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Abstract

Purpose The purpose of this study was to assess (1) sports participation and preference for the type of sports activity after
TKA, (2) mid-term functional outcome and activity level, (3) correlation of different age groups with activity level and
functional outcomes, and (4) mid-term survivorship of the prosthesis.

Methods A retrospective review of prospectively collected data was performed. 182 patients were included who under-
went primary TKA between January 2010 and December 2016. Inclusion criteria were symptomatic knee osteoarthritis,
age 50-90 years, and with a minimum of 5-year follow-up after TKA. Patients with rheumatoid arthritis and revision TKA
were excluded. Sports participation and sports preference, Oxford Knee Score (OKS), Tegner Activity Level, and Visual
Analogue Scale (VAS) for pain were recorded pre- and postoperatively at 6 months, 1 year, 2 years, and 5 years. The patient
cohort was subdivided according to age groups; activity levels, patient-reported outcomes, and improvement in knee pain
were correlated with these age groups. Kaplan—Meier curves were used to investigate survivorship at a minimum of 5 years.
Results The mean age of the cohort was 75.6 +7.2 years (range 52-89). Significant improvement was noted in sports partici-
pation (p <0.003). After TKA, there was no change in the preference for sports and none of the patients had to discontinue
their sporting activity. OKS improved significantly at all follow-up time points compared to the preoperative score (p <.0001).
Patients' sports and physical activity improved significantly at 1 year compared to the preoperative activity level (p <0.001).
Although the Tegner activity level improved over time, this improvement was not significant (NS), while it was significantly
higher in males than in females (p <0.004). Significant improvement was found in the VAS for pain at all follow-up time
points compared to the preoperative score (p <.0001). Survivorship was found to be 100% at a 5-year follow-up.
Conclusion After TKA, patients can be able to return to sporting activity or even perform better than before surgery. Maxi-
mum improvement was noted in the first post-operative year. The male and younger groups perform better than the female
and older groups. Sports and physical activity do not negatively impact survivorship of the knee prosthesis at mid-term
follow-up and all patients are encouraged to take up sports participation after their TKA.

Level of evidence Level 3.

Keywords TKA - Total knee arthroplasty - Total knee replacement - TKR - Functional outcome - Sports activity -
Survivorship
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Introduction

Total knee arthroplasty (TKA) is the treatment of choice
for end-stage osteoarthritis (OA) where more conserva-
tive options have failed [21]. With continuously evolving
implant technology, surgical technique, and procedural
safety over the past decade, patients have high expecta-
tions for the outcome of knee arthroplasty. Therefore, the
success of knee arthroplasty is more and more evaluated by
the ability to return to sporting and recreational activities
with excellent survivorship of the prosthesis [20].

Sports activities enhance muscle strength, coordination,
balance, and bone density, and therefore reduce the risk
of implant loosening [5, 12]. Moreover, sports activities
provide opportunities for social interaction, developing
relationships, and contributing to the overall sense of suc-
cessful aging [18]. Therefore, patients frequently ask the
treating surgeon, whether they will be able to return to
sporting activity or even perform better than before sur-
gery [14]. On the other hand, surgeons are cautious and
forbid high-impact sports and physical activities to prevent
premature failure due to prosthetic wear, loosening, and
revision [4]. Therefore, potential negative consequences
of sporting activities on TKA should be considered in bal-
ance with the beneficial effects. Considering this challenge,
surgeons need to provide detailed information to the patient
and set realistic goals for a post-operative functional out-
come [8, 13]. Studies have shown that activity level and
functional outcome improved after TKA, but these stud-
ies had a short-term follow-up and they did not evaluate
survivorship of TKA [9, 16]. On the other hand, one study
found that the rate of sporting activity decreased after
TKA, even if surgery improved functional outcomes and
patients’ activity levels [3].

Therefore, this study aimed to analyze (1) sports partici-
pation and preference for the type of sports activity after
TKA, (2) mid-term functional outcome and activity level,
(3) correlation of different age groups with activity level
and functional outcomes, and (4) mid-term survivorship of
the prosthesis. The hypothesis was that (1) TKA will have
a positive effect on sports participation and activity levels
with significant improvement in functional outcomes, (2)
younger age groups will have a better functional outcome
and activity levels, and (3) prosthesis survivorship will not
be deteriorated by sports activities.

