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Background: Total hip and knee arthroplasties are increasingly performed operations, and routine
follow-up places huge demands on orthopedic services. This study investigates the effectiveness,
patients’ satisfaction, and cost reduction of Virtual Joint Replacement Clinic (VJRC) follow-up of total
hip arthroplasty and total knee arthroplasty patients in a university hospital. VJRC is especially
valuable when in-person appointments are not advised or feasible such as during the COVID-19
pandemic.
Methods: A total of 1749 patients who were invited for VJRC follow-up for knee or hip arthroplasty from
January 2017 to December 2018 were included in this retrospective study. Patients were referred to VJRC
after their 6-week postoperative review. Routine VJRC postoperative review was undertaken at 1 and 7
years and then 3-yearly thereafter. We evaluated the VJRC patient response rate, acceptability, and
outcome. Patient satisfaction was measured in a subgroup of patients using a satisfaction survey. VJRC
costs were calculated compared to face-to-face follow-up.
Results: The VJRC had a 92.05% overall response rate. Only 7.22% required further in-person appoint-
ments with only 3% being reviewed by an orthopedic consultant. VJRC resulted in an estimated saving of
£42,644 per year at our institution. The patients’ satisfaction survey showed that 89.29% of the patients
were either satisfied or very satisfied with VJRC follow-up.
Conclusion: VJRC follow-up for hip and knee arthroplasty patients is an effective alternative to in-person
clinic assessment which is accepted by patients, has high patient satisfaction, and can reduce the cost to
both health services and patients.

Crown Copyright © 2020 Published by Elsevier Inc. All rights reserved.
With an ever-increasing aging population, improved life ex-
pectancy, and quality of life expectations, the demand for hip and
knee arthroplasty is on the rise [1]. The required follow-up for
these operations has placed huge demands on orthopedic
services in terms of limited outpatient resources and clinical
staff [2].
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Randomized trials in other specialties have shown general
practitionereled [3], telephone-led [4], paper-led [5], and nurse-led
[6] follow-up as valuable alternatives to surgeon-led follow-up
clinics. These options can increase patient’s convenience and
satisfaction while reducing cost to the national health services [7].
Virtual fracture clinics whereby patient information is collected
remotely and then reviewed by a specialist have shown to be cost-
effective [8,9]. National guidelines in the United Kingdom recognize
that virtual clinic follow-up may be useful to monitor outcome of
hip and knee arthroplasty [2,10,11].

After a successful pilot in our university hospital with encour-
aging results, we further developed a Virtual Joint Replacement
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Clinic (VJRC) [12]. The aim of this study is to investigate the reli-
ability, patient’s satisfaction, and cost-effectiveness of the VJRC.

Materials and Methods

All patients who were invited for VJRC follow-up for knee or hip
arthroplasty from January 2017 to December 2018 were included in
this retrospective study.

(A) VJRC SetUp

Our standard postoperative follow-up protocol included a
face-to-face appointment with the general practitioner or prac-
tice nurse at 2 weeks (to have the wound checked and skin clips/
sutures removed or trimmed) (Fig. 1). Patients then had a face-to-
face consultant outpatient clinic appointment (without further
imaging) at 6 weeks, as is common practice in the United
Fig. 1. Diagram showing the VJRC workflow. VJRC, Virtual Joint Replacement Clinic; VC, v
outcome score.
Kingdom, to ensure and document successful recovery from the
procedure or attend to any problems that may have arisen. Pa-
tients were all routinely referred to VJRC and invited for the 1-
year follow-up if there were no clinical concerns or exclusions.
If there were any concerns, the consultant arranged further face-
to-face follow-up to the patient and the patient stayed on the in-
person follow-up waiting list for long-term follow-up. Patients
with early postoperative infection, periprosthetic fracture, com-
plex surgery, novel implants, any clinical concerns, or who
expressed wishes to have a face-to-face follow-up were not
referred to VJRC. Patients over 75 years of age at the time of
surgery with Orthopaedic Data Evaluation Panel (ODEP) 10A
[10,13] hip implant were discharged from follow-up and not
included in VJRC. VJRC follow-up was offered not only to new
patients who recently had hip or knee arthroplasties (1-year
follow-up) but also to patients who were due to have their
year 7 or later long-term follow-up for their joint arthroplasty
irtual clinic; APS, arthroplasty physiotherapy specialist; GP, general practitioner; OS:
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(legacy patients). Routine VJRC postoperative review following
national guidelines [2,10] was undertaken at 1 and 7 years and
then 3-yearly thereafter.

