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Abstract: Evidence for recommendations concerning the resumption of activities of daily life, including
work and sport, after knee arthroplasty is lacking. Therefore, recommendations vary considerably
between hospitals and healthcare professionals. We aimed to obtain multidisciplinary consensus
for such recommendations. Using a Delphi procedure, we strived to reach consensus among a
multidisciplinary expert panel of six orthopaedic surgeons, three physical therapists, five occupational
physicians and one physician assistant on recommendations regarding the resumption of 27 activities
of daily life. The Delphi procedure involved three online questionnaire rounds and one face-to-face
consensus meeting. In each of these four rounds, experts independently decided at what time daily life
activities could feasibly and safely be resumed after knee arthroplasty. We distinguished patients with
a fast, average and slow recovery. After four Delphi rounds, the expert panel reached consensus for
all 27 activities. For example, experts agreed that total knee arthroplasty patients with a fast recovery
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could resume cycling six weeks after the surgery, while those with an average and slow recovery
could resume this activity after nine and twelve weeks, respectively. The consensus recommendations
will subsequently be integrated into an algorithm of a personalized m/eHealth portal to enhance
recovery among knee arthroplasty patients.

Keywords: knee replacement; convalescence recommendations; patient-tailored advice; return to
work; return to sports; eHealth; m/eHealth program

1. Introduction

Knee osteoarthritis is one of the leading causes of pain and disability among adults in many
developed countries [1–4]. In adults 55 years and older, knee osteoarthritis affects approximately
10% of the population, of whom one quarter is severely disabled [5]. In the coming years, the ageing
population and the obesity epidemic will likely further increase the number of knee osteoarthritis
patients [6]. Partial or unicompartmental knee arthroplasty (UKA) and total knee arthroplasty (TKA)
are well-established treatment options for end-stage knee osteoarthritis [7]. If the rising osteoarthritis
trend continues, the burden of knee arthroplasty will increase substantially in the coming decade.
For example, in the United States, a growth of 673% for total knee arthroplasties from 2005 to 2030
is predicted [8,9]. In the Netherlands, an expected growth of 297% is expected from 2005 to 2030,
resulting in 57,900 knee arthroplasties each year [10]. The highest increase in knee arthroplasty is
expected among patients of working-age, i.e., below the age of 65. These relatively young patients are
still active in work and sports activities, and tend to have high preoperative expectations concerning
return to daily life activities after surgery [11].

Despite the good clinical outcomes with significant pain relief and improved knee function
in most patients who receive knee arthroplasty, approximately 20% of the patients are dissatisfied
postoperatively [12]. In a recent study, Mahdi et al. concluded that 6–30% of knee arthroplasty patients
had unfulfilled expectations regarding their ability to resume daily activities after surgery [13]. From a
study with interviews among 45 knee arthroplasty patients, it was concluded that patients received little
guidance and support regarding the resumption of daily activities [14]. Since the strongest predictor of
patient satisfaction appears to be the fulfilment of preoperative expectations [15,16], it is likely that
setting realistic recovery goals regarding the resumption of daily activities would lead to improved
satisfaction. Unfortunately, in many countries, such as the Netherlands, guidelines for healthcare
professionals provide no clear advice regarding recovery recommendations for daily activities,
including work and sport, after knee arthroplasty [17]. Probably, the reason is that recommendations
are often based on expert opinions of healthcare professionals, as scientific evidence is limited.
Therefore, patients receive no advice at all, or conflicting advice. Well-defined and multidisciplinary
recovery recommendations for the resumption of daily life activities are needed to set realistic
recovery expectations.

To make sure advice regarding the resumption of daily life activities is and remains relevant
for all, the advice should be personalized to the patient’s needs. For example, the pace of recovery
could differ substantially between patients, of which a hypothetical example can be seen in Figure 1.
Many patients have their ups and downs during their own recovery process, as a result of which
advice should be adapted to the changing patient’s needs. For that reason, providing personalized
and adaptive guidance is of utmost importance.
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they were asked to formulate detailed recovery recommendations on the timing of gradual (i.e., 
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Figure 1. Hypothetical and schematic representation of three potential trajectories of recovery
(i.e., fast, moderate and slow) for return to daily activities after knee arthroplasty. An example of
a realistic and actual recovery trajectory of a patient, showing ups and downs during the recovery
process, is also shown.

