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SUMMARY
Background. Given the increasing use of RN in orthopaedics, our aim is to evaluate
TJA patients’ understanding of RN technology.
Methods. A survey based cross sectional study was conducted in one joint replacement
clinic from January- March 2021. Questions pertaining to demographic information,
robotics and navigation prevalence, autonomy, benefits, drawbacks, costs, and patient
experiences and attitudes were asked.
Results. Ninety-seven completed questionnaires were included in our results. 70.1%
of patients knew that some orthopaedic surgeons use robotics and navigation systems
in surgery. 71.1% had not undergone or did not know a first degree relative who had
undergone an orthopaedic surgery performed with RN assistance. 86.6% of patients
thought that >10% of operations were performed using a RN system. 58.7%, 49.4%
and 49.4% of the patients believed that RN makes surgeries more accurate, easier, and
quicker, respectively. 73.2% believed that robotic surgery would increase the price
of their surgery. 46.3% answered that RN costs > $ 100,000. 55.7% of the patients
responded that they would be willing to pay extra for a RN assisted surgery. 39.2% of
patients were unsure of whether they would like to have RN surgery.
Conclusions. Patients’ understanding of robotic and navigation in arthroplasty seems
to be limited and inconsistent. With increased direct-to-consumer marketing of these
technologies, it is critical for physicians and healthcare systems to promote balanced
and complete information.
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INTRODUCTION
Total Joint Arthroplasty (TJA) is amongst the most frequent
and most successful orthopaedic surgeries performed (1)
With increasing average age, prevalence of obesity and
improved patient reported outcomes (PRO), the number of
TJA is steadily increasing (1). Many studies have assessed
patient satisfaction and understanding of total joint replacement (2-7). The literature demonstrates that patient expectations are a strong contributor to their overall satisfaction (8).
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Since the advent of robotic and navigation (RN) assisted
surgery in orthopaedics, RN has demonstrated promising
joint replacement outcomes (9, 10). RN are used to help with
presurgical planning, aid in precision of cuts and mechanical axis alignment (9). The technology’s use in arthroplasty is
rising steadily and is becoming a target for healthcare marketing (11). With its increasing use and publicity, it is important to evaluate patients’ understanding of RN and how its
use impacts their expectations of surgical outcomes. Though
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research is revealing the utility of the technology in arthroplasty, little is known about how much orthopaedic patients themselves currently understand about it (12). Given the increasing use of RN in our institutions and around the world, it is
necessary to evaluate patients’ understanding of these evolving
technologies. We hypothesize that patients have a poor understanding of the cost and role of these systems, and that this
may be impacted by patient age, education level, and race.

patient experiences and attitudes were included (figure 1).
Participants had the option to include more than one race in
their demographic responses.

METHODS
Study protocol
The current study was conducted in accordance with the
Declaration of Helsinki and institutional ethical standards.
Institutional Review Board Policy and Procedure Committee (IRB) approval was obtained from the University of
Miami Hospital (20210388 - Date of approval: September
2020). The study is an observational cross-sectional study
and was completed in accordance with STROBE guidelines.
Data was prospectively collected through administration of
a survey-based questionnaire. All collected information was
deidentified. Patient consent for participation in the current
study was obtained verbally prior to the administration of
the questionnaire as required by our institutions IRB.

Setting and eligibility criteria
Survey based questionnaires were administered in one adult
reconstruction clinic at the University of Miami Hospital
between January and March 2021. Patients were included
if they were over the age of 18, had the capacity to consent,
and were interested in or had undergone an elective joint
replacement surgery. Patients were excluded if they did not
meet inclusion criteria. All incomplete surveys were excluded from the final results.

Questionnaire
97 paper-based questionnaires were distributed to the
patients of one adult reconstruction clinic. The survey was
reviewed and approved by our institution’s IRB. Prior to an
appointment with their joint replacement surgeon, research
fellow SH approached patients to determine eligibility and
willingness to partake in the current study. Verbal consent
was acquired if inclusion criteria was met, and patients were
given time to complete the survey independently. The survey
administrator was available to answer questions and address
concerns. Surveys were available in both English and Spanish. No identifying information was recorded. Questions
regarding demographic information, robotics and navigation prevalence, autonomy, benefits, drawbacks, costs, and
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Figure 1. Questionnaire on Robotics and Navigation in
Orthopedic Surgery.