Materials and methods
A retrospective review of prospectively collected data was

performed to identify patients who underwent primary total
knee arthroplasty. Patients were included in the study if
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they fulfilled the following inclusion criteria: diagnosis
of primary symptomatic knee osteoarthritis (Kellgren and
Lawrence grade 3 or 4), age 50-90 years, and had a mini-
mum of 5-year follow-up after TKA. The exclusion criteria
were: rheumatoid arthritis, revision TKA, and conditions
that might interfere with the standard post-operative reha-
bilitation protocol.

For this consecutive retrospective series, 204 patients
were identified who underwent primary TKA between Jan-
uary 2010 and December 2016. Twenty-two patients did
not meet the inclusion criteria (n =4 were out of age limit;
n=12 did not give their written informed consent; n=6
lost to follow-up. Since lost to follow-up was small (n=6),
therefore, missing values imputation was not considered
for this. Finally, a total of 182 patients were included in
this study. All the surgeries were performed by two senior
surgeons. The medial parapatellar approach and cemented
cruciate-retaining total knee prosthesis (NexGen CR, Zim-
mer Inc.) were used. All patients were given a standardized
post-operative rehabilitation program that consisted of a
four-point gait pattern within the first 2 weeks after sur-
gery. The patients were advised to use crutches for initial
4 weeks. For the next 8 weeks, low-impact physical activi-
ties such as walking, swimming, and static cycling were
recommended. After 12 weeks, hiking, cycling, Nordic
walking, golf, and weight training exercises were allowed.
According to the progress of the individual subject, further
sports activities such as mountain biking, skiing, and tennis
were allowed at 5 to 6 months.

Patients were evaluated pre-and postoperatively at
6 months, 1 year, 2 years, and 5 years for sports partici-
pation and sports preference, patient-reported outcomes,
activity levels, and improvement in knee pain. A preopera-
tive questionnaire evaluated the patients’ condition within
the last 4 weeks before surgery rather than immediately
preoperatively. Sports participation and the type of sports
most frequently performed after surgery were evaluated
by a direct question. The top three sports preferences in
the winter and summer sessions were noted. Tegner Activ-
ity level Scale, ranging from O (=sick leave or disability
pension because of knee problems) to 10 (=competitive
sports— national elite), measured the activity level. For
patient-reported outcomes, Oxford Knee Score (OKS)
was used. It is a self-reported questionnaire that evaluates
patients’ perceptions following TKA. OKS consist of 12
questions covering pain, stiffness, and function parameters,
scored from O to 48, with higher scores indicating better
patient-reported outcomes. The pain was measured with
the Visual Analogue Scale (VAS) for pain. Patients speci-
fied their perception of the pain on a scale from 0 (=no
pain) to 10 (=severe pain).
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The study was conducted at Gelenkpunkt—Sports and
Joint surgery and approved by the ethics committee of the
Medical University of Innsbruck (AN2016-0117).

Statistical analysis

The sample size was calculated based on a previous study by
Hepperger et al. [9]. They observed proportion of patients
who participated in sports preoperatively and postopera-
tively at 6, 12, and 24 months was 79%, 82%, 82%, and 83%,
respectively. Taking this value as reference, the minimum
required sample size with a 6% margin of error and 5% level
of significance was 178 patients. To reduce the margin of
error, the total sample size taken was 182 patients.

To calculate sample size, this formula was used:

n > (p(1 - p))/(ME/z,)’

where Z,, is the value of Z at a two-sided alpha error of 5%
(i.e., 1.96).

ME is a margin of error (6%).

p is the proportion of patients who participated in sports
at various time intervals.

