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Abstract

Objectives: Regular physical activity (PA) is considered important after total hip and knee arthroplasty (THA/TKA).
Objective was to systematically assess literature on recommendations given by healthcare professionals to persons
after THA and TKA and to provide an overview of existing interventions to stimulate PA and sports participation.

Methods: A systematic review with a narrative synthesis including articles published between January 1995 and January
2021 reporting on recommendations and interventions. The PubMed, Embase, CINAHL and PsycInfo databases were
systematically searched for original articles reporting on physical activity and sports recommendations given by healthcare
professionals to persons after THA and TKA, and articles reporting on interventions/programs to stimulate a physically active
lifestyle after rehabilitation or explicitly defined as part of the rehabilitation. Methodological quality was assessed with the
Mixed Methods Appraisal Tool (MMAT). The review was registered in Prospero (PROSPERO.CRD42020178556).

Results: Twenty-one articles reported on recommendations. Low-impact activities were allowed. Contact sports, most ball
sports, and martial arts were not recommended. One study informed on whether health-enhancing PA
recommendations were used to stimulate persons to become physically active. No studies included
recommendations on sedentary behavior. Eleven studies reported on interventions. Interventions used
guidance from a coach/physiotherapist; feedback on PA behavior from technology; and face-to-face, education,
goal-setting, financial incentives and coaching/financial incentives combined, of which feedback and education
seem to be most effective. For methodological quality, 18 out of 21 (86%) articles about recommendations and
7 out of 11 (64%) articles about interventions scored yes on more than half of the MMAT questions (0-5 score).

Conclusion: There is general agreement on what kind of sports activities can be recommended by healthcare
professionals like orthopedic surgeons and physiotherapists. No attention is given to amount of PA. The same
is true for limiting sedentary behavior. The number of interventions is limited and diverse, so no conclusions
can be drawn. Interventions including provision of feedback about PA, seem to be effective and feasible.

Keywords: Total hip arthroplasty, Total knee arthroplasty, Physical activity, Sports, Sedentary behavior, Physical
activity recommendations

* Correspondence: m.stevens@umcg.nl
Department of Orthopedics, University of Groningen, University Medical
Center Groningen, P.O. BOX 30.001, 9700 RB Groningen, The Netherlands

© The Author(s). 2022 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.



Mooiweer et al. European Review of Aging and Physical Activity

Background

Total hip arthroplasty (THA) and total knee arthroplasty
(TKA) are clinically and cost-effective pain-relieving
treatments for end stage osteoarthritis, and improve the
ability to stay physically active [1]. In THA and TKA the
original hip or knee joint is replaced by an artificial one.
After either procedure it is of the utmost importance
that persons maintain or adopt a physically active lifestyle)
[2, 3]. Physical activity (PA) can be defined as any bodily
movement produced by skeletal muscles that requires en-
ergy expenditure [4]. Regular PA is considered to be one
of the most important lifestyle behaviors affecting health.
It is proven to help prevent and treat noncommunicable
diseases (NCDs) such as heart disease, stroke, diabetes,
and breast and colon cancer. It also helps prevent hyper-
tension, overweight and obesity, and can improve mental
health, quality of life and well-being [5]. Being physically
active on a regular basis also enhances fitness. Fitness is
positively associated with functional autonomy in older
adults [6]. Additionally, after THA and TKA individuals
can benefit from being physically active as there are indi-
cations that this results in lower fall risk, increased bone
density, improved prosthetic fixation and reduced risk of
prosthetic loosening [2].

There are also negative consequences, one of the most
important being prosthetic wear. The degree of pros-
thetic wear is not solely related to PA though. Both pa-
tient- and prosthesis-related factors contribute to the
longevity of a prosthesis [7]. Moreover, the degree of
wear depends not only on the amount of PA but also on
the mechanical loading of the joint, which in turn de-
pends on body weight, type of PA and technique (experi-
enced or newbie athlete), where high-impact activity and
poor motor control matter [8].