Outcomes of interest
Our aim was to obtain roughly 100 survey responses from
adult reconstruction patients with the goal of assessing
patients’ understanding of robotics and navigation technology. Secondarily, we sought to analyze how patient demographics, including age, sex, race, and education level
impacted their answer choices.

Statistical analysis
Surveys were assessed for completeness. All completed
responses were tabulated in Microsoft Excel 2021. Statistical analysis was conducted using SPSS (Version 27.0.1.0,
2020) by author SH at the University of Miami Hospital,
Florida, USA. A Pearson’s chi-squared analysis and Fisher’s
exact test were used to assess association between demographic sex, gender, race, and education and answer choices.
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All data was assessed as categorical data. Multiple response
questions 5 and 6 were broken down into yes/no responses
for each answer choices and assessed categorically. Race was
assessed categorically as yes/no for choices: White, Asian,
Black, Hispanic, and Other. A P-value of 0.05 was used as a
cut of for statistical significance.

RESULTS
Cohort
100 surveys were administered from January-March 2021.
Three surveys were excluded due to incomplete responses,
leaving 97 surveys included in our final analysis.

Patient demographics
The median age of respondents was between 61-80 years
old (range < 40 - > 80). Fifty-four patients were female
(55.7%). Patients’ racial identifications included 51 White,
2 Asian, 23 Black, 0 Native Islander, 0 Native American,
29 Hispanic, and 2 others. Eight of the patients responded
as bi-racial or multi-racial. Patients’ highest education level
included 1 less than high school, 41 completed high school,
30 completed a bachelors, 15 completed a masters, and 10
completed a PhD (table I).

Responses
Most patients (70.1%) knew that some orthopaedic
surgeons use robotics and navigation systems in surgery
(figure 2). Most (71.1%) had not undergone or did not
know a first degree relative who had undergone an orthopaedic surgery performed with RN assistance (figure 3).
86.6% of patients thought that > 10% of operations were
performed using a RN system; 4.1% indicating > 70%
and 13.4% indicating < 10% (figure 4). 29.9%, 33.0%,
29.9%, 7.2% of patients believed that 25%, 50%, 75%,
100% of an operation could be independently performed
by using RN, respectively. 58.7%, 49.4% and 49.4% of
the patients believed that RN makes surgeries more accurate, easier, and quicker, respectively. A majority, 67.0%,
believed RN makes arthroplasty more costly as a whole
(figure 5) and 73.2% believed that robotic surgery would
increase the price of their surgery; conversely, 26.8%
believed that robotics would not change or reduce the
price of their surgery (figure 6). 46.3% answered that
RN costs > $ 100,000 (figure 7). 55.7% of the patients
responded that they would be willing to pay extra for a RN
assisted surgery. 39.2% of patients were unsure of whether
they would like to have RN surgery, 13.4% did not want
involvement of RN in their surgery, 9.3% wanted all of

Table I. Socio-demographic characteristics of the participants.
Characteristic

Frequency (n)

Percentage (%)

Total

97

100%

Male

43

44.3%

Female

54

55.7%

White

51

52.5%

Asian

2

2.1%

Black

23

23.7%

Native Islander

0

0%

Native American

0

0%

Hispanic

29

29.9%

Other

2

2.1%

Bi- or Multi- Racial

8

8.2%

< High School

1

1.0%

High School

41

42.3%

Bachelors

30

30.9%

Masters

15

15.5%

PhD

10

9.7%

Gender

Race

Education
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the surgery performed by RN, and 27.8% wanted some or
most of the surgery to be performed with RN (figure 8).

Figure 5. Bar Chart of Question 6 Responses.

Figure 2. Pie Chart of Question 1 Responses.

Figure 6. Bar Chart of Question 7 Responses.

Figure 3. Pie Chart of Question 2 Responses.

