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Abstract
Introduction  Total hip arthroplasty (THA) surgeries are expected to exponentially increase in the upcoming years, likely 
because of the overall broader indication of THAs. With these developments, an increasing number of younger (< 50 years) 
and active patients will receive surgical interventions, and expectations for an active lifestyle will accordingly increase. In 
addition, surgeons now have a growing array of techniques and implant materials to choose from. Despite these develop-
ments, evidence to provide the best standard-of-care to patients with high expectations for return to sports (RTS) is scarce 
and urgently needed. What recommendations do arthroplasty surgeons currently make to patients with high return to sports 
expectations, what factors may influence their recommendations and what surgical techniques and implant specifications 
are considered favorable in the treatment of patients with a more active lifestyle? This study was conducted to analyze the 
current recommendations, patient assessment, and patient counseling after THA to identify trends and relevant factors for 
surgical decision-making in patients with high-RTS expectations.
Material and methods  We designed a questionnaire comprising five general items and 19 specific items that included 46 
sub-items for hip arthroplasty and conducted a survey among 300 German surgeons specialized in arthroplasty at the German 
Arthroplasty Society (AE) to assess expert opinions, recommendations, surgical decision-making, and patient counseling 
for patients with high expectations for RTS after THA.
Results  The majority of surgeons (81.9%) were in favor of RTS after THA. Risks associated with sports after THA were con-
sidered minimal (1%), with periprosthetic fractures ranking highest, followed by hip dislocation and polyethylene wear. Some 
surgical decision-making was influenced by high-RTS expectations in regard to implant fixation, stem type, femoral head 
diameter, and bearing-surface tribology. We observed an increasingly liberal counseling of patients for high-impact sports.
Conclusion  With the improvement of implants and surgical techniques, surgeons are more willing to encourage patients to 
adopt a more active lifestyle. However, the true long-term limitations need further investigation in future studies.
Level of evidence  5 Expert opinions.
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CoC	� Ceramic on ceramic
HXLPE	� Highly cross-linked polyethylene
MoM	� Metal on metal
MoHXLPE	� Metal on highly cross-linked polyethylene
OA	� Osteoarthritis
PoC	� Polyethylene on ceramic
RPA	� Return to physical activity
RTS	� Return to sports
THA	� Total hip arthroplasty
TKA	� Total knee arthroplasty

Introduction

Hip arthroplasties are on the rise. Current projections 
suggest an expected increase of up to 284% for total hip 
arthroplasty (THA) within the next 20 years [22, 29, 38, 
58]. Improved surgical techniques and higher quality 
of implants have resulted in more cost-effective medi-
cal interventions and broader medical indication for hip 
replacement candidates. Furthermore, improved quality 
of life in the elderly as well as rising numbers of younger 
patients (age < 50 years) receiving THA have introduced 
heightened expectations with respect to physical activity 
and participation in sports [15, 46, 52, 53]. While surgeons 
and physicians are typically expected to provide recom-
mendations and counseling to patients regarding an active 
lifestyle [9, 63], data on complications associated with 
physical activity provide little evidence regarding long-
term outcomes [43]. In addition, surgeons have a grow-
ing array of different implants and surgical techniques 
to weigh and choose from, and it is unknown whether 
patients with high return to sports (RTS) expectations 
should receive specific hip arthroplasty treatment in antici-
pation of higher load- and weight-bearing of the implants. 
Furthermore, patient surveys suggest that patients’ reluc-
tance to RTS is mostly due to anxiety rather than pain [2]. 
Recommendations and guidelines in surgical decision-
making and patient counseling to provide the current best 
standard-of-care to patients are therefore urgently needed. 
With approximately 450,000 primary THAs performed in 
Germany in 2018 [21] and 309 THAs per 100,000 popula-
tion, Germany is one of the leading countries in hip arthro-
plasty, and ranked ahead of Switzerland and Austria in 
2019 [1]. We asked what recommendations arthroplasty 
surgeons make to patients with high return to sports expec-
tations, what factors may influence their recommendations 
and what surgical techniques and implant specifications 
are considered favorable in the treatment of patients with 
a more active lifestyle. The objective of this study was to 
capture and evaluate the current recommendations, patient 
assessment, and patient counseling among surgeons in 
Germany, who specialized in arthroplasty of the hip and 

knee. Furthermore, we aimed to identify current recom-
mendations and relevant factors for surgical decision-mak-
ing in patients with high-RTS expectations and compared 
those with evidence in current literature.

Materials and methods

We performed a survey among surgeons specialized in hip 
and knee arthroplasty who were members of the German 
Arthroplasty Society (AE, Arbeitsgemeinschaft für Endo-
prothetik)—Germany’s largest and leading society of hip 
and knee arthroplasty surgeons, and who attended the annual 
AE Meeting in December 2019. Membership approval in 
the AE society requires a completed residency in orthope-
dic and trauma surgery with sub-specialization in arthro-
plasty and an endorsement by an AE member. AE members 
must perform at least 50 arthroplasty surgeries per annum 
to maintain status. We designed an extensive questionnaire 
that consisted of five general items and 19 specific items 
that included 46 sub-items for hip arthroplasty. The ques-
tionnaire items were conceptualized in cooperation with the 
presidium of the German Hip and Knee Arthroplasty Society 
(AE) in multiple iterations to ensure relevance of the ques-
tions in the field. The questionnaire was designed to assess 
pre-operative patient factors that may influence implant lon-
gevity and surgical decision-making, such as surgical plan-
ning, surgical approach, implant positioning, and fixation 
in patients with high-RTS expectations. Furthermore, the 
questionnaire assessed expert recommendations and patient 
counseling for RTS after hip arthroplasty. The original ques-
tionnaire, as well as an English translation, are provided in 
the supplemental section. In all, 300 questionnaires were dis-
tributed among hip and knee arthroplasty experts. Of these, 
99 questionnaires were returned over a period of 2 months, 
equaling an effective response rate of 33%. In the current lit-
erature, there is no uniform consensus with respect to which 
type of sports are considered low and high impact. For the 
purpose of our questionnaire, we characterized low-impact 
sports as those involving smooth and gentle movements. In 
contrast, high-impact sports were characterized by rapid 
and abrupt movements with heightened risk of injury, espe-
cially without training. The returned questionnaires were 
analyzed using R Version 3.6.3 by The R Foundation for 
Statistical Computing and figures were produced using the 
package ggplot2 [62]. Each returned questionnaire received 
a unique identification number (ID) and answers were coded 
into an R data frame (see supplementary material). Missing 
values were coded as ‘NA’. For multiple choice questions, 
the absolute counts were given. This study did not require 
ethical approval, as no human subjects were involved, and 
participation in the survey was voluntary.
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Results

