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Abstract This study evaluated the use of telerehabilitation during the postoperative period for
patients who underwent total knee arthroplasty (TKA) or unicompartmental knee
arthroplasty (UKA). Specifically, this study evaluated the following: (1) patient
compliance and adherence to the program, (2) time spent performing physical therapy
exercises, (3) the usability of the virtual rehabilitation platform, and (4) clinical
outcome scores in a selected primary knee arthroplasty cohort. A total of 157
consecutive patients underwent TKA (n ¼ 18) or UKA (n ¼ 139). These patients
used a telerehabilitation systemwith an instructional avatar, three-dimensional motion
measurement and analysis software, and real-time televisit capability designed for
arthroplasty patients. Compliance was determined by how many times the patients
followed prescribed repetitions of exercises. The total time spent performing exercises
for each patient was collected. The usability of the virtual rehabilitation platform (on
the patient’s end) was evaluated using the system usability scale (SUS) questionnaire.
The number of in-person and televisits was recorded for each patient. Patient-reported
outcomes were collected through the patient and clinician interfaces and included the
Knee Society Score (KSS) for pain and functions, the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) score, and Boston University Activity
Measure for Post-Acute Care (AM-PAC) score. Patients spent an average of 29.5 days
partaking in the therapy. TKA and UKA patients had a mean of 3.5 and 3.2 outpatient
follow-up visits, each, for in-office therapy with a physical therapist, respectively. This
figure exceeded the mean number of real-time virtual patient–clinician visits by 0.8
visits per patient in the TKA cohort and by 1 visit per patient in the UKA cohort. Patients
spent on average 26.5 minutes per day conducting an average of 13.5 exercises. By the
end of rehabilitation, patients had spent an average of 10.8 hours performing
exercises, and of all the exercises performed, approximately 21 exercises were uniquely
designed. Mean SUS score in the cohort was 93 points, which was interpreted as being
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Virtual medicine, specifically telerehabilitation, has been
rapidly expanding as an alternative or a compliment to con-
ventional face-to-face physical therapy (PT) since its develop-
ment at the turn of the 21st century. Owing to the evolution of
wireless communication, motion capture technologies, and
advanced animation capabilities, Internet-based solutions
have been developed to provide rehabilitation services to
patients before, during, and after hospitalization.1–3 To meet
the needs of an aging population, particularly in industrialized
countries, there is call for scalable, sustainable, and cost-
effective rehabilitation programs to improve adherence,
patient-satisfaction, and objective clinical outcomes.

In order for virtual rehabilitation systems to achieve full
approval, theymust demonstrate feasibility, user-friendliness,
high patient and clinician satisfaction, clinical efficacy, and an
acceptable overall cost of care; to date, many of these goals
have not been supported.4 Current literature has turned focus
toward studying the use of virtual rehabilitation services in
patients with various musculoskeletal disorders, specifically
on its ability to improve overall care.5,6 There has been
evidence suggesting that virtual rehabilitation offers similar
results in terms of functional improvement and pain relief
comparedwith conventional PT in patients with musculoske-
letal conditions. Additionally, with increased pressure tomiti-
gate health care costs, there is escalating interest in the
potential of these virtual systems to lower costs for both
patients and health care providers.7

This study proposed that a telerehabilitation platform
should be used for rehabilitation purposes during the post-
operative period for patients who underwent total knee
arthroplasty (TKA) or unicompartmental knee arthroplasty
(UKA). Specifically, this study evaluated the following: (1)
patient compliance and adherence to the program, (2) time
spent performing PT exercises, (3) the usability of the virtual
rehabilitation platform, and (4) clinical outcome scores in a
selected primary knee arthroplasty cohort.

Methods

Patient Selection
A total of 157 consecutive patients who underwent primary
TKA or UKA for advanced knee osteoarthritis, by a single

surgeon, and used a telerehabilitation platform from
June 2014 to August 2016 were identified. Of those, 83 were
women and 74 were men. A total of 18 patients underwent
TKA and 139 patients underwent UKA. Patients belonging to
the TKA cohort had a mean age of 59 years (range: 47–74
years), and patients belonging to the UKA cohort had a mean
age of 63 years (range: 37–85 years).