The patients were sent a VJRC invite pack in the post consisting
of an explanatory letter, an addressed prepaid return envelope,
patient-reported outcome measure (PROM) booklet, and detailed
information to attend a local radiology facility for radiographs of
the relevant joint(s). PROMs included a relevant hip or knee Oxford
[14], EQ-5D-3L [15], University of California at Los Angeles [16]
scores and patient opinions of their joint arthroplasty. Patients
were able to book their own radiograph appointment at a conve-
nient time at the radiology facility closest to their home. A reminder
call or letter was sent to patients if the completed paperwork and/
or plain radiographs were not received after 4 weeks of VJRC
invitation. The named consultant was informed if the patient was
discharged for any reason.

An arthroplasty physiotherapy specialist (APS) reviewed the
information provided (including PROMs) and the requested plain
radiographs. All radiographs were further reviewed by an ortho-
pedic consultant. Patients with worsening symptoms, significant
decrease in Oxford score since previous review [17], or significant
radiological changes had telephone review by the APS. A face-to-
face outpatient appointment for further assessment was offered
where appropriate, or at patient’s request, either with the APS or
with their orthopedic consultant. Patients with revision joint
arthroplasty or with significant radiographic changes were nor-
mally reviewed by the orthopedic consultant.
(B) Assessment of VJRC

Patient engagement with the VJRC was evaluated by the
response rate for all patients invited for VJRC review. A total of 1843
patients who were on the waiting list to have a VJRC follow-up
appointment between January 2017 and December 2018 were
analyzed. Ninety-four patients (5.1%) were excluded (Table 1). We
invited 1749 patients, 2272 joint arthroplasties: 1044 hip (45.95%)
and 1228 knee (54.05%), to have a VJRC follow-up. The mean age of
the patients was 71 years (range, 25-98). There were 1027 female
(58.72%) and 722 male (41.28%) patients. The outcome following
VJRC was assessed in terms of need for further review or surgery.

A patient satisfaction survey (Appendix 1) was sent to a sub-
group of VJRC patients reviewed over a 1-month period. All patients
who were due to have their VJRC follow-up in October 2018 were
included in the satisfaction survey. This month was selected as an
average representative month, avoiding national holidays and va-
cations. Patients were asked to comment if they thought that VJRC
follow-up helped them in saving time, traveling, or cost. Eighty-six
patients were eligible to participate but 10 patients (12%) were
excluded as they had moved out of area, deceased, declined use of
their data, or postponed their VJRC follow-up. Seventy-six patients
were sent the satisfaction questionnaire with a 74% response rate
(56 patients).

The overall cost of the VJRC review follow-up process was
calculated by our hospital Business Finance Department and
Table 1
Different Reasons for Patients’ Exclusion From VJRC Follow-Up.

Patient moved out of area.
Patient deceased.
Nursing home residents with advanced dementia and minimum mobility.
Routine review postponed due to medical reasons.
Patient under consultant review as referred back by GP.
Patient requested formal outpatient appointment instead of VC.

VJRC, Virtual Joint Replacement Clinic; GP, general practitioner; VC, virtual clinic.
compared to the cost of a general orthopedic clinic routine outpa-
tient appointment. The direct and indirect costs were determined
for all the resources required including medical, physiotherapy,
nursing and other staff time, radiography, estate costs, adminis-
trative costs, and other overheads for both VJRC and a general or-
thopedic clinic routine outpatient appointment. Indirect cost for
VJRC patients who subsequently need a face-to-face clinic review
appointment was also estimated and added to the total cost of the
VJRC. Indirect costs for the patients including transportation costs
and time off work were not included as it was not found feasible to
accurately estimate. It is important to point out that this was the
average cost for a general orthopedic clinic routine outpatient
appointment and not a specific cost estimate for an arthroplasty
clinic appointment.