Our primary research question was to identify current rec-
ommendations made by arthroplasty surgeons to patients 
with high-RTS expectations. The secondary research goal 
was to determine factors that may influence RTS capacity 
and whether surgeons prefer certain surgical techniques 
and THA implant specifications to treat patients with an 
active lifestyle.

Survey participants

Overall, 82.8% survey participants had more than 
10  years’ surgical experience, and 52.5% more than 
20 years’ surgical experience.

Perioperative patient assessment for THA

Overall, 77.8% surgeons included assessment of the patient’s 
physical activity level in their standard pre-operative patient 
work-up. The most frequently selected factors that influ-
enced post-operative RTS capacity included coordination 
(i.e., previous experience in a specific type of sport), body 
mass index (BMI), and age, and less often, neurological pre-
conditions and muscle mass (Fig. 1).

Risk assessment in patients with high expectations 
for RTS after THA

According to most surgeons, RTS after hip arthroplasty 
posed the greatest risk for periprosthetic fractures and 
dislocation, while polyethylene wear and implant loosen-
ing ranked third and fourth, respectively (Fig. 2). Briefly, 
55.6% surgeons considered physical activity as important 
and 26.3% considered it very important, amounting to 

Fig. 1   Pre-operative parameters 
and their influence on return to 
sports (RTS) after THA. *Coor-
dination = i.e., muscle coordina-
tion, experience with the type of 
sport. D disease or precondition. 
Multiple choices were possible; 
absolute counts are labeled

Fig. 2   Estimated risks associ-
ated with sports after THA. A 
maximum of two selections 
were possible; absolute counts 
are labeled
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81.9% in favor of physical activity after arthroplasty. How-
ever, 13.1% considered it unimportant and 5.1% stated that 
it did not matter. Accordingly, 58.6% surgeons did not think 
that RTS had a negative impact on the longevity of the hip 
implant; 26.3% did; 12.1% were ‘undecided’; 2% felt that it 
‘did not matter’, and 1% responded ‘NA’. Conversely, 79.8% 
expected a positive impact of sports on the longevity of hip 
implant, and 15.2% did not. Moreover, 2% surgeons consid-
ered their patients’ weight bearing on the implant was ‘way 
too low’, 37.4% said ‘too low’, 41.4% considered it ‘just 
right’, 14.1% said weight bearing was ‘a little too high’, and 
1% felt it was ‘way too high’ (Fig. 3). The data suggested 
that many experts (~ 39.4%) would encourage patients to 
increase physical activity overall. Most surgeons (51.5% 
and 25.3%, respectively) estimated that the prevalence of 
sports-related revision surgery after hip arthroplasty caused 
by stress overload on the implant was ‘< 1%’ and ‘> 1%’, 
respectively (Fig. 4).

Surgical decision‑making in patients with high RTS 
after THA

Next, the aim of this study was to assess whether high patient 
expectations for RTS after hip arthroplasty influenced surgi-
cal decision-making. Surgical approach: For the majority 
of surgeons (53.5%), high expectations of patients for RTS 
after arthroplasty did not influence their choice of surgical 

approach: 33.3% preferred an ‘anterolateral’ approach (also 
called OCM or modified Watson–Jones approach) and 
11.1% preferred an ‘anterior’ surgical approach (Fig. 5a). 
Implant fixation: For patients with high expectations for 
RTS the majority of surgeons, 63.6%, preferred ‘cement-
less’ implant fixation. 30.3% of surgeons stated it played no 
role, 5.1% were ‘undecided’ (Fig. 5b). Implant positioning: 
The positioning of the implant was not influenced by patient 
expectations for RTS, as stated by 87.9% of surgeons. 4.0% 
preferred increased inclination and 2.0% reduced cup-ante-
version (Fig. 5c). Stem type: Regarding stem type, 36.4% 
preferred ‘short-stems’ and 35.4% preferred ‘standard stems’ 
in patients with high expectations for RTS. At least 24.2% 
stated that the choice of stem type was not influenced by 
RTS expectations (Fig. 6a). Femoral head diameter: Most 
surgeons showed a preference for femoral head diameters 
of ‘36 mm’ (Fig. 6b) in patients with high expectations for 
RTS in case of high-impact sports, and at least ‘32 mm’ 
for return to low-impact sports. Bearing surface tribology: 
Ceramic-on-highly-cross-linked-polyethylene (CoHXLPE) 
was the preferred pairing for bearing surfaces in high-impact 
sports and also ranked highly for low-impact, as well as no 
sports; ceramic-on-ceramic (CoC) ranked second (Fig. 6c).