The presentation of the categorical variables was done in
the form of numbers and percentages (%). On the other hand,
the quantitative data with normal distribution were presented
as the means + SD and the data with non-normal distribu-
tion as median with 25th and 75th percentiles (interquartile
range). The data normality was checked using the Kolmogo-
rov—Smirnov test. In the cases the data were not normal, non-
parametric tests were used. The comparison of the variables
which were quantitative and not normally distributed in nature
was performed using the Mann—Whitney test (for two groups)
and the Kruskal-Wallis test (for more than two groups). For
outcome comparison between age groups, the Kruskal-Wal-
lis test along with a Post Hoc analysis by Dunn’s multiple
pairwise comparison test was carried out. Friedman test was
used for comparison across follow-up along with post hoc
comparison. All the qualitative variables were analyzed using
Fisher’s exact test. The patient cohort was subdivided accord-
ing to age groups; activity levels, patient-reported outcomes
and improvement in knee pain were correlated with these
age groups. Additionally, Kaplan—Meier curve analysis was
planned for the survivorship, with failure defined as a revision
of any component for any reason. The data entry was done in
the Microsoft EXCEL spreadsheet and the final analysis was
done with the use of Statistical Package for Social Sciences
(SPSS) software, IBM manufacturer, Chicago, USA, version
21.0. For statistical significance, a p value of less than 0.05
was considered statistically significant.

Table 1 Demographic data of the study population

Variable Results

Total patients 182

Gender Male =85; Female =97
Mean age 75.6+7.2 (range 52-89)
Patient number in the age group of 50-59 5 (2.7%)

Patient number in the age group of 60-69  31(17.0%)

Patient number in the age group of 70-79 86 (47.2%)

Patient number in the age group of 80-89 60 (32.9%)

Results

Out of 182 patients, 97 (53.3%) were female and 85
(46.7%) were male. The mean age at the time of surgery
was 75.6+7.2 years (range, 52-89). Patients were divided
into four different age groups (Tablel).

Sports participation and preference for sports
activity

Significant improvement was noted in sports participation
(»<0.003) (Table 2). After TKA, the most common sports
practiced were, hiking, cycling, and swimming in order of
decreasing frequency in summer; and in winter, the most
commonly practiced sports were skiing followed by cross-
country skiing and then hiking, over all the age groups over
the entire follow-up period. The preference for sporting
activity had not changed from preoperative status and all
the patients continued to practice their preferred sports with
none of the patients having to discontinue.

Patient-reported outcomes

The Oxford knee score (OKS) improved significantly at all
follow-up time points compared to the preoperative score
(»<0.0001). Comparison of OKS was performed at dif-
ferent follow-up periods and this did not improve signifi-
cantly when comparing the scores at 1 year, 2 years, and
5 years (Table 3 and Fig. 1A) (NS). OKS was also analyzed
for different age groups at different follow-up periods and
no significant difference was found among the age groups
(Table 4 and Fig. 2A) (NS). Also, no significant difference
was observed in the post-operative OKS between male and
female patients (Fig. 3A) (NS).

Patients’ sports and physical activity improved signifi-
cantly at 1 year compared to the preoperative activity level
(»<0.001). Although the Tegner activity level improved
over time, this improvement was not significant (Table 3
and Fig. 2B) (NS). Physical activity was also analyzed for
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Table 2 Comparison of

e Sports participation Pre-operative 6 months 12 months 24 months 60 months P value
sports participation of study
subjects across follow-up ) ) () () )
at preoperatively and Occasionally 44 (242%)  23(12.6%) 21(11.5%) 19(10.4%) 19 (10.4%) 0.003"
postoperatively 6 months,
1 year, 2 years, and 5 years 1 to 2 times a week 34 (18.7%) 27 (14.8%) 23(12.6%) 25(13.7%) 23 (12.6%)
3 to 5 times a week 85(46.7%) 102 (56.0%) 105 (57.7%) 107 (58.8%) 104 (57.1%)
More than 5 times a week 19 (10.4%) 30 (16.5%) 33 (18.1%) 31(17.0%) 36 (19.8%)

4Chi-square test

(n) Number of patients

Table 3 Comparison of OKS, tegner activity level, and VAS for pain of study subjects across follow-up at preoperatively and postoperatively

6 months, 1 year, 2 years, and 5 years

Comparison of OKS of study subjects across follow-up

OKS Mean +SD Median (25th—75th percentile) Range P value
At 0 month 25.9+8.1 26 (20-31) 7-46 <.0001*
At 6 months 38.4+8.3 41 (33-45) 9-58