A recent review demonstrated that the resumption of activities of daily life after knee arthroplasty
can be improved with the help of integrated care programs, such as those provided by m/eHealth [18].
m/eHealth has the possibility to provide personalized and adaptive guidance to patients. Moreover, due
to the importance of efficient use of hospital resources and the cuts of hospitalization costs, m/eHealth
programs can support and guide patients during the recovery period at home. With m/eHealth
programs, efficient use of hospital resources can be maintained and the needs of the patients can be
fulfilled [19–23]. However, before such an m/eHealth program can be developed, consensus among
different healthcare professionals about recommendations for return to daily life activities needs to be
reached. For personalized advice it is further necessary to distinguish different recovery rates.

We aimed to conduct a Delphi study to yield multidisciplinary consensus on the timing at which
patients can return to activities of daily life, including work and sport, after knee arthroplasty. To secure
personalized and adaptive recovery recommendations, we developed recommendations for three
patient groups for UKA and TKA: patients with a fast recovery, an average recovery and a slow recovery.
The multidisciplinary recovery recommendations developed will form the basis of algorithms that will
be implemented in a personalized m/eHealth portal for knee arthroplasty patients.

2. Materials and Methods

2.1. Study Design

A Delphi procedure was used to develop multidisciplinary recovery recommendations for
the resumption of daily life activities, including work and sport. The Delphi method is used to
achieve consensus when the literature is inconclusive or incomplete [24], and previous studies have
demonstrated that this method is effective in achieving consensus on when to resume activities of daily
life after surgical procedures [25,26]. An overview of the study design is depicted in Figure 2.
First, a literature search was performed in order to review existing evidence on the recovery
and recovery recommendations after UKA and TKA. Relevant convalescence activities were selected
and a questionnaire was developed. Then, experts were recruited and in three consecutive online
rounds they were asked to formulate detailed recovery recommendations on the timing of gradual
(i.e., stepwise) resumption of the selected activities after UKA and TKA. Additionally, one face-to-face
consensus meeting was organized. Data collection took place between May and September 2019.
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The recommendations obtained from this Delphi procedure will be implemented as algorithms in a
personalized m/eHealth portal.

Int. J. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 4 of 17 

 

 
Figure 2. Flow diagram depicting the Delphi study protocol. 

2.2. Recruitment of Expert Panel 

Figure 2. Flow diagram depicting the Delphi study protocol.



Int. J. Environ. Res. Public Health 2020, 17, 4952 5 of 15

2.2. Recruitment of Expert Panel

Fifteen experts participated in this Delphi study: six orthopedic surgeons, three physical therapists,
five occupational physicians and one physician assistant. Twelve experts were male, three female.
Work experience varied from two to 25 years, and experts treated on average nine knee arthroplasty
patients per month. We recruited experts from fifteen different hospitals and practices throughout
the Netherlands and thereby assured sufficient expertise in knee arthroplasty care from different
perspectives. Experts were recruited using the authors’ network. One expert dropped out after the first
Delphi round. Data of this expert were only used during analysis of the first questionnaire round.
The other fourteen experts completed the full protocol.

2.3. Review of Existing Recovery Recommendations after UKA and TKA

A literature search was carried out in the electronic scientific database PubMed from which
current evidence regarding recovery and return to normal activities was reviewed. Search terms
included free words in the title or abstract, and mesh terms depicting “knee arthroplasty”, “recovery”,
“convalescence”, “rehabilitation”, “return to activities”, “return to work”, “return to sports”.
Articles were assessed for eligibility, including studies reporting return to daily activities or return to
work as primary or secondary outcome measures. Articles other than randomized controlled trials,
systematic reviews or international guidelines were excluded. In total, 21 articles were included.
From the included articles, relevant activities of daily life including work and sport and information
about the timing of the resumption of those activities after surgery were collected. Additionally,
recovery recommendations of 39 Dutch hospitals and clinics from flyers, brochures and websites
were examined. With these 39 hospitals and clinics, we identified the recovery recommendations
provided to at least 70% of all knee arthroplasty patients in the Netherlands. The summarized recovery
recommendations and the review of the literature were used as guidance for the expert panel and for
the development of the questionnaire.