Fig. 3   Estimated patient-induced weight-bearing on the hip implant

Fig. 4   Estimated prevalence of revision surgery due to sports after 
THA. The majority of surgeons considered revision surgery due to 
sports to be minimal: < 1% or ~ 1%
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a b c

Fig. 5   Surgical decisions in patients with high-RTS expectations: a 
Preferred surgical approach—‘No influence’ on the surgical approach 
(54%) or ‘anterolateral’ (33%) or ‘anterior approach’ (11%). b Pre-
ferred implant fixation—‘cementless’ (63.6%) or ‘does not matter’ 

(30.3%). c Preferred implant position—‘no influence’ (88%), other 
options included increased inclination (4%), reduced inclination (1%), 
increased stem-anteversion (1%), and reduced cup-anteversion (2%)

a b c

Fig. 6   Implant specific decisions in patients with high-RTS expecta-
tions: a Preferred stem type—‘short stem’ (36.4%) or ‘standard stem’ 
(35.4%) (also known as straight stem) or ‘does not matter’ (24.2%). b 
Preferred femoral head diameter (multiple choices possible, numbers 
given as absolute counts): 28  mm (‘High-impact’: 4 counts, ‘Low-
impact’: 8 counts, ‘No Sports’: 3 counts). 32  mm (‘High-impact: 9 
counts, ‘Low-impact’: 41 counts, ‘No Sports’: 40 counts). 36  mm 
(‘High-impact’: 70 counts, ‘Low-impact’: 38 counts, ‘No Sports’: 28 

counts). c Preferred pairing of bearing surfaces (multiple choices pos-
sible, numbers given as absolute counts)—CoC (‘High-impact’: 17 
counts, ‘Low-Impact’: 34 counts, ‘No Sports’: 13 counts). CoHXLPE 
(‘High-impact’: 70 counts, ‘Low-Impact’: 58 counts, ‘No Sports’: 
48 counts). MoHXLPE (‘High-impact’: 9 counts, ‘Low-Impact’: 
13 counts, ‘No Sports’: 14 counts). MoM (‘High-impact’: 4 counts, 
‘Low-Impact’: 3 counts, ‘No Sports’: 5 counts)
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Recommendations for RTS after THA

The results of the survey showed uniform recommendations 
for return to low-impact sports, which was recommended 
without limitations and within 3 months after THA. In 
contrast, surgeons’ recommendations varied much more 
regarding a return to high-impact sports after THA. 51.5% 
surgeons advised a return to high-impact sports if the patient 
received adequate training, 8.1% even without limitations 
(Fig. 7a). Still, 34.3% surgeons did not recommend high-
impact sports at all (3% considered it up to the patient). In 
case of high-impact sports, most experts recommended at 
least 6 months before RTS (Fig. 7b).

The results of this survey show that sports including 
basketball, boxing, soccer, gymnastics, handball, hockey, 
squash, climbing, volleyball, tennis, and skiing on slopes 
were mostly not recommended or only with adequate train-
ing (Fig. 8). In contrast, walking, swimming, hiking, and 

level biking were among the activities that the vast majority 
of surgeons recommended without limitations or training. 
Recommendations seemed to vary more for sports such as 
ballroom dancing, cross country biking, bowling, dancing, 
e-scooters, fitness/weights, golf, horseback riding, jogging, 
Pilates, cross country skiing, table tennis, and yoga where 
the sport was either recommended without limitations or 
with adequate training.

Discussion

Our study results showed that preoperative physical activity 
of the patient was part of a standard patient interview for 
the majority of surgeons. Previous studies suggest that the 
level of preoperative physical activity of the patient corre-
lates with patient expectations for post-operative RTS and 
return to physical activity (RPA) [26, 32, 35, 37]. Along with 

Fig. 7   a Recommendations 
for high-impact sports after 
THA, ‘without limitation’ 8%, 
‘with adequate training’ 52%, 
‘not recommended’ 34%, ‘up 
to the patient’ 3%, NA 3%. b 
Recommended time to return 
to sports after THA for low- vs. 
high-impact sports (numbers as 
absolute counts): High-Impact 
Sports—‘ > 6 M’: 50 counts, 
‘ > 3 M’: 10 counts, ‘not recom-
mended’: 32 counts, ‘unde-
cided’: 3 counts vs. Low-Impact 
Sports—‘ > 6 M’: 22 counts, 
‘ > 3 M’: 72 counts, ‘not recom-
mended’: 1 count, ‘undecided’: 
1 count.

a b

Fig. 8   Specific activity recom-
mendations after THA, y-axis: 
numbers as absolute counts, 
x-axis: type of activity/sport 
(Ballroom was abbreviated for 
ballroom dancing). Recommen-
dations ‘without limitations’ 
(dark grey), ‘with adequate 
training’ (medium grey), ‘not 
recommended’ (light grey), 
‘undecided’ (lightest grey) 
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current trends toward younger and more active patient clien-
tele receiving THA [43], managing and counseling patient 
expectations after THA may become an important task for 
surgeons and physicians, who will need to provide answers 
despite the lack of evidence in the literature [9].

Among the risks associated with RTS after hip replace-
ment, wear-related implant failure only ranked third after 
periprosthetic fractures and hip dislocation among expert 
opinions. The shift away from the previous assumption that 
high-activity levels seen in younger, active patients would 
impact long-term wear-related implant survivorship [35] 
may reflect the improvement in implants. Early implants 
were accompanied by restrictive recommendations with 
regard to physical activity [10]. Polyethylene wear and 
implant abrasion are used to pose a viable risk for patients 
with hip or knee replacement. The risk of abrasion and 
implant loosening was especially true for the metal-on-metal 
(MoM) pairings [5, 20], which were associated with adverse 
local tissue reactions (ALTR) and aseptic lymphocytic vas-
culitis-associated lesions (ALVAL) [14]. More recent publi-
cations as well as our results suggest a growing trend toward 
liberal counseling of patients with regard to RTS after THA 
[7, 40, 44, 60]. Recent publications support that lower wear 
rates were observed in the pairing of CoHXLPE [3]. CoC 
bearings have shown lower wear rates than polyethylene, 
and the improvement of ceramic materials has lowered the 
risks of ceramic fractures; however, long-term data are not 
yet available. Notably, incidences of ‘squeaking’ observed 
in CoC bearings seem to persist, ranging between 0.5 and 
20% [8, 49], and may be worth discussing with the patient.