Figure 7. Pie Chart of Question 8 Responses.

Figure 4. Pie Chart of Question 3 Responses.
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Figure 8. Pie Chart of Question 10 Responses.
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Demographic impact on response choice
Age and sex were independently associated with all answer
choices. Education was associated with answer choice for
question 2 and 5a. Education was therefore associated with
respondents undergoing RN surgery or knowledge of a first
degree relative who has had RN assisted orthopaedic surgery
(p = 0.029). Education was also associated with whether respondents believed RN assisted surgery made surgery
more accurate or not (p = 0.048). Several racial demographics had associations with answer choices. White race was
associated with questions 1, 9, 10. Therefore, Whites had
an association with whether they knew some orthopaedic
surgeons use RN assisted surgery or not (p = 0.004); they
had an association with whether they would pay extra for
robotic surgery or not (p = 0.008) and there was also an
association with choice of level of RN involvement in their
surgery (p = 0.014). Black race was associated with answer
choices for questions 5a and 10. Therefore Blacks choice
of whether RN was more accurate or not was not independent of race (p = 0.007); there was also an association
with their choice of level of RN involvement in surgery (p =
0.026). Hispanic race was associated with questions 1 and 2.
Therefore Hispanics choice of whether they knew that some
orthopaedic surgeons use RN was not independent of their
race (p = 0.033). Hispanics also had an association with
whether they had or knew a first degree relative that has had
an RN assisted orthopaedic surgery or not (p = 0.032).

DISCUSSION
Given the rise of RN in orthopaedics, our study adds to
the literature by serving as an evaluation of patients understanding of the new technology. Our results demonstrate
that most patients know of RN assisted surgery in orthopaedics, though there seems to be no consistent understanding
of details on the subject. A majority either did not know, or
were unsure if they knew, someone who had an orthopaedic robotic surgery in the past, though most believed RN
surgery comprised > 10 % (median of 30-50%) of surgeries. Perceived level of autonomy and impact of the technology on surgical costs was likewise diverse amongst patients.
Over 50% incorrectly believed RN systems cost < $ 100,000.
Likewise, greater than 50% of patients were willing to pay
extra for RN assisted surgery though 39.1% were unsure
whether they would like a robotic surgery at all. When stratifying our results by age, gender, race, and education we
found associations between education and race and several
answer choices (table II and table III).
A similar study was conducted by Jassim Benjamin-Laing et
al.’s 2014 study from the United Kingdom (12). Our total
cohorts were comparable in size and results. Comparably,
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9% of our cohort and 12% of theirs had or knew someone
who had undergone a robotic surgery; 37% of our cohort
believed that most or all (75% or 100%) of an operation
could be performed by a RN system, similar to their cohort
(33%). 87% of our cohort compared to 75% of their cohort
believed > 10% of orthopaedic surgeries were performed
using RN. Similarly, roughly 50% of both cohorts believed
that RN made surgery more accurate, easier, or quicker
compared to manual TJA. Roughly 70% of both cohorts
also correctly believed RN to be more expensive than
conventional surgery, and roughly 20% of both believed RN
had no benefit compared to conventional surgery. Around
50% of both cohorts would have at least some involvements
of RN in their surgery. 13% of ours compared to 20% of
their cohort would like no involvement of RN in their TJA.
Abundant marketing campaigns for RN surgeries exist with
advertising typically suggesting personalized, faster, less
painful, and easier surgeries (13). Our cohorts’ responses on
benefits and drawbacks of RN surgery largely agreed with
these claims. In studies on RN in TKA, THA and UKA,
robotics have in fact largely demonstrated superior precision in metrics such as implant positioning, offset, leg length
and mechanical access alignment (14). Most of the evidence
for improved clinical outcomes, however, is supportive of
UKA to a greater degree than THA or TKA. Studies assessing UKA specifically, demonstrate improved implant survivorship, reduced pain, function scores and time to discharge
compared to conventional surgery (15, 16). Conversely, RN
in THA and TKA has demonstrated some benefit in pain
and functional outcomes, though systematic reviews and
meta-analysis have yet to demonstrate superiority compared
to conventional surgery (14, 17). Established drawback of
RN include, increased surgical time, learning curve and
increased costs (14). Time has been shown to increase up to
25 minutes per surgery adding up to $ 1625 (14). At baseline
value RN systems cost $ 800,000 though many are closer to
$ 1,000,000 and can add several thousand dollars to patient
cost (14). The most agreed upon drawback in our cohort was
expense, to which 54 patients responded that they would be
willing to pay more for robotic surgery. It is unlikely that RN
companies include the drawbacks and lack of documented
superiority to patients, possibly contributing to this majority. A 2012 study investigating direct-to-consumer internet
advertising in robotic prostatectomy found unbalanced
and misleading information (18). They therefore suggested
government and medical societies increase their efforts in
promotion of balanced education to patients (18). A similar
study from 2007 demonstrated that over 52% of orthopaedic patients experienced some sort of direct-to-consumer
advertising, which was correlated with higher requests for
specific surgery or implant type (19). This becoming increasMuscles, Ligaments and Tendons Journal 2022;12 (3)
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Table II. Questions associated with education stratified.
Question 2
(p = .029)