PA recommendations for persons after THA and TKA
thus have to focus on amount and intensity of PA as
well as on type of activity, including whether someone
has experience with that activity. With respect to
amount and intensity, the guidelines of the WHO pub-
lished in 2020 can be used [9]. The most recent WHO
guidelines recommend that every healthy adult (aged
18 to 65) do at least 150—300 min of moderate-intensity
or at least 75-150 min of vigorous-intensity aerobic
physical activity or an equivalent combination of mod-
erate and vigorous activity throughout the week for
substantial health benefits. Adults should also do
muscle-strengthening activities at moderate or greater
intensity that involve all major muscle groups on two
or more days a week. For adults older than 65 it is rec-
ommended to add multicomponent physical activity
that emphasizes functional balance and strength-
training at moderate or greater intensity three or more
days a week, to enhance functional capacity and to pre-
vent falls. Lastly, it is recommended to limit the
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amount of time spent being sedentary. Although these
recommendations are not specific for THA and TKA
patients, they are also considered applicable to this pa-
tient group [2, 10].

For type of physical activity or sport after THA and
TKA, a narrative review was published by Fawaz and
Masri that gives an overview of activities allowed by
healthcare professionals [11]. However, they did not sys-
tematically review the current literature so their over-
view might be missing information. The only overview
of interventions or programs to enhance post-
rehabilitation physical activity behavior of THA and
TKA patients is that of Ishaku et al., who included pa-
pers up to November 2016. They concluded that studies
showed a significant increase in time spent being physic-
ally active by participants in intervention groups com-
pared to those in control groups [12]. However, research
shows that a large group of patients remain inactive even
when pain and functional deficits are gone after arthro-
plasty [10, 13-16]. Targeted interventions seem neces-
sary to enhance physical activity behavior in this patient
group.

The objective of this systematic review is therefore
twofold: to systematically review the existing literature
on recommendations given by healthcare professionals
to patients after THA and TKA, and to provide an over-
view of existing interventions/programs described in the
literature to stimulate a physically active lifestyle after
THA and TKA.

Methods

Search strategy

A systematic review with a narrative synthesis was con-
ducted. The review was registered in Prospero (PROS-
PERO: CRD42020178556) beforehand. A librarian of the
Central Medical Library of UMCG was consulted for the
search strategy. It was decided to perform one broad
search strategy for both questions. The search strategy
conducted is shown in Additional file 1: Appendix 1.

Study selection

The PubMed, Embase, CINAHL and PsycInfo databases
were systematically searched for original articles report-
ing on PA and sports recommendations given by health-
care professionals to persons after THA and TKA, and
articles reporting on interventions/programs to stimulate
a physically active lifestyle after rehabilitation or expli-
citly defined as part of the rehabilitation. Included per-
sons had to be over 18 years of age. Articles written in a
language other than English, review articles, case reports
and study protocols were excluded. The search was con-
ducted on 26 March 2020, and articles were searched
from January 1995 onwards; an update of the search was
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done on 13 January 2021 following the guidelines of Bra-
mer et al. [17].

Studies identified by the search strategy were imported
to EndNote X9 (Clarivate Analytics Endnote X9.3.1,
Philadelphia) and duplicates were removed following the
guidelines proposed by Bramer et al. [18]. Articles were
first screened for eligibility based on title and abstract.
All articles extracted by the authors were screened for
full-text eligibility. The screening procedure was per-
formed by two authors (M.S. and 1.A.S.) independently,
and differences were solved by discussion. When needed,
a third assessor (Y.M.) was consulted. Reference lists of
included articles were screened for possible eligible arti-
cles that were missed in the initial search strategy.

The literature search yielded 7759 articles. After re-
moving duplicates, 5029 unique articles remained. Sub-
sequent reading of the titles and abstracts led to
exclusion of 4960 articles. Full-text was assessed in the
remaining 69. Of these, 18 articles reporting on recom-
mendations were included. The reference lists of the in-
cluded articles were manually checked and three
additional articles were identified, making a total of 21.
With respect to articles reporting on interventions, 11
were included after full-text screening. The entire pro-
cedure was performed by two authors (M.S. and LA.S.).
Once again, a third assessor (Y.M.) was consulted when
needed (for flowchart, see Fig. 1).

Data extraction and analysis

Data extraction was performed by two authors (M.S. and
L.A.S.). For both research questions a separate table was
created that included information about author and year,
country, study design, sample size and characteristics,
data collection period, type of sport/activity, measure-
ment method and outcomes. Table 1 (first research
question) includes the given recommendations and
Table 2 (second research question) displays the interven-
tion characteristics.