In our survey, hip–joint dislocation ranked second among 
risks associated with sports after THA; however, evidence 
provided by the current literature is scarce. Hence, this 
assessment may be hypothetical at this time [48]. The trend 
toward larger femoral heads of 32–36 mm may further 
reduce the risks for hip–joint dislocation. Tsikandylakis 
et al. noted no benefit in hip range of movement of function 
in larger heads (> 36 mm), with the advantage of lower risks 
of revision due to dislocation in larger femoral heads [61]. 
Surgeons generally have to strike a balance, as larger head 
diameters are associated with higher volumetric and total 
wear rates [39]. Further improvements in implant materials 
may reduce these issues in the future.

Finally, our survey results showed that periprosthetic 
fractures ranked highest among risks associated with RTS 
after THA. The evidence regarding the incidence is scarce, 
as only two cases were reported in association with winter 
sports [42]; however, the sequelae in case of injury can be 
severe after arthroplasty [37]. Studies have shown that bone 
mineral density can be reduced after THA [28]. On the other 
hand, physical activity is known to increase overall bone 
density and prevent osteoporosis [16]. Given the lack of 
evidence for sport-associated periprosthetic fractures after 

THA, the high rank assigned to this risk seems relatively 
hypothetical at this time.

Surgeons have a growing array of different implants, 
materials, and surgical techniques to consider and choose 
from. At this time, there are no evidence-based consensus 
guidelines and uniform standards, and needless to say, some 
of the current decisions may be based on the surgeon’s per-
sonal training and preference alone. Surgical approach: In 
our survey, most surgeons stated that high-RTS expectations 
did not influence their surgical approach. Indeed, several 
studies have shown that surgical approach has little-to-no 
significant impact on RTS [34, 51]. Minimally invasive ante-
rolateral or anterior surgical approaches reduce the detach-
ment of soft tissue and muscles, and are hypothetically asso-
ciated with reduced post-operative pain, potentially allowing 
an early recovery and return to physical activity. However, 
long-term observations in outcomes suggest comparable 
results to date [12, 45, 47, 65]. Overall, this is in line with 
the majority of surgeons’ response that high-RTS expecta-
tions from patients did not influence their choice of surgical 
approach. Surgeons who participated in this survey did not 
state whether they deviated from their standard approach 
in patients with high-RTS expectations. Thus, it remains 
unknown whether preferences for ‘anterolateral’ (33%) and 
‘anterior’ (11%) approaches were a standard personal pref-
erence of surgeons. Cementless fixation: The majority of 
surgeons who participated in our survey showed a prefer-
ence for cementless fixation, a persisting trend observed in 
Germany [21]. This may correlate with the notion that young 
and active patients have a higher probability of revision THA 
in their lifetime. However, cementless fixation trends are not 
observable in all countries; among UK surgeons, cemented 
stems remain a popular choice according to registry data 
[7]. Implant positioning: The results of our survey sug-
gested that implant positioning was not influenced by high 
expectations for RTS; however, a small portion of surgeons 
chose increased inclination and reduced cup-anteversion. 
These numbers are insignificant, but may be reflective of an 
emerging discussion regarding the role of spinopelvic align-
ment in hip arthroplasty [41, 55, 59, 64]. Stem preference: 
Both short and standard stems ranked almost equally among 
surgeon preferences in our survey. These choices were in 
line with published clinical studies reporting no significant 
difference between short vs. standard stems [17, 25, 57]. 
Femoral head diameter: Large femoral head diameters of at 
least 32 mm were clearly preferred. Indeed, a trend towards 
large femoral head sizes has been observed over the years. 
The potential advantages of larger femoral head diameters 
are improved stability owing to increased jump distance 
and impingement free range of motion owing to increased 
head–neck ratio [14, 31]. Recent meta-analyses suggested 
that previously observed volumetric wear and frictional 
torque associated with large femoral heads may be minimal 
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with improved materials in CoHXLPE and CoC pairing [14, 
61]. Bearing surface tribology: The improved tribology of 
hip implants has provided a vast set of combinatorial options 
to the operating surgeon, wherein the most commonly used 
pairings include CoC, CoHXLPE, metal-on-highly-cross-
linked-polyethylene (MoHXLPE), and MoM. Results from 
several studies investigating the advantages of each pairing, 
as well as the results of our survey, suggest a growing prefer-
ence for CoHXLPE in patients with high-RTS expectations 
[27]. Our survey responses were in line with these previ-
ously reported trends.

Return to sports after THA

Previous studies have suggested that the level of preoperative 
physical activity of the patient correlates with patient expec-
tations for post-operative RTS and return to physical activity 
(RPA) [35]. Currently, there is no consensus regarding which 
type of sports are rightfully categorized as low, intermediate, 
or high impact with respect to bearing forces acting on the 
hip implant [60]. Jogging, volleyball, squash, soccer, hockey, 
handball, basketball, and gymnastics are often ranked among 
high-impact sports by previous studies and have been associ-
ated with ‘no recommendations’ after THA in earlier stud-
ies [23, 24, 36, 40, 42, 60]. Interestingly, we observed more 
liberal recommendations regarding high-impact sports: 52% 
recommended high-impact sports with adequate training, 8% 
recommended high-impact sports without limitations (Fig. 7a). 
Especially with regard to ‘jogging’, surgeons who participated 
in this survey recommended jogging with adequate training, 
some even without limitations, in contrast to earlier studies 
[23, 24, 36, 40, 42, 60]. This observation is in line with recent 
reports on this topic [7, 44], overall suggesting a trend toward 
a greater tolerance for high-impact sports. Only limited in vitro 
data exist about the biomechanical ‘upper limit’ of the pos-
sible load on implants, especially with regard to the various 
sports [6]. In vivo load bearing measurements have the poten-
tial to shed light on the forces at play during sports after THA; 
however, the true limits of implants over time remain obscure. 
Bergmann et al. [4] showed that repetitive unloading and 
simultaneous movement improve joint lubrication, while sus-
tained high loads increase friction. These observations could 
fall in line with more liberal counseling for activities such as 
jogging and running, where repetitive unloading is the case.

