifically, patients were asked 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) put on and (10) take off socks, (11)
rise from bed, (12) lie in bed, (13) get in and out of the bath,
(14) sit, (15) get on and off of the toilet, (16) perform heavy
domestic duties as well as perform, and (17) light domestic
duties. Higher physical function scores correlate to worse
total mobility and function. Both the manual and robotic
cohort patients completed the physical function survey
during their 6 months postoperative visits.

Total Patient Satisfaction Score
The totalpatient satisfaction scorewascalculatedbytaking the
sum of the patient pain and patient physical function score.

Data Analysis
For each patient, the pain component, physical function com-
ponent, and combined total WOMAC score were calculated.
Analysis was performed comparing themeans, ranges, and SDs
of each component of each score, for both the manual and
robotic TKA cohorts at their 6months postoperative clinic visit.
Scores were recorded in a Microsoft Excel Spreadsheet (2013
Microsoft Office Professional Plus; Redmond, WA). A cutoff
p-value of < 0.05 was set to determine statistical significance
of results. All statistical analyses were performed using SPSS
version 24 (International Business Machine Corporation,
Armonk, NY).

Results

Pain Scores
The mean postoperative pain scores for the manual cohort
were found to be 5 � 3 (range: 0–10,►Table 1). The 6months
postoperative mean pain score for the robotic cohort was
found to be 3 � 3 (range: 0–8). The robotic-assisted cohort
had a significantly lower mean pain score (p < 0.05).

Physical Function Scores
The mean physical function score for the manual cohort was
found to be 9 � 5 (range: 0–17,►Table 1). The mean physical

function score for the robotic cohort was 4 � 5 (range: 0–14).
Although the physical function score for the robotic-assisted
cohort was nearly half of that for the manual cohort, no
statistical significance was found between the two scores
(p ¼ 0.055).

Total Patient Satisfaction Score
The mean total patient satisfaction score for the manual
cohort was 14 � 8 (range: 0–27, ►Table 1). The mean total
patient satisfaction score for the robotic cohort was 7 � 8
(range: 0–22). The robotic-assisted cohort had a significantly
lower mean total patient satisfaction score (p < 0.05), in-
dicating greater patient satisfaction and clinical outcome for
the robotic cohort.

Discussion

Robotic TKA is a new surgical technology that has shown
potential in achieving mechanical axis alignment—a crucial
factor for the success of any TKA.11–14 However, along with
these clinical outcomes, patient satisfaction contributes an
equal amount to the overall patient and surgical outcome. In
fact, patient satisfaction can play such an important role that it
can markedly guide the direction of a clinical practice. For this
reason, it is necessary to continuously evaluate satisfaction
surveys, particularly for new technologies. Therefore, the pur-
pose of this studywas to assess short-term patient satisfaction
outcomes in RATKA versus manual TKA patients. Specifically,
we used the WOMAC patient satisfaction outcome survey to
compare6monthspostoperativemeanpain, physical function,
and total patient satisfaction scores. Patients who underwent
robotic-assisted surgery reported significantly better 6-month
mean pain and overall satisfaction scores (p < 0.05).

Therewere several limitations to this study. This study was
small and conducted at a single institution and each surgery
was performed by a single orthopedic surgeon. However, to
this point, this particular study design helped limit potential
confounding factors, as both the manual and robotic-assisted
cohorts were managed by the same or similar house staff,
clinical, and surgical teams. Furthermore, this study only
looked at short-term satisfaction (up to 6 months); therefore,
future studies should evaluate RATKA at longer time points.

Similar to this study, other studies have also foundRATKA to
be associated with better patient satisfaction outcomes as
compared with manual techniques. Although these are older
studies that used a different robotic-assisted device, their

Table 1 Six-month manual versus robotic TKA WOMAC scores

Surgical technique Manual TKA Robotic arm-assisted TKA p-Value

Mean 6-mo postoperative
WOMAC—pain

5 � 3 (range: 0–10) 3 � 3 (range, 0–8) <0.05

Mean 6-mo postoperative
WOMAC—physical function

9 � 5 (range: 0–17) 4 � 5 (range, 0–14) 0.055

Mean 6-mo postoperative
WOMAC—total score

14 (range: 0–27, SD: �8) 7 (0–22; SD: �8) <0.05

Abbreviations: SD, standard deviation; TKA, total knee arthroplasty; WOMAC, Western Ontario and McMaster Universities Arthritis Index.
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results are still potentially relevant. Liow et al26 performed a
randomizedcontrolled trial of60knees (31 robotic assisted and
29 manual), and found the robotic-assisted cohort to have
higher Short Form (SF)-36 quality of lifemeasures. Specifically,
the group noted a significant difference in SF-36 vitality
(p ¼ 0.03), emotional role (p ¼ 0.02), and a larger number of
patients reaching SF-36 vitality minimum clinically important
difference (48 vs. 14%, p ¼ 0.009), all in favor of the robotic
group. In addition, Kimet al27performeda studyon32patients
who underwent RATKA and found Knee Society scores signifi-
cantly improved postoperatively (27–82.8, p < 0.001).