No

Unsure

Yes

< HS

100% (1/1)

HS

68.3% (28/41)

31.7% (13/41)

BA

66.7% (20/30)

10% (3/30)

23.3% (7/30)

MS

86.7% (13/15)

20% (2/10)

10% (1/10)

PhD

70% (7/10)

20% (2/10)

10% (1/10)

Question 5a (p = .048)

Accurate
< HS

0% (0/1)

HS

51.2% (21/41)

BA

60.0% (18/30)

MS

53.3% (8/15)

PhD

100% (10/10)

Table III. Questions associated with race stratified.
White Question 1
(p = 0.004)
White Question 9
(p = 0.007)
White Question 10
(p = 0.014)
Black Question 5a
(p = .007)

No

Unsure

Yes

17.6% (9/51)

0% (0/51)

72.5% (37/51)

Yes

No

68.6% (35/51)

31.4% (16/51)

No

Unsure

Some

Most

All

5.9% (3/51)

31.4% (16/51)

35.3% (18/51)

13.7% (7/51)

13.7% (7/51)

No

Unsure

Some

Most

All

26.1% (6/23)

52.2% (12/23)

4.3% (1/23)

13.0% (3/23)

4.3% (1/23)

Unsure

Yes

10.3% (3/29)

51.7% (15/29)

Unsure

Yes

6.9% (2/29)

3.4% (1/29)

Accurate
34.8% (8/23)

Black Question 10
(p = .026)