Virtual Exercise Rehabilitation Assistant
The Virtual Exercise Rehabilitation Assistant, VERA (Reflex-
ion Health, San Diego, CA), was used in this study. For
patients who undergo TKA or UKA, this telerehabilitation
systemprovides clinician-prescribed PT protocols to patients
at home through an animated image on a display, which
demonstrates and coaches patients by using three-dimen-
sional motion tracking cameras to detect real-time move-
ments. Additionally, this system can provide real-time
feedback to educate and help patients improve their perfor-
mance. Visual cameras record videos of the patients per-
forming the PT exercises, which thereby allow clinicians to
monitor patient progress. Moreover, patients can report
exercise outcomes and concerns, for example, if they have
experienced pain during any of the exercises or movements.
This is achieved through the clinician portal where clinicians
can review patient-reported outcomes, administer func-
tional assessments, and modify exercise plans.

On the clinician’s end of the system, a dynamic interface
enables clinicians to build and prescribe patient-specific
therapy protocols as well as to virtually communicate with
patients in real time. The interface allows clinicians to review
andmonitor patient-reported outcomemeasures such as the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) scores. In addition, clinicians can assess
specific functional tests such as sit-to-stand and timed-up-
and-down tests, as well as range-of-motion.

Study End Points
Compliancewith the programwas determined by howmany
times the patients followed prescribed repetitions of exer-
cises and adhered to the instructed regimen.

The total time spent performing exercises for each patient
was collected and reported by the platform software.

above the 50th percentile point of the scale. Following therapy, KSS pain and function
scores improved markedly and the improvements were measured at 368% for TKA and
350% for UKA (pain) and 27% for UKA and 33% for TKA (function). In addition, WOMAC
scores improved by 57% and 66% for UKA and TKA patients while the improvement in
AM-PAC scores was at 22% and 24%. This telerehabilitation platform encouraged
clinician–patient interaction beyond the hospital setting and offers the advantage of
cost savings, convenience, at-home monitoring, and coordination of care, all of which
are geared to improve adherence and overall patient satisfaction. Additionally, the
biometric data can be used to develop custom physical therapy regimens to assure
proper rehabilitation, which is lacking in other telerehabilitation applications that use
noninteractive videos that can be watched on mobile devices and tablets.
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The usability of the virtual rehabilitation platform (on the
patient’s end) was evaluated using the system usability scale
(SUS) questionnaire, which is a standardized 10-item ques-
tionnaire that allows for evaluation of a wide variety of
products and services. The questionnaires were filled in by
the patients, and subsequently the SUS score was calculated.
A score of 68 represents the 50th percentile of the SUS scale.

Patient-reported outcomes were collected through the
patient and clinician interfaces, where patients filled out the
outcome scores, which were uploaded for the clinician to
review. The following outcome scores were reported: the
Knee Society Score (KSS) for pain and functions, theWOMAC
score, and Boston University Activity Measure for Post-Acute
Care (AM-PAC) score.

Data Analysis
The data were collected in an Excel spreadsheet (Microsoft
Corporation, Redmond,WA).Outcomeswere stratifiedby type
of procedure, and data were analyzed using SPSS version 24
(IBM Corporation, Armonk, NY). Descriptive statistics were
used to report all of the study variables as means and ranges.

Results

On average, 78% of postoperative TKA and UKA patients
adhered to theprescribed rehabilitation regimen.UKApatients
had a mean adherence rate of 78% (range: 22–100%) through-
out the study, whereas TKA cohort had a 76% adherence rate
(range: 46–100%).

Patients spent an average of 29.5 days partaking in the
therapy postoperatively. During therapy time, no face-to-face
home health visits were conducted; however, TKA and UKA
patients had a mean of 3.5 and 3.2 outpatient follow-up visits,
each, for in-office therapy with a physical therapist, respec-
tively. This figure exceeded the mean number of real-time
virtual patient–clinician visits by 0.8 visits per patient in the
TKAcohortandby1visit perpatient in theUKAcohort. Patients
spent on average 26.5 minutes per day (range: 6–63 minutes)
conductinganaverageof13.5exercises (range:6–19exercises).
By the end of rehabilitation, patients had spent an average of
10.8 hours performing exercises (range: 1.5–30.5 exercises),
and of all exercises performed, approximately 21 exercises
were uniquely designed (range: 10–39 exercises).