The results of our survey also showed that coordination 
(i.e., previous experience in the type of sport) played a piv-
otal role during patient assessment for RTS (Fig. 1). Pre-
vious studies have observed an increase in the number of 
sports performed and the associated increase in stress on 
the endoprosthesis [13, 26, 57]. However, the translation of 
in vitro data to clinical recommendations continues to be 
extremely difficult and further studies will be required in 
the future. Needless to say, patients with high expectations 

for RTS require a disciplined and balanced physical therapy 
after THA, and should be counseled on available new tech-
nologies and novel applications [50].

Limitations

This study is based on the assessment of expert opinions, 
i.e., surgeons specialized in arthroplasty in Germany. Expert 
opinions comprise empirical data as years of surgeons’ expe-
rience, surgical education, and acquired knowledge of the 
latest literature as well as biomechanical understanding. As 
such, it does not provide in vivo tested evidence. Germany 
is one of the leading countries in hip and knee arthroplasty 
[1]. This study was conducted among surgeons specialized 
in hip and knee arthroplasty in Germany. There may be 
international differences among surgeons and their training 
regarding surgical approach and fixation methods. Surgeons’ 
decisions are often based on their experience and training 
[56]. To better understand the surgeons’ recommendations, 
we compared the answers to our survey with the current 
literature to provide further evidence that may have led to 
the trends and preferences observed in our survey results.

Although sports after THA are associated with higher 
wear rates, no study to date has linked sports with higher 
rates of THA revisions, to the best of our knowledge [30, 33, 
54]. A recent review by Meek et al. [43] observed that recent 
evidence suggests that the “disregard of precautions may 
be beneficial”. The discrepancy between the observations is 
not yet fully understood. Previous studies investigating the 
RTS rate after THA suggest that patients tend to resume low-
impact sports after THA; high-impact sports after THA are 
still rare [11, 18, 30]. The survey results suggest that most 
patients are reluctant to increase physical activity because 
of the fear of stressing the implant or having been counseled 
by their doctor, surgeon, or therapist [33]. Given this real-
ity, it does not seem surprising that many surgeons in our 
survey considered the patient-induced weight-bearing stress 
on hip implants rather low. Most patients could probably be 
encouraged to engage in higher levels of physical activity 
with regard to the capacities of their hip implant as well as 
secondary health benefits [19, 32]. With improved implant 
materials, surgeons’ recommendations regarding RTS and 
physical activity after THA have become more liberal. 
Whether these recommendations are justified remains to be 
seen, as long-term outcomes are not available. Neverthe-
less, it is important to note the discrepancy between expert 
recommendations and patient reality, as there are only lim-
ited techniques available to test the in vivo weight-bearing 
forces acting on the implants over time. The data acquired 
in national implant registries will likely provide the data 
needed to refine our recommendations in the future.

It is important to note that the field of arthroplasty is 
highly dynamic; patient clientele, surgical techniques, and 
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available implants are typically rapidly evolving. The out-
comes related to these changes, measured by implant lon-
gevity and long-term patient satisfaction, will only become 
evident with a delay of 20–30 years.

Conclusion

Arthroplasty surgeons’ recommendations for RTS after 
hip arthroplasty are becoming more liberal with implant 
improvements. At the same time, there is a lack of evidence 
regarding the true limitations of these implants, given that 
in vivo studies of biomechanical load bearing over the 
course of 20–30 years are not available yet. In turn, the 
surgeons participating in our survey as well as the current 
literature have reported only minimal sports-associated 
complications after THA, thereby further encouraging the 
impression that improved implants are safe. At the same 
time, surgeons and patient-reported surveys suggest that 
patient’s weight-bearing on the implants is rather low. These 
factors could likely encourage misinformation regarding the 
true limitations of the implants. Despite an extensive array 
of available implants, materials, and surgical techniques, 
guidelines and recommendations regarding pre-operative 
patient assessment, surgical decision-making, and coun-
seling of patients with high-RTS expectations do not exist. 
Our observations in this study suggest that most surgeons 
include their patients’ expectations regarding an active 
lifestyle in their standard assessment, and, at this time, 
patients could be encouraged to achieve higher levels of 
physical activity as observed complications associated with 
RTS are deemed minimal. High expectations for RTS can 
influence some of the surgical decision-making, especially 
with regard to femoral head diameters, bearing surfaces, 
and implant fixation. With improved implant materials and 
surgical techniques, we observed recommendations for low-
impact sports and increasingly liberal recommendations for 
high-impact sports after THA. Future studies and updated 
implant registry data will show whether these developments 
are justified.