At 12 months 40.1+89 43 (36.3-46.8) 8-60

At 24 months 41.8+8.0 44 (39-47) 4-60

At 60 months 424472 44 (40-47) 15-60

Comparison of Tegner activity level of study subjects across follow-up

Tegner activity level Mean +SD Median (25th—75th percentile) Range P value
At 0 month 3.6+1.6 3(3-5) 0-7 0.001*
At 6 months 3.8+1.5 4 (3-5) 1-6

At 12 months 40+14 4(3-5) 0-6

At 24 months 40x1.4 4 (3-5) 1-6

At 60 months 40+1.8 4 (3-5) 1-7

Comparison of VAS for pain of study subjects across follow-up

VAS for pain Mean +SD Median (25th—75th percentile) Range P value
At 0 month 6.0+2.7 7 (4-8) 0-10 <.0001*
At 6 months 1.2+1.5 1(0-2) 0-8

At 12 months 0.8+1.2 0(0-1) 0-9

At 24 months 0.7+14 0(0-1) 0-9

At 60 months 0.8+1.4 0(0-1) 0-9

*Friedman test

different age groups at different follow-up periods and no
significant difference was found at 1 year and 2 years among
the age groups (Table 4 and Fig. 2B) (NS). On compar-
ing males and females, Tegner activity level is significantly
higher in males than in females (Fig. 3B) (p <0.004).
Significant improvement was found in the VAS for pain
at all follow-up time points compared to the preoperative
score (Table 3 and Fig. 1C) (p <0.0001). A comparison of
VAS for pain was performed at different follow-up periods
and it was not significantly improved at 2-year and 5-year
as compared to the score at 1-year (NS). On analyzing
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different age groups, VAS for pain significantly improved
at 2-year follow-up in the different age groups (Table 4 and
Fig. 2C) (p <0.032). No significant difference was observed
in the post-operative VAS for pain between male and female
patients (Fig. 3C) (NS).

Survivorship
None of the patients had any loosening of their implants or

polyethylene wear and none of the knees was revised for any
reason. All had been actively practicing their preferred sports
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Fig. 1 Whisker plots at preoperatively and postoperatively 6 months,
1-year, 2-year, 5-year follow-up for A OKS, B Tegner activity level,
and C VAS for pain scores. Asterisks mark shows the statistically sig-
nificant comparisons. Post-operative OKS, Tegner, and VAS for pain
improved significantly compared to the preoperative score

until the last follow-up. Thus, survivorship was found to be
100% at 5 years of the minimum follow-up in this study.

Discussion

The most important findings of this study are that sports
participation improved significantly after TKA and the top
three sports preferences in the summer session were hiking,
cycling, and swimming, while in winter, they were skiing,
cross-country skiing, and hiking. All the patients continued
to practice sporting activities after surgery. OKS, Tegner
activity levels, and VAS for pain also improved significantly
from the preoperative level. Prosthesis survivorship was
found to be 100% at the end of a 5-year follow-up.

It is increasingly recognized that younger people are also
affected by osteoarthritis of the knee and these younger
patients are typically more involved in sporting and physi-
cal activity; therefore, expectations after TKA are very high
[1, 10]. Moreover, increasing life expectancy is leading to
greater sports participation in older ages. Patients under-
going TKA expect to resume their sports activities after
surgery and patients’ satisfaction is dependent on whether
preoperative expectations are fulfilled [2].

In this study, sports participation improved significantly
after TKA, and these findings are similar to the previous
studies [9, 11]. In their meta-analysis, Konings et al. [11]
reported that after TKA patients become more active in
sports than before the onset of restricting symptoms. In
another study [19] after a mean follow-up of 10 years fol-
lowing TKA, 169 (70.8%) patients stayed actively involved
in sports, whereas in the current study at the end of the
5-year follow-up, all the patients continued to practice
sporting activity. Of the 70.8%,71.3% of the patients con-
tinued practicing low-impact sports, the most common being
swimming, hiking, Nordic walking, gymnastics, and fitness
training. The type of sporting activity most common in their
series is similar to the current study, accounting for regional
differences. Plassard et al. [16] found that the mean time
to return to sports was 5 months, and the most frequently
performed sports were walking, hiking, gardening, swim-
ming, yoga, cycling, and golf. Again, taking into account the
cultural and regional differences, these findings are similar
to the findings of this study in the most commonly prac-
ticed sports and return to sports after TKA. In a previous
study [9] among the TKA patients, the most popular sum-
mer sports were hiking, cycling, and swimming. During the
winter, the patients preferred skiing, cross-country skiing,
and hiking, and no significant change in the preferred sports
was observed among the patients after 2 years of follow-up.
This mirrors the findings of the current study, at the end of
our 5-year follow-ups.