Quality assessment

Quality assessment was performed using the Mixed
Methods Appraisal Tool (MMAT) v. 2018 [51]. The
MMAT is a critical appraisal tool designed to be used in
reviews including qualitative, quantitative and mixed-
method articles. For each of the five different study de-
signs the MMAT comprises, it has five questions to de-
termine whether the risk of bias on a certain aspect is
low. If the risk of bias is low the question receives a
“yes”, otherwise a “no”, and when it is not clearly de-
scribed it receives a “can’t tell”. Since calculating a total
score has been discouraged, it was chosen to present the
ratings of the individual criteria [52]. The quality of the
articles was judged by two researchers independently
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(M.S. and LA.S.), and differences were solved by discus-
sion, when needed with help of a third assessor (Y.M.).

Results

Recommendations for PA

Description of studies

Twenty-one studies [19-39] published between 1995
and 2021 were analyzed. Table 1 shows an overview of
the study characteristics and results. The studies were
conducted in Western countries (Western Europe and
the United States), except for one study from Japan [36].
Most studies concerned the hip [19-30, 33, 35-37, 39],
with fewer studies on the knee [21-26, 29-38].

Quality assessment

The quality of articles varied. The assessment of each art-
icle can be found in Additional file 2: Appendix 2A. Of
the 21 articles included, none scored “yes” on all five ques-
tions of the MMAT, while 4 positive answers were given
in five articles [23, 24, 27, 28, 35], 3 in thirteen articles [19,
20, 25, 26, 29-34, 36, 38, 39], 2 in one article [22], 1 in
none of the articles, and none in two of the articles [21,
37]. There wasn’t a “no” score in ten articles [20, 23, 24,
27, 28, 30, 31, 34—36], while nine articles [19, 22, 26, 29,
32, 33, 37-39] received a “no” on one out of five ques-
tions. Further, one article [25] scored a “no” on two ques-
tions and 1 [21] on four questions. The remaining
questions of the MMAT were assessed as a “can’t tell”.

Outcome

In sixteen studies [19-34] the focus was on general
sports activities; in the majority of these studies self-
constructed (web-based) questionnaires were used, dis-
tributed among orthopedic surgeons. One study [34] in-
cluded physiotherapists. One study [27] focused on the
influence of high-impact sports operationalized as a Uni-
versity of California, Los Angeles (UCLA) activity score
of 9-10 versus low-intensity activities (UCLA score 1-4)
on function, dislocation rate, linear wear and prosthetic
survival. One study [26] informed on how far healthcare
professionals use health-enhancing PA recommenda-
tions to stimulate persons after THA and TKA to be-
come physically active again. No study included
recommendations on sedentary behavior.

Five studies [35—39] focused on specific sports, two of
which - including persons after THA - concerned alpine
skiing and/or cross-country skiing [35, 37]. Focus was
on the detrimental effect of skiing on loosening, migra-
tion and wear of the prosthesis. Two studies — one in
persons after THA and one in persons after TKA - fo-
cused on tennis [38, 39]. Purpose was to characterize
persons who play tennis after arthroplasty in terms of
their functional abilities and degree of satisfaction. One
study from Japan focused on playing golf [36] after
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THA. In a laboratory setting it was determined to what
degree the golf swing had a detrimental effect on liner-
to-neck contact and cup-head translation.

Overall, there is a general consensus on what kind of
sports activities can or cannot be recommended.

Interventions

Description of studies

In total 11 articles [40-50] were included describing an
intervention or program that aims to enhance PA behav-
ior during or after post-THA or post-TKA rehabilitation.
Three studies [40, 41, 47] had post-THA participants,
seven studies [42—46, 48, 49] post-TKA participants, and

one study [50] aimed at both populations. All studies
were RCTs, apart from one case series (N =2 persons)
[47]. The sample size of the RCTs ranged from 13 to
163 persons. The 11 articles studied 13 different inter-
ventions. Table 2 shows an overview of the study
characteristics.