2.4. Selection of Relevant Activities and Development of Delphi Questionnaire

The following questionnaires were used to select additional relevant activities of daily life:
the Functional Ability List (FAL), PROMIS-Physical Functioning v2.0 (PROMIS-PF) and the Work,
Osteoarthritis or Joint-Replacement Questionnaire (WORQ). The FAL contains 59 different activities
that represent general functional abilities and can be used to assess functional ability in daily life [27].
The PROMIS-PF examines physical function and includes 121 activities covering simple everyday
activities, as well as more complex activities that require a combination of skills [28]. The WORQ contains
13 activities that are often performed at the workplace [29,30]. Based on these three questionnaires
and the literature identified (mentioned under Section 2.3), during a meeting the research team selected
activities that they considered relevant for knee arthroplasty rehabilitation. Based on consensus,
27 items were selected as most relevant (Appendix A). In addition, the expert panel was asked to
examine if activities were missing and/or if activities were less relevant. Thereafter, for the selected
27 activities, the research team predicted the recovery length of each specific activity in order to develop
the corresponding questionnaire timeline, i.e., after how many postoperative days, weeks or months
can a patient gradually resume this activity.

To secure personalized and adaptive recovery recommendations, the aforementioned questionnaire
was formulated for UKA and TKA surgeries and three patient groups: patients with a fast, average
and slow recovery for return to daily activities.

2.5. Delphi Protocol

Before the first Delphi round, the expert panel received the summary of the recovery
recommendations of the 39 Dutch hospitals and clinics and the reviewed literature. This summary
was to be used as guidance. During the first questionnaire round, experts were asked to independently
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score if, and to what extent, an activity could be resumed after knee arthroplasty. An example of
the activity “walking without walking aids” is presented in Table 1. At each time point (i.e., day 1 after
surgery, or week 8 after surgery), experts scored an ability score for each activity: 3 (very limited),
2 (limited), 1 (slightly limited) or 0 (normal). These ability scores are part of the original Dutch FAL [27]
and the research team prespecified the scores for knee arthroplasty rehabilitation. The ability scores
varied from two to four categories. Additionally, the time line varied from 8 weeks until 24 months
after surgery.

Table 1. Example of the Delphi panel questionnaire, in this case, for the activity “Walking without
walking aids”.

1
day

2
days

3
days

4
days

5
days

6
days

1
wk

2
wks

3
wks

4
wks

5
wks

6
wks

7
wks

8
wks

UKA (F)
UKA (A)
UKA (S)
TKA (F)
TKA (A)
TKA (S)

Ability score
0: Normal, can walk at least 2 h without walking aids
1: Slightly limited, can walk 1 h (maximum) without walking aids
2: Limited, can walk in and around the house without walking aids
3: Very limited, cannot walk without walking aids

UKA = unicompartmental knee arthroplasty; TKA = total knee arthroplasty; 2 days = two days after surgery, etc.;
1 wk = one week after surgery, etc.; (F) = fast recovering patients; (A) = average recovering patients; (S) = slow
recovering patients.

For each Delphi round, the mode and median values of each ability score and the mean consensus
per activity were calculated. Consensus was reached when at least two thirds (66.7%) of the experts
agreed with the ability score on all time points for activities with three or four categories. For activities
with two categories, consensus was reached when at least 75% of the experts agreed with the ability
score on all time points.

After all experts completed the first questionnaire, the research team revised the questionnaire.
The mode and median values from the first round were graphically presented to the expert group
in the second questionnaire. For time points with consensus, the consented ability score was depicted
in the questionnaire; experts only had to rate the ability score for the time points without consensus
during the second Delphi round. This procedure was repeated for the third Delphi round. When experts
decided that activities could not be fully resumed after the last time point (i.e., a ceiling effect), extra time
points (additional postsurgical weeks or months) were added during this third round. Moreover,
in the third questionnaire and for time points at which no consensus was yet reached, the mode
was depicted on the questionnaire if the consensus was above 50% to help the experts choose their
ability score.