Acknowledgements  We would like to thank Andrea Trautwein, Vik-
torija Nikolić, and their teams as well as the AE society for their sup-
port in distributing and collecting the questionnaires of this survey.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Compliance with ethical standards 

Conflict of interest  Tu-Lan Vu-Han, Sebastian Hardt, Rudolf Ascherl, 
Clemens Gwinner, and Carsten Perka have nothing to disclose related 
to this work. IRB: Internal review board approval was obtained.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 OECD (2019) Health at a Glance 2019: OECD Indicators, OECD 
Publishing, Paris. https​://doi.org/10.1787/4dd50​c09-en

	 2.	 Abe H, Sakai T, Nishii T, Takao M, Nakamura N, Sugano N 
(2014) Jogging after total hip arthroplasty. Am J Sports Med 
42(1):131–137

	 3.	 Babovic N, Trousdale RT (2013) Total hip arthroplasty using 
highly cross-linked polyethylene in patients younger than 50 years 
with minimum 10 year follow-up. J Arthroplasty 28(5):815–817

	 4.	 Bergmann G, Bender A, Dymke J, Duda GN, Damm P (2018) 
Physical activities that cause high friction moments at the cup in 
hip implants. J Bone Joint Surg Am 100(19):1637–1644

	 5.	 Bolland BJRF, Culliford DJ (2011) High failure rates with a large-
diameter hybrid metal-on-metal total hip replacement. J Bone 
Joint Surg 93(5):608–615

	 6.	 Bonnin MP, Rollier JC, Chatelet JC et al (2018) Can patients prac-
tice strenuous sports after uncemented ceramic-on-ceramic total 
hip arthroplasty? Orthop J Sports Med 6(4):2325967118763920

	 7.	 Bradley BM, Moul SJ, Doyle FJ, Wilson MJ (2017) Return to 
sporting activity after total hip arthroplasty—a survey of members 
of the British hip society. J Arthroplasty 32(3):898–902

	 8.	 Brockett CL, Williams S, Jin Z, Isaac GH, Fisher J (2013) Squeak-
ing hip arthroplasties: a tribological phenomenon. J Arthroplasty 
28(1):90–97

	 9.	 Chan SW, Tulloch E, Cooper ES, Smith A, Wojcik W, Norman JE 
(2017) Montgomery and informed consent: where are we now? 
BMJ 357:j2224

	10.	 Charnley J, Mckee GK, Coltart WD, Scales JT (1961) Arthro-
plasty of the hip by the low-friction technique. J Bone Joint Surg-
British 43(3):601–601

	11.	 Chatterji U, Ashworth MJ, Lewis PL, Dobson PJ (2004) 
Effect of total hip arthroplasty on recreational and sporting 
activity. ANZ J Surg 74(6):446–449. https​://doi.org/10.111
1/j.1445-1433.2004.03028​.x

	12.	 Cheng TE, Wallis JA, Taylor NF et al (2017) A prospective ran-
domized clinical trial in total hip arthroplasty-comparing early 
results between the direct anterior approach and the posterior 
approach. J Arthroplasty 32(3):883–890

	13.	 Collaboration NCDRF (2016) Trends in adult body-mass index 
in 200 countries from 1975 to 2014: a pooled analysis of 1698 
population-based measurement studies with 19.2 million partici-
pants. Lancet 387(10026):1377–1396

	14.	 Cross MB, Nam D, Mayman DJ (2012) Ideal femoral head size in 
total hip arthroplasty balances stability and volumetric wear. HSS 
J 8(3):270–274

	15.	 Culliford D, Maskell J, Judge A et al (2015) Future projections 
of total hip and knee arthroplasty in the UK: results from the 
UK Clinical Practice Research Datalink. Osteoarthritis Cartilage 
23(4):594–600

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1787/4dd50c09-en
https://doi.org/10.1111/j.1445-1433.2004.03028.x
https://doi.org/10.1111/j.1445-1433.2004.03028.x


506	 Archives of Orthopaedic and Trauma Surgery (2021) 141:497–507

1 3

	16.	 Daly RM, Ahlborg HG, Ringsberg K, Gardsell P, Sernbo I, Karls-
son MK (2008) Association between changes in habitual physical 
activity and changes in bone density, muscle strength, and func-
tional performance in elderly men and women. J Am Geriatr Soc 
56(12):2252–2260

	17.	 Del Piccolo N, Carubbi C, Mazzotta A et al (2016) Return to 
sports activity with short stems or standard stems in total hip 
arthroplasty in patients less than 50 years old. Hip Int 26(Suppl 
1):48–51

	18.	 Delasotta LA, Rangavajjula AV, Porat MD, Frank ML, Orozco FR, 
Ong AC (2012) What are young patients doing after hip recon-
struction? J Arthroplasty 27(8):1518–1525 ((e1512))

	19.	 Girard J, Miletic B, Deny A, Migaud H, Fouilleron N (2013) Can 
patients return to high-impact physical activities after hip resur-
facing? A prospective study Int Orthop 37(6):1019–1024

	20.	 Glyn-Jones S, Pandit H, Kwon YM, Doll H, Gill HS, Murray DW 
(2009) Risk factors for inflammatory pseudotumour formation fol-
lowing hip resurfacing. J Bone Joint Surg Br 91(12):1566–1574. 
https​://doi.org/10.1302/0301-620X.91B12​.22287​

	21.	 Grimberg A, Jansson V, Melsheimer O, Steinbrück A (2019) 
EPRD Jahresbericht 2019 (ed) Jahresbericht. Endoprothesen-
register Deutschland, Deutsche Gesellschaft für Orthopädie und 
Orthopädische Chirurgie

	22.	 Guerrero-Luduena RE, Comas M, Espallargues M et al (2016) 
Predicting the burden of revision knee arthroplasty: simulation 
of a 20 year horizon. Value Health 19(5):680–687

	23.	 Healy WL, Iorio R, Lemos MJ (2001) Athletic activity after 
joint replacement. Am J Sports Med 29(3):377–88. https​://doi.
org/10.1177/03635​46501​02900​32301​