Mean SUS score in the cohort was 93 points, which was
interpreted as being above the 50th percentile point of the
scale, which is 68 points.8

Following therapy, KSS pain scores increased markedly,
and the increases were measured at 368% for TKA and 350%
for UKA patients. KSS function scores showed 27% improve-
ment in UKA patients and 33% in TKA patients. In addition,
WOMAC scores improved by 57 and 66% for UKA and TKA
patients, respectively, whereas the improvement in AM-PAC
scores was at 22 and 24%, respectively (►Table 1).

Discussion

In thefield oforthopaedic surgerywhere there continues to be
agrowingdemand formore cost-effective, quality patient care,

there is a great deal of interest surrounding the potential
benefits of implementing telerehabilitation technology for
postoperative management plans. These benefits may include
improved adherence to prescribed rehabilitation regimens,
earlier and more successful recoveries, better overall patient
satisfaction, greater care coordination, decreased costs to the
patient, and enhanced efficacy for providers. Arguably one of
the most important benefits for telerehabilitation therapy is
theability toprovidemorefrequentanddetailedmonitoringof
a patient’s at-home recovery, allowing clinicians and rehabi-
litation specialists to intervene earlier and supplement regi-
mens if needed.9–13 This study was able to confirm some of
these benefits in the context of postoperative knee arthro-
plasty rehabilitation, further supporting the claim for its use.

This study is not without limitations. The small sample size
and the retrospective review may render the study under-
poweredand introduceselectionbias.However,comparedwith
previous study, our study remains one of the largest, and all the
patients were enrolled consecutively. Additionally, the follow-
up time may be relatively short, which may not accurately
represent the true final outcomes in the cohort. However, we
mainly aimed to demonstrate the feasibility of use and patient
compliance with the virtual rehabilitation system. Further-
more, the observed consistency in outcomes in the short
term among patients who had two unique arthroplasty proce-
duresmay represent a degree of internal validity to the results.

Efforts to evaluate methods for reducing health care over-
expenditures and improving standards of care, particularly in
respect to aftercare management, such as PT, have been
made.14 The annual expenditure of PT for postoperative TKA
rehabilitation has been reported to be US$468 million, and
expenditures of up to US$180 million have been reported for
postoperative total hip arthroplasty (THA) rehabilitation.10

These figures are expected to rise with the rates of hip and
knee arthroplasty,which are projected to double over the next
decade.15 Following arthroplasty and upon hospital discharge,

Table 1 Stratified data for TKA and UKA cohorts

TKA UKA

Age (mean) 59 63

Days spent in therapy (mean) 32.1 29.2

% Adherence (mean) 76% 78%

Difference in outpatient vs.
virtual visits
(visits per patient)

0.8 1

% ΔWOMAC 66% 57%

% Δ KSS: A 368% 350%

% Δ KSS: B 33% 27%

% Δ AM-PAC 24% 22%

SUS (mean) 90 94

Abbreviations: AM-PAC, Boston University Activity Measure for Post-Acute
Care score; KSS: A, Knee Society Score for pain, KSS: B; Knee Society Score
for function; TKA, total knee arthroplasty; UKA, unicompartmental knee
arthroplasty; SUS, system usability scale; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index score.
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patients may have the option to receive home PT sessions,
where a physical therapist visits the home to conduct rehabi-
litation exercises with the patient a certain number of times
per week. This option of therapy, albeit also convenient for the
patient in terms of travel, is responsible for up to 73% of all PT
costs following joint arthroplasty.10 Tousignant et al16

reported on 197 TKA patients who were assigned to biweekly
PT for 8 weeks through either telerehabilitation or in-home
physical therapist, and found that costs for telerehabilitation
were significantly less than the costs of home visits by a
physical therapist (meandifference: –US$263; 95% confidence
interval: –$382 to –$143, �35% lower). A clear outcome of
telerehabilitation is fewer in-home and outpatient rehabilita-
tion health care provider visits, which equates to decreased
costs. Virtual monitoring, as is the case when using VERA
technology, can replace these costly visits without sacrificing
valuable interactions between patients and health care pro-
fessionals. In addition, cost savings may assist in maximizing
the success of bundled care payments.17 Furthermore, at the
present time, two randomized controlled trials are being
performed to assess telerehabilitation outcomes in patients
who received THA.18–20