The last and fourth Delphi round was a consensus meeting in which nine of the fourteen
experts met face-to-face: three occupational physicians, two physical therapists, two orthopaedic
surgeons and one physician assistant. The five other experts were unable to attend the meeting.
During this meeting, experts were able to discuss the activities and time points at which no consensus
was yet reached. At the beginning of the meeting, the results of the previous Delphi questionnaires
were presented to the experts. During the group discussion, the nominal group technique was used to
ensure equal participation of all experts [24]. The nominal group technique is a structured method for
a group discussion where you encourage contribution from everyone. Experts were asked to complete
the final Delphi questionnaire, taking into consideration the insights and arguments conveyed.

After the consensus meeting, the results of the final Delphi questionnaire were sent to
the expert panel, and experts were asked to give their approval for the final set of multidisciplinary
recommendations for the gradual resumption of activities after knee arthroplasty.
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3. Results

3.1. Relevant Activities

None of the experts reported missing or irrelevant activities in the questionnaire. The experts
asked to change the specifications for the ability scores for the activities “kneeling” and “crouching”,
as they argued that the most demanding score of 0, i.e., normal (kneeling for 60 or more minutes
and crouching for 60 or more minutes), would be too demanding after surgery. The expert panel
discussed the activities “jogging” and “knee demanding sports activities” during the consensus
meeting and eventually agreed that running a short distance (e.g., to catch a train) can be recommended.
However, jogging five kilometers or more and knee demanding sports activities such as basketball or
soccer are not to be recommended to resume at all after knee arthroplasty.

3.2. Consensus

Appendix A shows the percentage of consensus reached for each activity, across time points,
per Delphi round for TKA patients with an average recovery rate (other categories not reported). It can
be seen that the mean consensus was reached in many activities in round one. However, all activities
contained individual time points at which no consensus was yet reached.

In round one, experts did not reach overall consensus on any activity. In round two, experts reached
consensus on three activities. In round three, experts reached consensus on another two activities.
In round four, the experts reached consensus on the other 22 activities. To illustrate, Figure 3 represents
the mean percentage of consensus for six activities: (A) daily life, showing walking and household
activities; (B) sports, showing cycling and jogging short distances; and (C) work, showing working
for 4 and 8 h per day. The duration until consensus was reached was comparable for activities of
daily life, work and sports, after both UKA and TKA. Extra time points were added in round three
because the experts judged that several activities could not be fully resumed at the last presented time
point. As a consequence, the mean consensus in round two and three were comparable. For household
activities (UKA and TKA), cycling (UKA), working for 4 h (UKA) and working for 8 h (UKA), consensus
was reached after the third Delphi round. In the fourth Delphi round (i.e., consensus meeting) consensus
was reached for all the remaining activities.

3.3. Recovery Recommendations

For TKA patients with an average recovery, examples of activities that could be resumed
within two months after surgery are prolonged sitting (after 3 days), taking a shower (after 3 days)
and prolonged standing (after 3 weeks). Examples of activities that could be resumed after two months
or more are knee-demanding activities, such as climbing and/or clambering (after 11 weeks), kneeling
(after 4 months) and crouching (after 4 months).

There was a difference in recovery recommendations between UKA and TKA for several activities.
For patients that recover fast, experts agreed that UKA patients could resume 4 out of the 27 activities,
such as crouching, sooner than TKA patients. For patients that recover on average, this was the case
for 12 out of the 27 activities, such as pushing and pulling. For the patients that recover slow, UKA
patients could resume 8 out of the 27 activities earlier, such as cycling. Additionally, for all three
groups of patients, experts agreed that UKA patients could return to work sooner, as compared to TKA
patients with an average recovery, namely, after 5 versus 6 weeks for light knee-demanding work, after
11 weeks versus 16 weeks for moderate knee-demanding work, and after 6 versus 12 months for heavy
knee-demanding work.

As an illustration, Table 2 represents the recovery recommendations for the activity “cycling” for
all six groups, i.e., three recovery rates for UKA and TKA patients.
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Figure 3. Mean percentage of consensus per Delphi round for patients with an average recovery rate for three categories of activities: daily life (A), sports (B)
and work (C). The error bars represent the standard deviation.
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Table 2. Recovery recommendations for “cycling” for all six groups, i.e., three recovery rates for UKA and TKA.