Results

Response Rate and Acceptability

The VJRC had a 92.05% overall response rate from invited pa-
tients (1610 of 1749), and 139 (7.95%) did not return forms and/or
attend X-ray (Fig. 2). Eighty-seven patients (4.97%) were discharged
postinvite for reasons listed in Table 1. Finally, 1523 patients
(87.07%) completed the outcome forms and radiographs. A
reminder message was needed in 401 (25%) patients.

Outcome following VJRC

Out of 1523 VJRC patients, 283 (18.58%) requested or had score
or radiological changes requiring a telephone consultationwith the
APS to discuss their symptoms and/or radiograph results. One
hundred ten patients (7.22%) subsequently had a face-to-face
outpatient review: 64 patients (4.2%) with the APS and 46 pa-
tients (3.02%) with a consultant. Three patients (0.2%) were listed
for a revision procedure through their VJRC follow-up. Two patients
(0.13%) required revision surgery for aseptic loosening and 1 patient
(0.07%) for a broken femoral stem, all with minimal symptoms.

Satisfaction Survey

About 89.29% of patients (50/56) reported were either satisfied
or very satisfied with their experience of VJRC, with no patients
dissatisfied (Fig. 3A). And 86% of patients (48/56) found that VJRC
saved them time and/or money compared to their previous stan-
dard face-to-face outpatient appointment (Fig. 3B). Travel and
transport issues were the main reasons given for time and cost
savings (Fig. 3C). Only 8% of patients stated a preference for web-
based follow-up.

Cost Reduction

The average VJRC process appointment was found to cost £79
while an average face-to-face process orthopedic outpatient
follow-up appointment costed £135, resulting in an estimated
saving of £42,644 per year at our institution as shown in Table 2.

Discussion

Increasing demand for total hip arthroplasty and total knee
arthroplasty with associated follow-up has placed huge demands
on orthopedic services [7], and a more efficient and acceptable
method to monitor arthroplasty patients is required. Previous
studies have shown that patients completing questionnaires in
their own time are less likely to omit information than during a
perceived rushed consultation [18] and that questions asked by an



Fig. 2. Flow of participants through the study.
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interviewer can lead to a preferred rather than a factual answer
owing to the patient’s embarrassment [19]. The concept of virtual
clinics has been established for some time, although often related
to trauma or fracture clinics [8]. Kingsbury et al [7] found that a
questionnaire and radiograph-based remote review, of 599 pa-
tients, identified all patients in need of increased surveillance, with
good agreement for ongoing patient management and may repre-
sent a feasible total joint arthroplasty follow-up mechanism.

The VJRC response rate of 92% is higher than in other studies,
with reported rates ranging from 76% to 83% [20,21]. A web-based
follow-up study showed that 24% of their eligible patients declined
to participate in the virtual follow-up due to lack of internet access.
They suggested that computer access may present a technological
barrier for older people as the mean age of the patients who
declined participation was 74 years [21]. We used paper PROM
questionnaires that were sent to the patients by post rather than
electronically, which were acceptable to our patient population
(mean age ¼ 71 years) and may be a reason for the high VJRC
response rate. Only 8% of patients surveyed stated a preference for
web-based follow-up.

One of the concerns about reviewing arthroplasty patients
remotely is the failure to identify patients who might require
revision or subsequent surgical intervention. Marsh et al [22]
stated that the causes for subsequent revision were not missed
in their study using a web-based follow-up, and Kingsbury et al
[7] identified all patients in need of increased surveillance. We
also believe that meticulous assessment of PROMs, plain ra-
diographs reviewed by a surgeon together with providing the
option to have further in-person appointments to the patients
can make this issue to be very unlikely to occur. We had 3
patients who were identified and referred for revision surgery
through their VJRC follow-up and are not aware of any
“missed” patients.

About 89% of responders were either very satisfied or satisfied
regarding their VJRC experience. Marsh et al [21] found that pa-
tients who completed the in-person follow-up reported greater
levels of satisfaction, but their results still showed a moderate to
high satisfaction levels with a web-based virtual follow-up
assessment, with a small difference in the satisfaction levels they
felt did not outweigh the additional cost-saving and time-saving
benefits of the web-based follow-up method. Another study re-
ported that 14% of the eligible patients approached declined to
participate, as they preferred to see their surgeon in person, and
patients who attended a nonvirtual clinic had higher overall rates of
satisfaction [22].