	24.	 Healy WL, Sharma S, Schwartz B, Iorio R (2008) Athletic 
activity after total joint arthroplasty. J Bone Joint Surg Am 
90(10):2245–2252

	25.	 Hochreiter J, Mattiassich G, Ortmaier R, Steinmair M, Anderl 
C (2020) Femoral bone remodeling after short-stem total hip 
arthroplasty: a prospective densitometric study. Int Orthop 
44(4):753–759

	26.	 Hoorntje A, Janssen KY, Bolder SBT et al (2018) The effect of 
total hip arthroplasty on sports and work participation: a system-
atic review and meta-analysis. Sports Med 48(7):1695–1726

	27.	 Hu CY, Yoon TR (2018) Recent updates for biomaterials used in 
total hip arthroplasty. Biomater Res 22:33

	28.	 Ibrahim M, Sernert N, Kartus J, Ejerhed L (2019) Despite 
increased physical activity levels, bone mineral density decreases 
after total hip arthroplasty. Transl Sports Med 2(1):32–38

	29.	 Inacio MCS, Paxton EW, Graves SE, Namba RS, Nemes S 
(2017) Projected increase in total knee arthroplasty in the United 
States—an alternative projection model. Osteoarthritis Cartilage 
25(11):1797–1803

	30.	 Innmann MM, Weiss S, Andreas F, Merle C, Streit MR (2016) 
Sports and physical activity after cementless total hip arthroplasty 
with a minimum follow-up of 10 years. Scand J Med Sci Sports 
26(5):550–556

	31.	 Jameson SS, Lees D, James P, Serrano-Pedraza I, Parting-
ton PF, Muller SD, Meek RM, Reed MR (2011) Lower rates 
of dislocation with increased femoral head size after primary 
total hip replacement: a five-year analysis of NHS patients 
in England. J Bone Joint Surg Br 93(7):876–80. https​://doi.
org/10.1302/0301-620X.93B7.26657​

	32.	 Jassim SS, Douglas SL, Haddad FS (2014) Athletic activity after 
lower limb arthroplasty: a systematic review of current evidence. 
The Bone Joint J 96-B(7):923–927

	33.	 Jassim SS, Tahmassebi J, Haddad FS, Robertson A (2019) Return 
to sport after lower limb arthroplasty—why not for all? World J 
Orthop 10(2):90–100

	34.	 Takeuchi K, Hashimoto S, Matsumoto T, Hayashi S, Takay-
ama K, Kuroda R (2020) Recovery of activity level following 

total hip arthroplasty in patients less than 60 years of age. Hip 
Int 11:1120700020911911. https​://doi.org/10.1177/11207​00020​
91191​1

	35.	 Keeney JA, Nunley RM, Baca GR, Clohisy JC (2015) Are younger 
patients undergoing THA appropriately characterized as active? 
Clin Orthop Relat Res 473(3):1083–1092

	36.	 Klein GR, Levine BR, Hozack WJ et al (2007) Return to athletic 
activity after total hip arthroplasty. Consensus guidelines based 
on a survey of the hip society and American association of hip 
and knee surgeons. J Arthroplasty 22(2):171–175

	37.	 Krismer M (2017) Sports activities after total hip arthroplasty. 
EFORT Open Rev 2(5):189–194

	38.	 Kurtz S, Ong K, Lau E, Mowat F, Halpern M (2007) Projections 
of primary and revision hip and knee arthroplasty in the United 
States from 2005 to 2030. J Bone Joint Surg Am 89(4):780–785

	39.	 Lachiewicz PF, Heckman DS, Soileau ES, Mangla J, Martell JM 
(2009) Femoral head size and wear of highly cross-linked polyeth-
ylene at 5 to 8 years. Clin Orthop Relat Res 467(12):3290–3296

	40.	 Laursen MK, Andersen JB, Andersen MM, Simonsen OH, 
Laursen MB (2014) Danish surgeons allow the most athletic 
activities after total hip and knee replacement. Eur J Orthop Surg 
Traumatol 24(8):1571–1577

	41.	 Lum ZC, Coury JG, Cohen JL, Dorr LD (2018) The current 
knowledge on spinopelvic mobility. J Arthroplasty 33(1):291–296

	42.	 McGrory BJ (2004) Periprosthetic fracture of the femur after total 
hip arthroplasty occurring in winter activities: report of two cases. 
J Surg Orthop Adv 13(2):119–123

	43.	 Meek RMD, Treacy R, Manktelow A, Timperley JA, Haddad FS 
(2020) Sport after total hip arthroplasty: undoubted progress but 
still some unknowns. The Bone Joint J 102-B(6):661–663

	44.	 Meester SB, Wagenmakers R, van den Akker-Scheek I, Stevens 
M (2018) Sport advice given by Dutch orthopaedic surgeons to 
patients after a total hip arthroplasty or total knee arthroplasty. 
PLoS ONE 13(8):e0202494

	45.	 Miller LE, Gondusky JS, Bhattacharyya S, Kamath AF, Boettner 
F, Wright J (2018) Does surgical approach affect outcomes in total 
hip arthroplasty through 90 days of follow-up? a systematic review 
with meta-analysis. J Arthroplasty 33(4):1296–1302

	46.	 Nemes S, Gordon M, Rogmark C, Rolfson O (2014) Projections of 
total hip replacement in Sweden from 2013 to 2030. Acta Orthop 
85(3):238–243

	47.	 Ogonda L, Wilson R, Archbold P, Lawlor M, Humphreys P, 
O’Brien S, Beverland D (2005) A minimal-incision technique in 
total hip arthroplasty does not improve early postoperative out-
comes. A prospective, randomized, controlled trial. J Bone Joint 
Surg Am 87(4):701–710. https​://doi.org/10.2106/JBJS.D.02645​