1–3 wks 4 wks 5 wks 6 wks 7 wks 8 wks 9 wks 10 wks 11 wks 12 wks 14 wks 16 wks 20 wks
UKA (F)
UKA (A) Not allowed
UKA (S) 2–3 km
TKA (F) 3–10 km
TKA (A) 30–40 km (N)
TKA (S)

Note: wk(s) = weeks; (N) = patients can perform and resume the activity normally, i.e., without limitations; (F) = fast recovering patients; (A) = average recovering patients; (S) = slow
recovering patient.
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4. Discussion

4.1. Main Findings

After three questionnaire rounds and one consensus meeting, consensus was reached on detailed
recovery recommendations regarding the resumption of 27 activities of daily life following UKA
and TKA. For TKA patients with an average recovery rate, examples of activities that can be resumed
relatively fast after surgery are sitting (after 3 days) and standing (after 3 weeks). Examples of activities
that can be resumed relatively late after surgery are crouching (9 weeks) and kneeling (10 weeks).

4.2. Comparison with Other Studies

To our knowledge, no uniform and multidisciplinary recommendations on the resumption of
daily life activities after knee arthroplasty surgery exist. Particularly given the rapid increase in knee
arthroplasty, it is remarkable that these recommendations are still lacking. In a study performed by our
own research group, in which we reviewed recovery recommendations in usual care for the resumption
of daily activities and work after knee arthroplasty in 39 Dutch hospitals, we demonstrated that these
recommendations are often lacking and vary considerably between hospitals [31]. Internationally,
several studies investigated guidelines and (exercise) recommendations for postacute, postoperative
physical therapy after UKA or TKA, but none of these studies provided (evidence on the) recovery
recommendations for activities of daily life [32–35]. These findings are in line with the studies
from Nouri et al. [14] and Mahdi et al. [13], who both showed that patients expressed the need for
mutual guidelines and advice regarding return to daily activities. Given the finding that preoperative
expectations are one of the main determinants to influence postoperative patient satisfaction, realistic
and multidisciplinary recovery recommendations regarding resumption of daily life activities could
improve patient satisfaction after surgery [19,23,36,37].

Several Delphi studies were conducted in the field of knee arthroplasty rehabilitation. Westby,
Brittain and Backman (2014) used the Delphi method to obtain best practice recommendations for
TKA rehabilitation [38]. The authors concluded, amongst other things, that supervised rehabilitation
interventions and short-term follow-up care in the first two years after surgery is recommended for
improving the quality of the rehabilitation [38]. A second Delphi study by Plenge et al. examined factors
that could optimize perioperative care for knee arthroplasty patients and patient outcomes after knee
arthroplasty [39]. This Delphi study concluded that poor general health and impaired cardiovascular
functional status are one of the most important determinants for poor patient outcomes after
surgery, including postoperative pain and immobilisation. Additionally, multidisciplinary planning
was considered as one of the most important determinants to improve patient reported outcomes
following primary knee arthroplasty. Lastly, quality indicators for knee arthroplasty rehabilitation
were examined by Westby, Marshall and Jones (2018) [40]. This study reached consensus on 36 quality
indicators for total knee arthroplasty. The experts agreed that multidisciplinary preoperative education
should be performed, addressing at least the surgical procedure, risks and benefits, patient expectations
regarding the (outcome of the) surgery, pain management strategies, home preparation, assistive
devices and postoperative care and rehabilitation. These three Delphi studies all provided necessary
elements for enhancing perioperative care of knee arthroplasty patients and helped improve the quality
of postoperative knee arthroplasty rehabilitation. However, when compared to the current Delphi
study, none of the previous studies focused on recommendations for the resumption of daily activities
after knee arthroplasty. Our Delphi study addresses this gap in the literature and provides information
for the development of best-practice recommendations and guidelines based on consensus of relevant
experts. The developed recommendations are also important for discussing preoperative patient
expectations and could therefore, for example, be combined with the preoperative education program
as described by Westby, Marshall and Jones (2018) [40].