It must be recognized that people value the personal interaction
of face-to-face appointments [23]. In developing such virtual
follow-up systems, clear pathways of communication are essential,
especially when a problem or concern is identified. These findings
align with the intention of virtual clinics to provide cost-effective
follow-up and face-to-face capacity for those patients who need
it. In our study, 18.6% of the patients followed up through virtual



Fig. 3. (A) Patient satisfaction with their experience of VJRC. “Overall, how satisfied are you with the Virtual Clinic Service?” (B) Patient assessment of VJRC convenience. “Do you feel
the Virtual Clinic saved you time and/or money compared to a standard appointment in Orthopedic Outpatients?” (C) Reasons for time and/or cost savings with VJRC perceived by
patients. (D) Patients preferred method of future review. “What would be your preferred method of future routine review?” OPA, outpatient appointment.
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clinic had some concerns and needed a telephone call by the APS to
discuss things further and to assess the need for a face-to-face
outpatient clinic review.

Moreover, 86% of our VJRC patients reported they had experi-
enced time and/or cost savings. This was in accordance with pre-
vious studies which reported that the use of virtual clinics resulted
in reduction in travel time spent by the patients [15,20].

Virtual follow-up clinics have been reported to be cost-effective
compared to standard in-person follow-up [7,12,24], reducing the
number of patients attending regular follow-up clinics, without
compromising safe practice [20]. Kingsbury et al [7] estimated that
an experienced orthopedic surgeon could review a questionnaire
and a radiograph in 2 minutes whereas an outpatient appointment
can take from 10 to 20 minutes. Hence, upward of 5-10 patients
could be reviewed in the time taken to review 1 patient under the
current system. Our VJRC managed to massively reduce our in-
person outpatient follow-up for joint arthroplasty. Only 7.2% of
this cohort required further in-person appointments with very few
patients (3%) being reviewed by an orthopedic consultant.

We had an estimated saving of £42,644 per year for our insti-
tution. Other studies included virtual arthroplasty follow-up un-
dertaken by an orthopedic surgeon [7,22,25], whereas in our VJRC
the orthopedic consultant only reviewed the plain radiographs
saving expensive consultant time. In the National Health Service in
the United Kingdom, physicians are paid by an annual salary and
not on a fee-for-service basis.

UK National Joint Registry data show that we performed 1261
primary hip and knee arthroplasty surgeries in 2016 and 2017 in
our institution (727 hip and 534 knee). Following national guide-
lines [10], hip arthroplasty patients aged over 75 years at the time
of surgery were discharged, after satisfactory 6-week postoperative
review, and not put forward for VJRC review. Also, 820 primary hip
and knee arthroplasty patients had their 1-year follow-up through
VJRC in 2017 and 2018. Only 5.0% of patients were discharged
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postinvite for reasons listed in Table 1 and we do not believe there
has been selection bias in this study.

Limitations of this study are that it was a retrospective cohort
study and the VJRC was not directly compared to an in-person
Table 2
Cost Analysis and Cost Reduction for VJRC vs Orthopedic Outpatient Appointment.

Resources/staff Cost (British pounds)

Cost Estimate of VJRC Appointment

APS teleclinic 18.59
APS administration 7.20
Administration team 5.19
Consultant (X-ray review in approximately 2 min) 2.86
Plain radiographs 25
Corporate overheads 14.70
Indirect cost estimate of patients who subsequently

need a face-to-face clinic review appointment
5.47

Total cost per appointment 79
Estimated total cost for VJRC appointments

for the 1523 patients
120,317

Total estimated savings of VJRC 85,288 (42,644/y)

Virtual Joint Replacement Clinic; APS, arthroplasty physiotherapy specialist.
outpatient follow-up. The satisfaction survey used was not
formally validated but was created by a panel including the
arthroplasty consultants and arthroplasty physiotherapy specialist
running the VJRC. All the points and questions included were
Resources/staff Cost (British pounds)