Patients value personal satisfaction above all else. Often,
they relate satisfaction to the quality of care they perceive to
have received. During the in-patient postoperative period,
especially, patients receive amarked amount ofmedical atten-
tion, and anemphasis isplacedonmaintaining patient comfort
and wellness progression. Studies have been published that
examine patient satisfaction following TKA and THA during
hospitalization; however, few studies have reported onpatient
satisfaction profiles after discharge, when interaction with
health care professionals is minimal, and patients must care
for themselves.17,21–23 The Centers for Medicare andMedicaid
Services (CMS) has begun incorporating patient satisfaction
surveys as an assessment tool for hospital performance, and
results from this survey could potentially affect hospital reim-
bursements.24,25Telerehabilitationhasbeenshownto improve
patient satisfaction, and this can be attributed to its offering of
remote access and feature of convenient patient rehabilitation
monitoring. Benefits of using a virtual rehabilitation model for
postarthroplasty PT has been reportedby Pastora-Bernal et al,7

and in the study, strong evidence supported the use of virtual
systems, video conferencing, and phone calls to enhance
patient satisfaction.

Patient satisfaction can be correlated to the telerehabilita-
tionsystem’susability. TheSUSused in this studyhasprovento
be an effective tool for assessing a product’s user-friendliness.
The scale is a 10-item questionnaire that offers responses
ranging from 1 to 5, with 1 being “Strongly Disagree” and 5
being “Strongly Agree.” This scale is converted to a 0 to 100
score, and a score of 68has been determined to signify average
usability. To support the effectiveness of this scale, a 2009
study reviewednearly1,000 SUS surveys, adding to it a 7-point
adjective Likert scale, which consisted of a single question
requesting the user to summarize a product’s overall user-
friendliness; adjective responses included Worst imaginable,
Awful, Poor, OK, Good, Excellent, and Best Imaginable. The
study found the Likert scale to correlate well with SUS scores

(r ¼ 0.822).26Althoughno studyhasused theSUS to assess the
telerehabilitation system, one study that evaluated a different
telerehabilitation system found comparable usability out-
comes when using other scoring systems, including the IBM
After-Scenario Questionnaire, Post-Study System Usability
Questionnaire, and the Telehealth Usability Questionnaire.27

To obtainmaximal recovery, adherence to a postoperative
rehabilitation regimen is of utmost importance. This study
discovered a relatively high adherence to telerehabilitation
compared with reports from other studies examining adher-
ence rateswith othermethods of rehabilitation delivery. This
finding has also been supported by two other recent stu-
dies.28,29 Groth and Wulf,30 in a study analyzing compliance
with outpatient in-office rehabilitation for hand therapy,
reported poor overall adherence, with only 50% of patients
completing their exercise programs. On the other hand,
compliance with home exercise programs has had conflict-
ing reports in the literature, ranging from 35 to 70%.31–33 A
qualitative study published in 2016 analyzed the main
factors for nonadherence to PT regimens, claiming that
treatment costs, poor patient-provider relations, lack of
time, and a desire to return to normal functioning with false
anticipation of a brief recovery all contributed to poor
compliance. By design, telerehabilitation addresses many
of these issues, particularly cost and timing concerns, but
also increases patient satisfaction, which may also improve
compliance.