The three Delphi studies mentioned in the previous paragraph reached consensus in three or four
Delphi rounds [38–40]. In line with these studies and an earlier Delphi study from our research group
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for the development of recovery recommendations after abdominal surgery, we reached consensus after
four Delphi rounds [26]. Considering the variation in recovery advice between hospitals and healthcare
professionals [31], we consider this relatively fast. A difference between the two Delphi studies from
our research group, however, was the timing of the group discussion, which our colleagues did
after the first Delphi round [26]. Having a group discussion at the beginning of the study provides
the opportunity to address important or possible unclear aspects of the questionnaire and discuss
insights and reasons for specific ability scores. However, we only had the opportunity to do the group
discussion at the end. A group discussion in an earlier phase of the study might have been more
efficient to discuss activities with large variations in ability scores. Nonetheless, as we already reached
consensus for some activities during the first three questionnaire rounds, this group discussion at
the end gave us the opportunity to take sufficient time to discuss the activities and time points on
which experts did not yet agree to reach consensus on all remaining activities.

4.3. Strengths and Limitations

A major strength of this study is the Delphi design, incorporating experts involved in different
domains of knee arthroplasty rehabilitation. The heterogeneity of the research team and expert
panel provided us with insights from different perspectives from the most relevant disciplines,
such as orthopaedics, physical therapy and occupational medicine. Only one expert dropped out
during the questionnaire rounds and fourteen experts completed the entire study. Experts were
asked to complete the questionnaires anonymously, which avoided domination by one or more
experts. Dominance and the influence of other experts was also prevented by the use of the nominal
group technique during the consensus meeting. This consensus meeting gave us the opportunity to
collectively reflect on the activities and developed recommendations, and, if needed, to add or change
categories. However, a single face-to-face consensus meeting for discussing and conveying arguments
when not all experts were present can be considered as a limitation. We did, however, ensure that at
least two experts from all professions and disciplines were present at that meeting, and provided all
absent experts with an extensive summary and possibility to react and reflect on the decisions made
after full consensus for all 27 activities.

In the current Delphi study, our expert panel agreed on return to daily activities for patients
with three recovery rates (i.e., fast, average and slow recovery). Experts were asked to self-determine
what they considered to be fast, average and slow. To our knowledge, this is the first Delphi study to
distinguish between patient groups for the same surgical procedure, making it possible to provide
comprehensive personalized and adaptive advice. These recommendations will be used as algorithms
that will be implemented in an m/eHealth program for knee arthroplasty patients.

The 27 activities of the Delphi questionnaire were selected by the research team using the flyers
and brochures from Dutch hospitals, and FAL, PROMIS-PF and WORQ as guidance. To date, there is no
single questionnaire or instrument that determines relevant activities for postoperative rehabilitation,
and it can be questioned whether we missed relevant activities. We based our selection on activities that
are knee-demanding, and decided to exclude activities such as “concentrating”, “reading” and “moving
your head”. All fourteen experts agreed with the selected activities and did not report missing activities
or judged one or more of these 27 activities as less relevant.

No patients participated in our expert panel. Patients can be considered the real experts regarding
the resumption of activities after surgery. Yet, a study by Bouwsma et al. showed that patients sometimes
underestimate their ability to resume activities, including work after surgery [41]. Additionally, experts
treat several patients per week or per month, whereas patients only experience their own recovery.
Therefore, we chose not to include patients in our expert panel. However, it must also be said that
experts only see patients for few moments during the rehabilitation, and future research is needed to
evaluate if the developed recovery recommendations are realistic in daily life.

Finally, our algorithm takes different recovery rates into account, but does not differentiate between
other relevant factors that could influence the recovery, such as personal, clinical and occupational
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factors [41,42]. For more advanced personalized advice, these factors should be incorporated in future
recovery recommendations for daily life activities. However, the prospective collection of detailed
recovery data of actual patients would be required first. Additionally, generalizing the developed
recommendations should be done with caution, as recovery trajectories and rehabilitation programs
after knee arthroplasty may differ between countries and populations.

4.4. Algorithm Development for Future Studies

Using the set of multidisciplinary recovery recommendations from our Delphi study,
we are currently developing a personalized m/eHealth program for knee arthroplasty patients.
Using this m/eHealth program, we will collect detailed recovery data of knee arthroplasty patients to
evaluate the validity of our developed recovery recommendations.