Thaler et al. [18] performed an online survey of 120
European Knee Association (EKA) members. In their
study, beyond 12 weeks after TKA, aerobics, hiking, and
Nordic walking were reported as allowed, and after 6 months
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Table 4 Comparison of OKS, Tegner activity level, and VAS for pain between 5 age subgroups at preoperatively and postoperatively 6 months,

1 year, 2 years, and 5 years

Comparison of OKS between age group

OKS 50-59 (n=5) 60-69 (n=31) 70-79 (n=86) 80-89 (n=60) P value
At 0 month 29 (28-38) 26 (17-30.5) 26 (21-30.8) 26 (20-31) 0.583?
At 6 months 43 (41-44) 41 (34.5-44) 41.5 (33.5-45) 38.5 (31-44) 0.342?
At 12 months 47 (46-47) 43 (37.5-46) 44 (36-47) 41 (36-46) 0.177?
At 24 months 46 (45-47) 44 (38-47) 45 (42-47) 43.5 (35.8-47) 0.428?
At 60 months 46 (45-48) 45 (39-47) 45 (42-47) 41.5 (38.8-46) 0.06*
Comparison of Tegner activity level between age group

Tegner activity level 50-59 (n=5) 60-69 (n=31) 70-79 (n=386) 80-89 (n=60) P value
At 0 month 6 (4-6) 3(2-4) 4 (3-6) 3(2-4) 0.019?
At 6 months 6 (5-6) 4 (3-5) 4 (3-5) 324 0.0008*
At 12 months 6 (4-6) 4 (3-4.5) 4 (3-6) 3(34.3) 0.028?
At 24 months 5 (4-6) 4(3-4.5) 4 (3-5) 3(3-5) 0.078?
At 60 months 5 (4-6) 434 4 (3-6) 334 0.009?
Comparison of VAS for pain between age group

VAS for pain 50-59 (n=5) 60-69 (n=31) 70-79 (n=86) 80-89 (n=60) P value
At 0 month 5(4-5) 7 (4-8) 7 (4-8) 7 (4-8) 0.754*
At 6 months 1(1-1) 1(0-2) 1(0-2) 1(0-2) 0.972?
At 12 months 0(0-1) 1(0-1) 0(0-1) 1(0-1) 0.192?
At 24 months 0 (0-0) 0(0-1.5) 0(0-1) 0 (0-1) 0.032*
At 60 months 0 (0-0) 0 (0-1) 0 (0-1) 0(0-1.3) 0.633?

#Kruskal-Wallis test

postoperatively, the survey participants additionally recom-
mended mountain biking/incline cycling, and skiing sports
(which were practiced by patients in the current study),
highlighting that findings of this study are in line with the
prevailing practice among European knee surgeons.