Of great importance, patients using telerehabilitation tech-
nology should receive comparable outcomes compared with
those receiving rehabilitation in an outpatient office setting. In
2015, Moffet et al34 conducted a study of 205 patients who
underwent TKA, comparing outcomes between telerehabilita-
tion and home PT (matched cohort), and it was determined
that no significant difference existed in the WOMAC scores
pertaining to pain (84.4 vs. 82.6; p > 0.05), stiffness (72.1 vs.
71.9; p > 0.05), or function (86 vs. 83.9; p > 0.05). Total
WOMAC scores between the groups also failed to demonstrate
a significant difference (84.5 vs. 82.6; p > 0.05). Moffet et al34

also compared Knee Osteoarthritis Outcome Index scores
between the groups, failing to find a significant difference in
symptom, pain, activity of daily living, sports/recreational,
quality of life, range of motion, or strength scores. Piqueras
et al35 conducted a randomized control trial on 133 TKA
patients, assigning them to either telerehabilitation or con-
ventional in-office PT for 2 weeks, and reported no significant
difference between groups in terms of active knee flexion,
hamstring strength,or visual analog scalescores forpain.Upon
completion of the rehabilitation program, patients belonging
to the telerehabilitation group, however, demonstrated a
significantly greater increase in quadriceps muscle strength,
which remained significant at a 3-month follow-up visit (8.48
vs. 5.89 kg; p ¼ 0.018).

On the other hand, active knee extension was signifi-
cantly better immediately following conventional in-office
PT than following telerehabilitation, but this difference
was not appreciated at 3 months (0.8 vs. 1.3; p ¼ 0.478).
A similarly designed, yet smaller, randomized control trial
by Russel et al36 evaluated 65 TKA patients for 6 weeks and
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found significantly improved stiffness scores (3.30 vs. 1.84;
p ¼ 0.04) and patient-specific functional scale scores (5.05
vs. 3.97; p ¼ 0.04) on the WOMAC questionnaire in favor of
telerehabilitation. All other WOMAC categories failed to
demonstrate a significant difference in this study. Also, in
2011, Tousignant et al20 followed 41 patients for a total of
four months, having had them undergo 8 weeks of rehabi-
litation therapy following TKA. In contrast to other studies,
the conventional in-office PT group (n ¼ 20) was deter-
mined to have significantly better WOMAC functional
scores (p ¼ 0.047) following completion of PT compared
with those who received telerehabilitation (n ¼ 21). The
failure of this study to achieve similar results to other
studies may be a result of it being underpowered.

Conclusion

This study adds to the growing evidence base in support of
the efficacy of virtual rehabilitation. The VERA platform
used in this study both enables on-demand rehabilitation
sessions for the patients, while also encouraging clinician–
patient interaction beyond the hospital setting, and offers
the advantage of cost savings, convenience, at-home mon-
itoring, and coordination of care, all of which are geared to
improve adherence and overall patient satisfaction. Unique
to this platform, biometric data can be used to develop
custom PT regimens to assure proper rehabilitation, which
is lacking in other telerehabilitation applications that use
noninteractive videos that can be watched on mobile
devices and tablets. With growing acceptance of virtual
rehabilitation technologies, further study is needed to
evaluate long-term outcomes.

Conflict of Interest
M.A.M:AAOS:Board or committeemember; Cymedica: Paid
consultant; DJ Orthopaedics: Paid consultant; Research sup-
port; Johnson& Johnson: Paid consultant; Research support;
Journal ofArthroplasty:Editorial orgoverningboard; Journal
of Knee Surgery: Editorial or governing board; Microport: IP
royalties; National Institutes of Health (NIAMS & NICHD):
Research support; Ongoing Care Solutions: Paid consultant;
Research support; Orthopedics: Editorial or governing
board; Orthosensor: Paid consultant; Research support;
Pacira: Paid consultant; Peerwell: Stock or stock Options;
PerformanceDynamics Inc.: Paid consultant; Reflexion: Paid
consultant; Sage: Paid consultant; Stryker: IP royalties; Paid
consultant; Research support; Surgical Techniques Interna-
tional: Editorial or governing board; TissueGene: Paid con-
sultant; Research support. M.C.: DJ Orthopaedics: Paid
consultant; Sage Products: Paid consultant; Stryker: Paid
consultant; Astym: Paid consultant; Reflexion: Paid consul-
tant; Cymedica: Paid consultant. A.B.: Cymedica Orthope-
dics: Paid consultant; DJ Orthopaedics: Paid consultant;
Guardian Inc: IP royalties; Journal of Society of Indian
Physiotherapists: Editorial or governing board; On Going
Care: Paid consultant; Reflexion: Paid consultant. M.C.K.:
Zimmer: Paid consultant; Paid presenter or speaker.