In contrast, other studies have not found significantly
greater patient satisfaction after RATKA. Song et al28 per-
formed a prospective randomized controlled trial of 100
patients (50 robotic assisted and 50manual) who underwent
unilateral TKA and found no statistical differences between
the cohorts with respect to postoperative Hospital of Special
Surgery (HSS) scores (robotic: 96, manual: 95) and WOMAC
scores (robotic: 29, manual: 30). Song et al29 also performed
another 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
nonsignificantly better last follow-up HSS scores (95.2 vs.
94.7) andWOMAC scores (11 vs. 13) than themanual cohort.
Although these studies report nonsignificant differences in
patient satisfaction, both studies still report greater overall
clinical satisfaction in patients who underwent RATKA.

Although a paucity of literature exists comparing RATKA
and patient outcomes, there have been some studies per-
formed on unicompartmental knee arthroplasty (UKA).
Pearle et al30 performed a multicenter prospective study
on 797 patients (909 knees) who underwent robotic-assisted
UKA utilizing Mako system (Stryker). They had a mean
30-month (range, 22–52 months) follow-up period and
found excellent results both with the survivorship of the
implant andwith patient satisfaction. At the 2.5-year follow-
up point, only 11 knees required revision, resulting in a 99%
survivorship. Also, the group found that for the 898 knees
(99%) that were not revised, 92% of patients were very
satisfied or satisfied with their surgery. Cobb et al31 con-
ducted a prospective, randomized controlled trial using the
Acrobot Surgical System (The Acrobot Co. Ltd., London,
United Kingdom) to perform UKA on 27 patients (28 knees)
and found that patients who underwent robotic-assisted
UKA had significantly better American Knee scores at 6
and 18 weeks postoperatively (p ¼ 0.004). In addition,
Conditt et al32 performed a multicenter study with six
surgeons who performed robotic-assisted UKA on 788 pa-
tients (890 knees) using Mako system (Stryker). The group
found a 2-year revision rate of 1.1%, and at a mean of 2-year
follow-up, 93% of patients reported very satisfied or satisfied
outcomes.

Conclusion

As new technology continues to be introduced in the opera-
tive room, continued evaluation of this technology is essen-

tial to ensure physicians are providing the best care possible
to their patients. To the best of our knowledge, this is the first
study evaluating short-term patient satisfaction outcomes in
this new RATKA. This technology has been shown to
significantly improve mechanical axis alignment and reduce
alignment outliers—factors which can influence the survi-
vorship and functionality of an implant.11–14 However, since
this technology is relatively new, additional studies correlat-
ing clinical outcomes and patient satisfaction are necessary.
The results from this study show a distinct advantage in the
patients who underwent RATKA with better overall patient
satisfaction scores.

References
1 Zelhart M, Kaiser AM. Robotic versus laparoscopic versus open

colorectal surgery: towards defining criteria to the right choice.
Surg Endosc 2017. Doi: 10.1007/s00464-017-5796-2

2 Matthews CA. New developments in robotics and single-site
gynecologic surgery. Clin Obstet Gynecol 2017;60(02):296–311

3 Miller BA, Salehi A, Limbrick DD Jr, Smyth MD. Applications of a
robotic stereotactic arm for pediatric epilepsy and neurooncology
surgery. J Neurosurg Pediatr 2017;20(04):364–370

4 Khlopas A, ChughtaiM, Hampp EL, et al. Robotic-armassisted total
knee arthroplasty demonstrated soft tissue protection. Surg
Technol Int 2017;30:441–446

5 Illgen RNd, Bukowski BR, Abiola R, et al. Robotic-assisted total hip
arthroplasty: outcomes at minimum two-year follow-up. Surg
Technol Int 2017;30:365–372

6 Bukowski BR, Anderson P, Khlopas A, Chughtai M, Mont MA,
Illgen RL II. Improved functional outcomes with robotic com-
pared with manual total hip arthroplasty. Surg Technol Int 2016;
XXIX:303–308

7 Elmallah RK, Cherian JJ, Jauregui JJ, Padden DA, Harwin SF, Mont
MA. Robotic-arm assisted surgery in total hip arthroplasty. Surg
Technol Int 2015;26:283–288

8 van der List JP, Chawla H, Joskowicz L, Pearle AD. Current state of
computer navigation and robotics in unicompartmental and total
knee arthroplasty: a systematic review with meta-analysis. Knee
Surg Sports Traumatol Arthrosc 2016;24(11):3482–3495

9 Urish KL, Conditt M, Roche M, Rubash HE. Robotic total knee
arthroplasty: surgical assistant for a customized normal kine-
matic knee. Orthopedics 2016;39(05):e822–e827

10 Banerjee S, Cherian JJ, Elmallah RK, Jauregui JJ, Pierce TP, Mont
MA. Robotic-assisted knee arthroplasty. Expert Rev Med Devices
2015;12(06):727–735