Hispanic Question 1 No
(p = 0.033)
37.9% (11/29)
Hispanic Question 2 No
(p = 0.032)
89.7% (26/29)
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ingly relevant as the spread of fragmented and misinformation
only continues to grow with the ubiquity of handheld smartphones and increased access to social media application.
Patients are left with decisions on how they would like their
arthroplasty completed, though it appears many have fragmented knowledge on the subject. Though many options
exist, RN is not as ubiquitous as patients might perceive. In our
cohort, for example, most patients knew RN was performed
by some orthopaedic surgeons, though a greater majority did
not know or were unsure of someone who was operated with
RN assistance. Two recently published studies on trends of
robotic surgery indicated that surgeries performed using this
relatively new technology number less than 10%. Using the
National Inpatient Sample Database, Antonios and Korber et
al. demonstrated that RA surgeries in TKA grew from 0.1% to
0.8% of all from 2009-2013 and that computer navigation use
grew from 1.2% to 6.3% (11). Similarly, Boylan and Suchman
et al. used the Statewide Planning and Research Cooperative
System and demonstrated that technology assistance was used
in 5.1% of all total hip, knee or UKA surgeries between 20082015 with a steady increase each year (20). RN was also more
likely to be used in knee versus hip arthroplasty, high volume
versus low volume hospitals, and on private insurance patients
versus Medicaid and Medicare patients (20). This data represented metrics of 5 or more years ago and based on our search
through online journals like PubMed and readily accessible search engines like Google, no recent data from reputable sources exists. Perhaps the lack of accessible information
contributes to some degree of our patients markedly incorrect
assessment of RN prevalence (most believing RN is involved
in > 30% of surgeries).
Robot autonomy categories include passive, semi-autonomous
(haptic), and autonomous. Passive indicates the machine
completes a portion of the surgery under directs control of
the surgeon; semi-autonomous require surgeon feedback to
complete a task; autonomous can complete tasks independently of surgeon feedback. Earlier autonomous systems such as
CASPER and ROBODOC showed potential in improving
implant alignment and patient satisfaction though they also
were found to have higher complication rate, surgical time
and aborted surgeries (21). Passive systems like the Acrobat
have demonstrated some utility in positioning TKA prosthesis, but under full control of the surgeon (10). More commonly used haptic systems, such as the Mako, couple preoperative
planning with intraoperative adjustments. Mako has growing
evidence of effectiveness in reducing intraoperative complications, improving patient activity and satisfaction scores, and
placing implants with greater precision than manual total joint
arthroplasty (22). The variety of RN systems available may
have led to our cohort’s variable estimates of independence.
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Our study is not without limitation. Firstly, we administered
our survey to one clinic’s patients. Therefore, our results are
not likely generalizable to the entire country but may reflect
patients of the central Miami and surrounding areas. Our
cohort did however include a group of patients diverse in age,
education level, and race. Additionally, our sample size was
relatively small, consisting of 97 patients. Our study was also
not extensively piloted prior to administration, though a similar study has been conducted on 98 patients in the UK (12).
The survey was also only conducted once per patient. Therefore, we were unable to assess if exposure to educational material would improve participants’ understanding of the technology. Lastly, robotics and navigation were included as one
entity in all questions, so to not confuse patients.
Further studies should investigate patients’ understanding
of RN in orthopaedics using a larger cohort, across multiple
institutions. Researchers should also aim to assess the effect of
unbiased educational material on participants’ understanding
of robotics and navigation. Furthermore, there is a need for
more updated studies on the trends in utilization and prevalence of robotics and navigation in joint replacement.

CONCLUSIONS
Patients understanding of robotic and navigation in arthroplasty seems to be limited and inconsistent. Our cohort responded similarly to Jassim and Benjamin-Laing et al’s cohort from
2011, despite a decade time gap (12). Racial and education level’s influence on answer choices were present. With
increased direct-to-consumer marketing of these technologies, it is critical for patient satisfaction met their expectations,
physicians and healthcare systems needs to promote balanced
and complete information as part of patient’s education.

FUNDINGS
None.

DATA AVAILABILITY
Data are available under reasonable request to the corresponding author.

CONTRIBUTIONS
All authors contributed equally to this work.

CONFLICT OF INTERESTS
The authors declare that they have no conflict of interests.
Muscles, Ligaments and Tendons Journal 2022;12 (3)