Our research group has previously shown that personalized m/eHealth programs are effective for
return to daily life activities, including work, after gynecological and abdominal surgery [19,23,36].
In our m/eHealth portal for knee arthroplasty patients, we will transform the recovery recommendations
into two algorithms, one each for UKA and TKA.

In the algorithm, patients will be categorized into one of the three recovery trajectories (i.e., fast,
average or slow), based on their own preoperative recovery expectations regarding return to work.
Patients will only receive advice about activities they select to be important in their daily life.
Additionally, we will expand the algorithm with more complex activities. We will combine several
recovery recommendations for single activities, such as walking, standing or carrying, that are needed
for complex activities such as grocery shopping. In our m/eHealth portal, patients can choose the degree
of these single activities (i.e., carrying 5 kg or carrying 15 kg) for their complex activities. Patients will be
asked weekly which of their selected activities they have resumed after surgery. This information will
be used to adapt the patient’s advice if needed (i.e., shifting to a faster or slower recovery rate group).
This innovative algorithm will allow the m/eHealth portal to provide personalized and adaptive
recovery recommendations.

The (cost) effectiveness of our m/eHealth portal on the postoperative recovery and duration of
return to daily life activities after knee arthroplasty will be evaluated in a randomized controlled trial
in ten Dutch hospitals and clinics. This trial is registered in the Netherlands Trial Register, number
NL8525. The results from this study will provide healthcare providers and policy makers with guidance
to improve knee arthroplasty patients’ care and possible future implementation of m/eHealth in Dutch
orthopaedic hospitals and clinics. Multidisciplinary recovery recommendations for return to daily life
activities, including work and sports, could bridge the gap between recovery expectations and actual
recovery time. With a faster return to daily life activities after knee arthroplasty, patients are likely
to experience an improvement in their quality of life [43]. Additionally, this will potentially benefit
employers and society as a whole by increasing societal participation, therefore reducing costs due to
productivity loss and sick leave.

5. Conclusions

A multidisciplinary expert panel of six orthopaedic surgeons, three physical therapists,
five occupational physicians and one physician assistant achieved full consensus on recovery
recommendations regarding the gradual resumption of 27 daily activities after unicompartmental
and total knee arthroplasty. The final set of recovery recommendations will be transformed into two
algorithms that will be integrated into a personalized m/eHealth program, providing knee arthroplasty
patients with patient-tailored recovery advice.
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Appendix A

Table A1. Percentage of Consensus Reached Per Delphi Round for Total Knee Arthroplasty (Average).

Item Number of Gradations Round 1 (%) Round 2 (%) Round 3 (%) Round 4 (%)

Prolonged sitting 3 62 82 96 100
Prolonged standing 3 68 92 100 -
Walking on even ground
with crutches
without crutches

4 69
62

96
88

100
93 *

-
100

Walking on uneven ground 4 88 97 89 * 100
Walking stairs
with crutches
without crutches

4 49
60

70
82

92 *
88 *

100
100

Taking a shower 2 84 97 - -
Taking a bath 2 86 99 - -
Bending 4 64 90 100 * -
Pushing or pulling 3 66 89 99 * -
Lifting or carrying 3 70 94 100 * -
Reaching 3 71 94 98 -
Driving a car 2 87 98 98 -
Getting on/off a bike 4 61 88 99 * -
Riding a bicycle outside 4 68 93 96 * 100
Gardening 3 75 98 100 * -
Household chores 3 76 94 100 -
Sexual intercourse 2 84 99 - -
Crouching 4 63 87 100 * -
Kneeling 4 63 79 92 * 100
Climbing and/or clambering 4 64 85 95 100
Jogging 4 74 89 91 * 100
Sports 4 71 95 93 * 100
Using public transportation 2 93 99 100 -
Working 4 h per day 4 70 93 97 * 100
Working 8 h per day 4 70 93 94 * 100

Italic = mean consensus reached, however, contains individual time point with consensus <66.7% for categorical or
<75% for dichotomous item; bold = consensus reached; dash = consensus reached in previous round, activity not
questioned again; * = extra time points were added for this questionnaire round.
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