11 Schiraldi M, Bonzanini G, Chirillo D, de Tullio V. Mechanical and
kinematic alignment in total knee arthroplasty. Ann Transl Med
2016;4(07):130

12 Cherian JJ, Kapadia BH, Banerjee S, Jauregui JJ, Issa K, Mont MA.
Mechanical, anatomical, and kinematic axis in TKA: concepts and
practical applications. Curr Rev Musculoskelet Med 2014;7(02):
89–95

13 Berend ME, Ritter MA, Meding JB, et al. Tibial component failure
mechanisms in total knee arthroplasty. Clin Orthop Relat Res
2004;(428):26–34

14 Sikorski JM. Alignment in total knee replacement. J Bone Joint
Surg Br 2008;90(09):1121–1127

15 Patel NK, Kim E, Khlopas A, et al. What influences how patients
rate their hospital stay after total hip arthroplasty? Surg Technol
Int 2017;30:405–410

16 ChughtaiM, PatelNK,GwamCU, et al.DoPressGaneyscores correlate
with total knee arthroplasty-specific outcome questionnaires in
postsurgical patients? J Arthroplasty 2017;32(9S):S109–S112

The Journal of Knee Surgery Vol. 30 No. 9/2017

Patient Satisfaction Outcomes after RATKA Marchand et al.852

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



17 Mistry JB, Chughtai M, Elmallah RK, et al. What influences how
patients rate their hospital after total hip arthroplasty? J Arthro-
plasty 2016;31(11):2422–2425

18 Delanois RE, Gwam C, Mistry JB, et al. Does length of stay
influence how patients rate their hospitalization after total hip
arthroplasty? Surg Technol Int 2017;30:393–398

19 Chughtai M, Jauregui JJ, Mistry JB, et al. What influences how
patients rate their hospital after total knee arthroplasty? Surg
Technol Int 2016;28:261–265

20 Gwam C, Mistry JB, Piuzzi N, et al. What influences how patients
with depression rate hospital stay after total joint arthroplasty?
Surg Technol Int 2017;30:373–378

21 Delanois RE, GwamCU,Mistry JB, et al. Doesgender influencehow
patients rate their patient experience after total hip arthroplasty?
Hip Int 2017. Doi: 10.1055/s-0037-1603338

22 Jauregui JJ, Banerjee S, Cherian JJ, Elmallah RD, Mont MA. Rating
systems to assess the outcomes after total knee arthroplasty. Surg
Technol Int 2015;26:289–294

23 Pierce TP, Elmallah RD, Cherian JJ, Jauregui JJ, Mont MA. Standar-
dized questionnaire time burden for practitioners and patients.
Surg Technol Int 2015;26:302–306

24 Chughtai M, Khlopas A, Thomas M, et al. Development of an
encompassing questionnaire for evaluating the outcomes follow-
ing total knee arthroplasty. Surg Technol Int 2017;30:306–313

25 Chughtai M, Khlopas A, Mistry JB, Gwam CU, Elmallah RK, Mont
MA. Time Burden of Standardized Hip Questionnaires. Surg
Technol Int 2016;28:280–284

26 Liow MH, Goh GS, Wong MK, Chin PL, Tay DK, Yeo SJ. Robotic-
assisted total knee arthroplasty may lead to improvement in
quality-of-life measures: a 2-year follow-up of a prospective
randomized trial. Knee Surg Sports Traumatol Arthrosc 2016.
Doi: 10.1007/s00167-016-4076-3

27 Kim KI, Kim DK, Juh HS, Khurana S, Rhyu KH. Robot-assisted total
knee arthroplasty in haemophilic arthropathy. Haemophilia
2016;22(03):446–452

28 Song EK, Seon JK, Yim JH, Netravali NA, Bargar WL. Robotic-
assisted TKA reduces postoperative alignment outliers and im-
proves gap balance compared to conventional TKA. Clin Orthop
Relat Res 2013;471(01):118–126

29 Song EK, Seon JK, Park SJ, Jung WB, Park HW, Lee GW. Simulta-
neous bilateral total knee arthroplasty with robotic and conven-
tional techniques: a prospective, randomized study. Knee Surg
Sports Traumatol Arthrosc 2011;19(07):1069–1076

30 Pearle AD, van der List JP, Lee L, Coon TM, Borus TA, Roche MW.
Survivorship and patient satisfaction of robotic-assisted medial
unicompartmental knee arthroplasty at a minimum two-year
follow-up. Knee 2017;24(02):419–428

31 Cobb J, Henckel J, Gomes P, et al. Hands-on robotic unicompart-
mental knee replacement: a prospective, randomised controlled
study of the acrobot system. J Bone Joint Surg Br 2006;88(02):
188–197

32 Conditt M, Coon T, Roche M, et al. Two year survivorship of
robotically guided unicompartmental knee arthroplasty. Bone
Joint J 2013;95-B:294–294

The Journal of Knee Surgery Vol. 30 No. 9/2017

Patient Satisfaction Outcomes after RATKA Marchand et al. 853

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