Quality assessment

The quality of articles varied. The assessment of each art-
icle can be found in Additional file 3: Appendix 2B. Of the
11 articles [40-50] included, two [41, 47] scored “yes” on
all five questions of the MMAT, while 4 positive answers
were given in two articles [46, 50], 3 in three articles [42,
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45, 49], 2 in three articles [43, 44, 48], and 1 in one article
[40]. There weren’t any “no” scores in three of the articles
[41, 42, 47], while six articles [43, 45, 46, 48—50] received
a “no” on one out of five questions. Two articles [40, 44]
scored a ‘no’ on two questions. The remaining questions
of the MMAT received a “can’t tell”.

Outcome

The 13 interventions to enhance PA were diverse: inter-
ventions using guidance from a coach/physiotherapist
(N=4) [40-43], interventions using technology-based
feedback on PA behavior (N =3) [48-50], face-to-face
interventions (N = 1) [45], interventions including educa-
tion on PA (N=2) [46, 47], an intervention using goal-
setting (N'=1) [43], an intervention using financial in-
centives (N =1) [44], and an intervention using a com-
bination of coaching and financial incentives (N=1)
[44]. To determine the effect of the intervention most
studies (N = 6) used accelerometers to assess PA behav-
ior [43-46, 49, 50]. The UCLA activity scale was used in
two studies [40, 41], the International Physical Activity
Questionnaire (IPAQ) in one [47]. Two studies did not
use a measure of PA behavior [42, 48]. Moment of final
follow-up assessment ranged from end of intervention to
five years after intervention. Next to effectiveness the
feasibility of five interventions was assessed [45-48, 50],
which was considered good in all cases.

Combining the results from those studies using guid-
ance (N =4) [40-43], feedback (N =4) [45, 48-50] and
education (N = 2) [46, 47], feedback and education seem
to be effective in enhancing PA behavior while guidance
does not seem to enhance it.

Discussion

The aim of this review was twofold: to provide an over-
view of PA and sports recommendations given by
healthcare professionals and of existing interventions/
programs to stimulate a physically active lifestyle after
THA and TKA. For the first objective, 21 articles were
found and in general it can be concluded that after both
THA and TKA return to low-impact activities is allowed
or recommended. Overall, contact sports, most ball
sports (except for doubles tennis and table tennis), and
sports in the martial arts category were not recom-
mended. Interventions to enhance PA behavior were
found in 11 articles, describing 13 interventions. Most
interventions used guidance from a coach/therapist, with
feedback about PA behavior or education as a means to
enhance PA behavior, of which feedback and education
seem to be the most effective.

Regarding the recommendations, the focus in the ma-
jority of the studies was on general sports activities. The
number of general sports activities varied between 15
and 47, probably depending on what are considered
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general sports activities in the different countries. Most
of the time self-constructed (web-based) questionnaires
were used which were distributed among orthopedic
surgeons and in one study among physiotherapists. Con-
sensus statements were drawn based on the responses.
Respondents were often members of national/inter-
national orthopedic associations or orthopedic staff at
hospitals. In that sense, the outcomes and recommenda-
tions derived must be seen in the light of the PA and
sports culture of the different countries, although overall
it can be concluded that the line of the recommenda-
tions is more or less the same.

Contact sports and high-impact sports were discour-
aged: contact sports probably because of the high twist-
ing forces as well as the large lateral and rearward forces
on the joints that these activities entail [53], and high-
impact sports are expected to increase wear rate and
therefore negatively affect implant survivorship [27]. The
UCLA score was often used to give an indication of the
impact or intensity of sports activities, yet its suitability
as a measure to determine intensity can be questioned:
in our opinion it only gives a very rough indication.
More research is needed, also with objective measure-
ment methods, to gain more insight into the association
between intensity of activity and implant survivorship.

The results of the studies (# = 5) that focused on recom-
mendations for one specific sport were in line with the
recommendations as described above, but highlighted the
fact that preoperative experience with a specific sport mat-
ters. Two studies on persons after THA concerned alpine
and cross-country skiing, and one golf and tennis. One
study on persons after TKA concerned tennis. Especially
when it comes to skiing it must be taken into account that
cultural aspects too play a role, as residents of mountain
regions will probably be more experienced. Tennis studies
included competitive/high level players only, so results
may not be representative of recreational tennis players.