	48.	 Ollivier M, Frey S, Parratte S, Flecher X, Argenson JN (2012) 
Does impact sport activity influence total hip arthroplasty durabil-
ity? Clin Orthop Relat Res 470(11):3060–3066

	49.	 Owen DH, Russell NC, Smith PN, Walter WL (2014) An esti-
mation of the incidence of squeaking and revision surgery for 
squeaking in ceramic-on-ceramic total hip replacement: a meta-
analysis and report from the Australian Orthopaedic Association 
National Joint Registry. Bone Joint J 96-B(2):181–187: https​://
doi.org/10.1302/0301-620X.96B2.32784​

	50.	 Owens JG, Rauzi MR, Kittelson A, Graber J, Bade MJ, Johnson 
J, Nabhan D (2020) How new technology is improving physical 
therapy. Curr Rev Musculoskelet Med 13(2):200–211. https​://doi.
org/10.1007/s1217​8-020-09610​-6

	51.	 Palan J, Beard DJ, Murray DW, Andrew JG, Nolan J (2009) Which 
approach for total hip arthroplasty: anterolateral or posterior? Clin 
Orthop Relat Res 467(2):473–477

	52.	 Pilz V, Hanstein T, Skripitz R (2018) Projections of primary hip 
arthroplasty in Germany until 2040. Acta Orthop 89(3):308–313

	53.	 Ravi B, Croxford R, Reichmann WM, Losina E, Katz JN, Hawker 
GA (2012) The changing demographics of total joint arthroplasty 

https://doi.org/10.1302/0301-620X.91B12.22287
https://doi.org/10.1177/03635465010290032301
https://doi.org/10.1177/03635465010290032301
https://doi.org/10.1302/0301-620X.93B7.26657
https://doi.org/10.1302/0301-620X.93B7.26657
https://doi.org/10.1177/1120700020911911
https://doi.org/10.1177/1120700020911911
https://doi.org/10.2106/JBJS.D.02645
https://doi.org/10.1302/0301-620X.96B2.32784
https://doi.org/10.1302/0301-620X.96B2.32784
https://doi.org/10.1007/s12178-020-09610-6
https://doi.org/10.1007/s12178-020-09610-6


507Archives of Orthopaedic and Trauma Surgery (2021) 141:497–507	

1 3

recipients in the United States and Ontario from 2001 to 2007. 
Best Pract Res Clin Rheumatol 26(5):637–647

	54.	 Ritter MA, Meding JB (1987) Total hip arthroplasty. Can the 
patient play sports again? Orthopedics 10(10):1447–1452

	55.	 Riviere C, Lazennec JY, Van Der Straeten C, Auvinet E, Cobb J, 
Muirhead-Allwood S (2017) The influence of spine-hip relations 
on total hip replacement: a systematic review. Orthop traumatol, 
Surg Research: OTSR 103(4):559–568

	56.	 Sadoghi P (2017) Controversies in total knee arthroplasty: 
Cochrane evidence or surgeons’ philosophy? Knee Surg Sports 
Traumatol Arthrosc 25(11):3331–3332

	57.	 Schmidutz F, Grote S, Pietschmann M et al (2012) Sports activity 
after short-stem hip arthroplasty. Am J Sports Med 40(2):425–432

	58.	 Singh JA, Yu S, Chen L, Cleveland JD (2019) Rates of total joint 
replacement in the united states: future projections to 2020–2040 
using the national inpatient sample. J Rheumatol 46(9):1134–1140

	59.	 Sultan AA, Khlopas A, Piuzzi NS, Chughtai M, Sodhi N, Mont 
MA (2018) The impact of spino-pelvic alignment on total hip 
arthroplasty outcomes: a critical analysis of current evidence. J 
Arthroplasty 33(5):1606–1616

	60.	 Swanson EA, Schmalzried TP, Dorey FJ (2009) Activity recom-
mendations after total hip and knee arthroplasty: a survey of the 
American association for hip and knee surgeons. J Arthroplasty 
24(6 Suppl):120–126

	61.	 Tsikandylakis G, Mohaddes M, Cnudde P, Eskelinen A, Karrholm 
J, Rolfson O (2018) Head size in primary total hip arthroplasty. 
EFORT Open Rev 3(5):225–231

	62.	 Wickham H (2016) ggplot2: Elegant Graphics for Data Analy-
sis. Springer, New York. ISBN 978-3-319-24277-4. https​://ggplo​
t2.tidyv​erse.org

	63.	 Witjes S, Gouttebarge V, Kuijer PP, van Geenen RC, Poolman RW, 
Kerkhoffs GM (2016) Return to sports and physical activity after 
total and unicondylar knee arthroplasty: a systematic review and 
meta-analysis. Sports Med 46(2):269–292

	64.	 Yeganeh A, Moghtadaei M, Motalebi M (2018) A challenge on 
orthopedic sciences: the influence of spinal disease and deformi-
ties on total hip arthroplasty: a review on literature. Arch Bone Jt 
Surg 6(5):346–352

	65.	 Zhao HY, Kang PD, Xia YY, Shi XJ, Nie Y, Pei FX (2017) Com-
parison of early functional recovery after total hip arthroplasty 
using a direct anterior or posterolateral approach: a randomized 
controlled trial. J Arthroplasty 32(11):3421–3428

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://ggplot2.tidyverse.org
https://ggplot2.tidyverse.org

	Recommendations for return to sports after total hip arthroplasty are becoming less restrictive as implants improve
	Abstract
	Introduction 
	Material and methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Results
	Survey participants
	Perioperative patient assessment for THA
	Risk assessment in patients with high expectations for RTS after THA
	Surgical decision-making in patients with high RTS after THA
	Recommendations for RTS after THA

	Discussion
	Return to sports after THA
	Limitations

	Conclusion
	Acknowledgements 
	References