References
1 Brennan DM, Mawson S, Brownsell S. Telerehabilitation: enabling

the remote delivery of healthcare, rehabilitation, and self man-
agement. Stud Health Technol Inform 2009;145:231–248

2 Burdea G, Popescu V, Hentz V, Colbert K. Virtual reality-based
orthopedic telerehabilitation. IEEE Trans Rehabil Eng 2000;8(03):
430–432

3 Rizzo AA, Strickland D, Bouchard S. The challenge of using virtual
reality in telerehabilitation. Telemed J E Health 2004;10(02):
184–195

4 Kairy D, Lehoux P, Vincent C, Visintin M. A systematic review of
clinical outcomes, clinical process, healthcare utilization and
costs associated with telerehabilitation. Disabil Rehabil 2009;31
(06):427–447

5 Cottrell MA, Galea OA, O’Leary SP, Hill AJ, Russell TG. Real-time
telerehabilitation for the treatment ofmusculoskeletal conditions
is effective and comparable to standard practice: a systematic
review and meta-analysis. Clin Rehabil 2017;31(05):625–638

6 Sveistrup H. Motor rehabilitation using virtual reality. J Neuroeng
Rehabil 2004;1(01):10

7 Pastora-Bernal JM, Martín-Valero R, Barón-López FJ, Estebanez-
Pérez MJ. Evidence of benefit of telerehabitation after orthopedic
surgery: a systematic review. J Med Internet Res 2017;19(04):
e142

8 Sauro J. A Practical Guide to the Systems Usability Scale: Back-
ground, Benchmarks & Best Practices. Denver, CO: Measuring
Usability LLC; 2011

9 Bozic KJ, Ward L, Vail TP, Maze M. Bundled payments in total joint
arthroplasty: targeting opportunities for quality improvement
and cost reduction. Clin Orthop Relat Res 2014;472(01):188–193

10 Ong KL, Lotke PA, Lau E, Manley MT, Kurtz SM. Prevalence and
costs of rehabilitation and physical therapy after primary TJA.
J Arthroplasty 2015;30(07):1121–1126

11 Fu MC, Samuel AM, Sculco PK, MacLean CH, Padgett DE, McLaw-
horn AS. Discharge to inpatient facilities after total hip arthro-
plasty is associated with increased postdischarge morbidity.
J Arthroplasty 2017;32(9S):S144–S149

12 Lavernia CJ, D’Apuzzo MR, Hernandez VH, Lee DJ, Rossi MD. Post-
discharge costs in arthroplasty surgery. J Arthroplasty 2006;21
(6, Suppl 2):144–150

13 YaoDH, Keswani A, Shah CK, Sher A, Koenig KM,Moucha CS. Home
discharge after primary elective total joint arthroplasty: post-
discharge complication timing and risk factor analysis. J Arthro-
plasty 2017;32(02):375–380

14 Ferlie EB, Shortell SM. Improving the quality of health care in the
United Kingdom and the United States: a framework for change.
Milbank Q 2001;79(02):281–315

15 Kurtz S, Ong K, Lau E, Mowat F, HalpernM. Projections of primary
and revision hip and knee arthroplasty in the United States from
2005 to 2030. J Bone Joint Surg Am 2007;89(04):780–785

16 Tousignant M, Moffet H, Nadeau S, et al. Cost analysis of in-home
telerehabilitation for post-knee arthroplasty. J Med Internet Res
2015;17(03):e83

17 Reflexion Health. VERATM Transforms the Patient Experience.
Available at: http://reflexionhealth.com/blog/2016/11/14/vera-
transforms-the-patient-experience. Accessed February 7, 2018