With respect to applying the PA recommendations it
can be concluded that only one study [26] informed the
degree to which healthcare professionals use these rec-
ommendations to stimulate persons after THA and TKA
to become physically active again. Although the WHO
recommendations apply to the general population [9],
these can also be used for persons after THA and TKA,
while taking into account the pros and cons of different
activities in relation to survival of the prosthesis. Not fol-
lowing the recommendations in usual care could be as-
cribed to lack of priority and knowledge. In a British
study it was concluded that doctors do not pay much at-
tention to discussing the role of PA with their patients.
Contrary to tobacco use and alcohol consumption, doc-
tors tend to under-prioritize physical inactivity [54].
Nonetheless, advising patients to meet PA recommenda-
tions is of the utmost importance, as regular PA has
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been indicated to improve overall health and fitness [5,
6]. While sedentary behavior is increasingly recognized
as having a negative impact on health, and is added to
the WHO 2020 recommendations, no studies included
recommendations on limiting sedentary behavior [9].

Regarding the interventions to enhance PA behavior,
the 11 studies found can be considered low. The inter-
ventions were all different in terms of content, which
hampered conclusions about their effectiveness. This is
in line with the results of the systematic review of
Hawke et al., although they used stricter inclusion cri-
teria [55]. On the other hand, in their review Ishaku
et al. concluded that studies show a significant increase
in time spent being physically active, although their
number of included studies was also low [12]. Besides,
not all studies in our review used PA behavior as out-
come measure, they used Patient Reported Outcome
Measures (PROMs) (pain, function, quality of life (QoL))
and outcome of physical functioning tests instead. In an
attempt to combine our results, it seems that adding a
feedback component has a positive effect on PA behav-
ior. Most studies used feedback from a device reporting
daily step count. This enables individuals to monitor
their activity easily; feasibility was proven to be good. Su-
pervised PA however does not seem to achieve better re-
sults for PA behavior. Education about a physically
active lifestyle seems to enhance PA behavior, yet this
conclusion is based on only two studies, one of which
was a case study about only two persons. And it is not
only short-term effects and feasibility of interventions
which should be investigated: the long-term effect on
PA is what really counts — an actual change in PA be-
havior. Of the included studies, the follow-up was mostly
limited to a few months or even only post-intervention;
only one study looked at the effect of an intervention 5
years later [41]. Overall, the only conclusion that can be
drawn from this review is that more research is needed
into the effectiveness of interventions aiming to enhance
PA behavior in persons after THA and TKA, which is in
line with the studies of Hawke et al. and Ishaku et al.
[12, 55]. The lack of interventions seems to reflect the
lack of attention to the long-term benefits of THA and
TKA, i.e. the ability to adopt a physically active lifestyle
without pain and functional limitations due to
osteoarthritis.

End conclusion

Based on the outcomes of this review it can be con-
cluded that there is a general consensus on what kinds
of sports activities can or cannot be allowed or recom-
mended, which is primarily based on consensus studies.
With respect to the number of publications on interven-
tions aiming to enhance PA behavior after THA and
TKA, it must be concluded that unsatisfactory attention
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is given to this topic. The number of interventions aim-
ing to enhance PA behavior is very limited and reported
interventions are diverse in terms of content, so no con-
clusions can be drawn. Interventions including the
provision of feedback about PA seem to be effective and
feasible, and it is recommended to further explore their
working mechanism. The methodological quality of the
included studies differed considerably. More high-quality
studies are needed to support the current evidence, with
special attention for long-term effects of interventions
on change of PA behavior.

Implications for practice

Orthopedic surgeons, physiotherapists and other health-
care professionals involved in the care of persons after
arthroplasty can use the general consensus to advise per-
sons on the kind of sports activities that are allowed or
can be recommended. With respect to amount and in-
tensity of physical activity, healthcare professionals
should be encouraged to stimulate persons to comply
with the WHO recommendations [9]. They should like-
wise give more attention to limiting sedentary behavior.
Interventions using PA feedback are advised for this pur-
pose. The recommendations issued by the WHO can be
used for persons after THA and TKA, taking into ac-
count the pros and cons of different activities in relation
to survival of the prosthesis.
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