M. Lavelle, S. Haziza, S. Huntley, Et Al.

REFERENCES
1. Singh JA, Yu S, Chen L, Cleveland JD. Rates of total joint
replacement in the United States: Future projections to
2020-2040 using the national inpatient sample. J Rheumatol
2019;46:1134–40.
2. Choi Y-J, Ra HJ. Patient Satisfaction after Total Knee Arthroplasty. Knee Surg Relat Res 2016;28:1–15.
3. Hawker GA. Who, when, and why total joint replacement
surgery? The patient’s perspective. Curr Opin Rheumatol
2006;18:526–30.
4. Halawi MJ, Jongbloed W, Baron S, Savoy L, Williams VJ, Cote
MP. Patient Dissatisfaction After Primary Total Joint Arthroplasty: The Patient Perspective. J Arthroplasty 2019;34:1093–6.
5. Gunaratne R, Pratt DN, Banda J, Fick DP, Khan RJK, Robertson BW. Patient Dissatisfaction Following Total Knee Arthroplasty: A Systematic Review of the Literature. J Arthroplasty
2017;32:3854–60.
6. Kahlenberg CA, Nwachukwu BU, Schairer WW, Steinhaus ME, Cross MB. Patient Satisfaction Reporting After
Total Hip Arthroplasty: A Systematic Review. Orthopedics
2017;40(3):e400–e404.
7. Kahlenberg CA, Nwachukwu BU, McLawhorn AS, Cross MB,
Cornell CN, Padgett DE. Patient Satisfaction After Total Knee
Replacement: A Systematic Review. HSS J 2018;14:192–201.
8. Hamilton DF, Lane JV, Gaston P, et al. What determines
patient satisfaction with surgery? A prospective cohort study
of 4709 patients following total joint replacement. BMJ Open
2013;3:e002525.
9. Lang JE, Mannava S, Floyd AJ, et al. Robotic systems in orthopaedic surgery. J Bone Joint Surg Br 2011;93-B:1296–9.
10. Jacofsky DJ, Allen M. Robotics in Arthroplasty: A Comprehensive Review. J Arthroplasty 2016;31:2353–63.
11. Antonios JK, Korber S, Sivasundaram L, et al. Trends in
computer navigation and robotic assistance for total knee
arthroplasty in the United States: an analysis of patient and
hospital factors. Arthroplast Today 2019;5:88–95.
12. Jassim SS, Benjamin-Laing H, Douglas SL, Haddad FS.
Robotic and navigation systems in orthopaedic surgery: How
much do our patients understand? CiOS Clin Orthop Surg
2014;6:462–7.

Muscles, Ligaments and Tendons Journal 2022;12 (3)

13. Booth RE, Sharkey PF, Parvizi J. Robotics in Hip and Knee
Arthroplasty: Real Innovation or Marketing Ruse. J Arthroplasty 2019;34:2197–8.
14. Sousa PL, Sculco PK, Mayman DJ, Jerabek SA, Ast MP,
Chalmers BP. Robots in the Operating Room During Hip
and Knee Arthroplasty. Curr Rev Musculoskelet Med
2020;13:309–17.
15. Blyth MJG, Anthony I, Rowe P, Banger MS, MacLean A,
Jones B. Robotic arm-assisted versus conventional unicompartmental knee arthroplasty: Exploratory secondary analysis
of a randomised controlled trial. Bone Jt Res 2017;6:631–9.
Available from:
16. Robinson PG, Clement ND, Hamilton D, Blyth MJG, Haddad FS, Patton JT. A systematic review of robotic-assisted
unicompartmental knee arthroplasty: prosthesis design and
type should be reported. Bone Joint J 2019;101-B:838–47.
17. Karunaratne S, Duan M, Pappas E, et al. The effectiveness
of robotic hip and knee arthroplasty on patient-reported
outcomes: A systematic review and meta-analysis. Int Orthop
2019;43:1283–95.
18. Mirkin JN, Lowrance WT, Feifer AH, Mulhall JP, Eastham
JE, Elkin EB. Direct-to-consumer internet promotion of
robotic prostatectomy exhibits varying quality of information.
Health Aff 2012;31:760–9.
19. Bozic KJ, Smith AR, Hariri S, et al. The 2007 ABJS Marshall
Urist award: The impact of direct-to-consumer advertising in
orthopaedics. Clin Orthop Relat Res 2007;458:202–19.
20. Boylan M, Suchman K, Vigdorchik J, Slover J, Bosco J. Technology-Assisted Hip and Knee Arthroplasties: An Analysis of
Utilization Trends. J Arthroplasty 2018;33:1019–23.
21. Siebel T, Käfer W. Klinisches Outcome nach Roboter-assistierter versus konventionell implantierter Hüftendoprothetik:
Prospektive, kontrollierte Untersuchung von 71 Patienten
[Clinical outcome following robotic assisted versus conventional total hip arthroplasty: a controlled and prospective
study of seventy-one patients]. Z Orthop Ihre Grenzgeb
2005;143:391–8. German.
22. Jacofsky DJ, Allen M. Robotics in Arthroplasty: A Comprehensive Review. J Arthroplasty 2016;31:2353–63.

403