18 Nelson M, Bourke M, Crossley K, Russell T. Telerehabilitation
versus traditional care following total hip replacement: a rando-
mized controlled trial protocol. JMIR Res Protoc 2017;6(03):e34

19 Eichler S, Rabe S, Salzwedel A, et al; ReMove-It study group.
Effectiveness of an interactive telerehabilitation system with
home-based exercise training in patients after total hip or knee
replacement: study protocol for a multicenter, superiority, no-
blinded randomized controlled trial. Trials 2017;18(01):438

20 TousignantM,Moffet H, Boissy P, CorriveauH, Cabana F,Marquis F.
A randomized controlled trial of home telerehabilitation for post-
knee arthroplasty. J Telemed Telecare 2011;17(04):195–198

The Journal of Knee Surgery

Role of Virtual Rehabilitation in TKA and UKA Chughtai et al.

D
ow

nl
oa

de
d 

by
: T

uf
ts

 U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.

http://reflexionhealth.com/blog/2016/11/14/vera-transforms-the-patient-experience.
http://reflexionhealth.com/blog/2016/11/14/vera-transforms-the-patient-experience.


21 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

22 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

23 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

24 Etier BE Jr, Orr SP, Antonetti J, Thomas SB, Theiss SM. Factors
impacting Press Ganey patient satisfaction scores in orthopedic
surgery spine clinic. Spine J 2016;16(11):1285–1289

25 Boulding W, Glickman SW, Manary MP, Schulman KA, Staelin R.
Relationship between patient satisfactionwith inpatient care and
hospital readmission within 30 days. Am J Manag Care 2011;17
(01):41–48

26 Bangor A, Miller J, Kortum P. Determining what individual SUS
scores mean: adding an adjective rating scale. J Usability Stud
2009;4(03):114–123

27 Schutte J, Gales S, Filippone A, Saptono A, Parmanto B, McCue M.
Evaluation of a telerehabilitation system for community-based
rehabilitation. Int J Telerehabil 2012;4(01):15–24

28 Piotrowicz E, Baranowski R, Bilinska M, et al. A new model of
home-based telemonitored cardiac rehabilitation inpatientswith
heart failure: effectiveness, quality of life, and adherence. Eur J
Heart Fail 2010;12(02):164–171

29 Arthur HM, Smith KM, Kodis J, McKelvie R. A controlled trial of
hospital versus home-based exercise in cardiac patients. Med Sci
Sports Exerc 2002;34(10):1544–1550

30 Groth GN, Wulf MB. Compliance with hand rehabilitation: health
beliefs and strategies. J Hand Ther 1995;8(01):18–22

31 Kolt GS, McEvoy JF. Adherence to rehabilitation in patients with
low back pain. Man Ther 2003;8(02):110–116

32 Alexandre NMC, Nordin M, Hiebert R, Campello M. Predictors of
compliancewith short-term treatment among patients with back
pain. Rev Panam Salud Publica 2002;12(02):86–94

33 Forkan R, Pumper B, Smyth N, Wirkkala H, Ciol MA, Shumway-
Cook A. Exercise adherence following physical therapy interven-
tion in older adults with impaired balance. Phys Ther 2006;86
(03):401–410

34 Moffet H, Tousignant M, Nadeau S, et al. In-home telerehabilita-
tion compared with face-to-face rehabilitation after total knee
arthroplasty: a noninferiority randomized controlled trial. J Bone
Joint Surg Am 2015;97(14):1129–1141

35 Piqueras M, Marco E, Coll M, et al. Effectiveness of an interactive
virtual telerehabilitation system in patients after total knee
arthoplasty: a randomized controlled trial. J Rehabil Med 2013;
45(04):392–396

36 Russell TG, Buttrum P, Wootton R, Jull GA. Internet-based out-
patient telerehabilitation for patients following total knee arthro-
plasty: a randomized controlled trial. J Bone Joint Surg Am 2011;
93(02):113–120

The Journal of Knee Surgery

Role of Virtual Rehabilitation in TKA and UKA Chughtai et al.

D
ow

nl
oa

de
d 

by
: T

uf
ts

 U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.