Cost Estimate of a General Orthopedic Clinic Routine Outpatient
Appointment
Orthopedic consultant 25
Nursing/healthcare assistants 10
Physiotherapy 11
Laboratory services 8
Plain radiographs 25
Medications 2
Outpatient and estate costs 25

Corporate overheads 23
Others (including secondary
commissioning and interest payments)

6

Total cost per appointment 135
Estimated cost if these 1523 patients
had a face-to-face orthopedic
outpatient follow-up

205,605
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agreed upon and found to cover the different aspects and possible
benefits and drawbacks of the VJRC. As far as we know, there are no
previously validated surveys available at present to assess the
satisfaction with virtual clinic and telemedicine follow-up in
arthroplasty. To the best of our knowledge, this patient series is the
largest in the literature assessing VJRC follow-up for hip and knee
arthroplasty.

Virtual clinics have been found to be a very useful tool for
follow-up in different subspecialties during the unprecedented
difficult times of the COVID-19 pandemic [26]. All routine outpa-
tient clinics were canceled and replaced by virtual and telephone
clinics, when appropriate, as they were regarded to be safer for
both patients and staff in order to reduce the risk of unnecessary
contact. Our VJRC has been able to function, reducing patient
contact, during this period. It is likely that virtual clinics and tele-
medicine will have a bigger role in the follow-up of patients in the
future with time and cost savings for both health providers and
patients. VJRC is especially valuable when in-person appointments
are not advised or feasible such as during the COVID-19 pandemic.

Conclusion

VJRC follow-up for hip and knee arthroplasty patients is an
effective alternative to in-person clinic assessment which is
accepted by patients, has high patient satisfaction, and can reduce
the cost to both health services and patients.
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Appendix
Appendix 1
VJRC Patients’ Satisfaction Survey.

1) It was easy for me to understand and complete the paperwork:
Strongly agree Agree Neither agree nor

disagree
Disagree Strongly disagree

2) I was able to inform you of any concerns with my joint replacement(s) (this may also include via a requested telephone call):
Strongly agree Agree Neither agree nor

disagree
Disagree Strongly disagree

3) I was able to book the X-ray at a time and place convenient to me:
Strongly agree Agree Neither agree nor

disagree
Disagree Strongly disagree

4) I was satisfied with the clarity and content of the copy of the outcome letter I received following Virtual Clinic review:
Strongly agree Agree Neither agree nor

disagree
Disagree Strongly disagree

5) Did you also receive a telephone call to further discuss the joint replacement?
Yes, please continue below No, please move to Q6
I was satisfied with the outcome of the telephone call:
Strongly agree Agree Neither agree nor

disagree
Disagree Strongly disagree

6) Did you also attend an outpatient appointment following on from, or instead of, Virtual Clinic review?
Yes, please continue below No, please move to Q7
I was satisfied with the outcome at the Orthopedic Outpatient Appointment following further assessment of the joint replacements(s):
Strongly agree Agree Neither agree nor

disagree
Disagree Strongly disagree

The appointment was with:
An orthopedic surgeon A specialist

physiotherapist

7) Do you Feel the Virtual Clinic saved you any time or money compared to a standard outpatient appointment?
Time Money Both Neither
If yes, please tick all reasons that apply:
Travel distance Travel time Travel costs Parking costs Caregiver time
Time off work Less wait time

in clinic
Other (please give details)…………………………………………………

8) Overall, how satisfied are you with the Virtual Clinic service?
Very satisfied Satisfied Neither satisfied nor dissatisfied Dissatisfied Very dissatisfied
9) If you have any comments on how we could improve the service, please tell us (please continue on the back page if you like)
10) What would be your preferred method of future routine joint replacement review (normally at 1, 7, and 10 y following surgery, then every 3 y)

� Virtual Clinic (as the previous review, with option of formal appointment if concerns)
� Web-based follow-up (email and electronic questionnaires to complete on a computer, tablet, or suitable phone, with the option of formal appointment if concerns)
� Formal outpatient clinic appointment at Derriford Hospital
� None, I would rather be discharged to the care of my GP

VJRC, Virtual Joint Replacement Clinic; GP, general practitioner.