The OKS had improved overall at all points of time
during the follow-up. The greatest improvement in OKS
was obtained in the first 1 year after surgery, after which
improvements, although seen, were not significant. Simi-
lar findings were reported by Hepperger et al. [9], who
showed significant improvements in OKS after TKA in the
first 6 months. It suggests that OKS significantly improved
after TKA, but this improvement is seen during the first
12 months, and after that, no significant improvement is
observed. Moreover, the OKS was not significantly corre-
lated to age groups or gender in the current study, again
similar to a previous study [9], where patients were cate-
gorized as young (72 and younger) and old (73 and older)
and no significant difference was noted in OKS between the
groups. This finding suggests that elderly patients can also
be assured of a significant return of knee function, despite
their advanced age and they can expect good outcomes after
a TKA. Tegner activity levels were used as a measure of
physical activity and sports participation of the patients, and
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it was found that they improved significantly at 1 year after
TKA. Again, this finding is similar to the previous studies
[9, 19], where the authors found that Tegner activity levels
improved significantly at the end of their follow-up. The
correlation between the different age groups and the Tegner
activity level showed that younger groups had significant
improvement compared to the older group. This suggests
that age was a negative predictor of post-operative Tegner
scores. Similar findings were also observed in other studies
[9, 19]. This could be because elderly patients may be lim-
ited in their physical capacity due to other unrelated comor-
bidities and a younger and relatively more active patient’s
knee would be in a better condition of muscle strength and
balance [2]. The interesting fact which needs to be consid-
ered is that in the study by Vielgut et al. [19], the mean age
of patients was 62.7 +11.4 years, while the current study
has a mean patient age of 75.6 +7.2, and still, this study
showed significant improvement in the Tegner activity level.
The study showed that Tegner activity levels were signifi-
cantly higher in the male patients than in females, which is
in agreement with the findings of Hepperger et al. [9], and it
indicates that after TKA male patients will have better sports
activity than female patients.
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Fig.2 Comparison of the A OKS, B Tegner activity level, and C
VAS for pain scores between 5 age subgroups at preoperatively and
postoperatively 6 months, 1-year, 2-year, and 5-year follow-up. Post-
operative OKS, Tegner, and VAS for pain improved significantly
compared to the preoperative score

Significant improvements in VAS scores were obtained
in the first 12 months of the current study which is similar
to the previous study [9]. It suggests that knee pain signifi-
cantly improved after TKA, but this improvement is seen
during the first 12 months, and after that, no significant
improvement was observed. In addition, and again similar to
findings by Hepperger et al. [9], there was no age- or gender-
related correlation for VAS scores in this study.

While active sports participation has benefits for the
patients’ overall health and quality of life, there always is
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Fig.3 Comparison of the A OKS, B Tegner activity level, and C
VAS for pain scores between male and female patients at preop-
eratively and postoperatively 6 months, 1-year, 2-year, and 5-year
follow-up. Post-operative OKS and VAS for pain between male and
female patients were non-significant. Tegner activity level is signifi-
cantly higher in males

a concern about implant loosening and accelerated poly-
ethylene wear with greater exertion. Indeed, older litera-
ture suggests that sedentary and older patients had longer
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survivorship of their knee prostheses [7]. Some studies,
however, have come out with different findings. In the
prospective study by Mont et al. [15], two groups of 57
patients with an average age of 70 years were recruited
according to the frequency and level of physical train-
ing. At an average of 7 years of follow-up, similar results
were obtained relating to implant failure rate and X-ray
evidence of loosening. In the current study, there was an
implant survival rate of 100% at the end of the 60-month
follow-up, with all the patients continuing their sporting
activities. Similarly, in the previous study [19], aseptic
implant loosening occurred in 3 patients, implant failure
in 1 and polyethylene wear in 1 patient out of 236 patients
at the end of a mean follow-up of 14.9 + 3.0 years. Other
recent studies also showed excellent survivorship of TKA
[6, 17]. This demonstrates quite well that sporting activi-
ties do not negatively impact survivorship of the knee
prosthesis and all of our patients are encouraged to take
up sports participation after their TKA. This will not only
provide a good outcome for the patient but also improve
their quality of life.

A minimum follow-up of 5 years, data availability at
all various points during follow-up and not just at start
and endpoints, and stratification of patients into four age
subgroups for analysis are the strengths of this study.

We would like to acknowledge the limitations which
include the study being a retrospective analysis, the lack
of a matched control group, and the use of only patient-
reported outcome measures. The smaller sample size in
the subgroup analysis is another limitation of the study.
A prospective study with a large sample size should be
conducted which will be of higher evidentiary value.

The findings of this study have clinical implications;
when counseling the patient for TKA; the surgeon can
advise the patient regarding the outcome and physical
activity after surgery according to the patient's demo-
graphic status. Moreover, these findings can serve as a
repository to use while informing patients on their long-
term outcome prospects concerning pain relief, improve-
ment of function, and the possibility of returning to or
even taking up sporting activities for a healthy lifestyle.

Conclusion

After TKA, patients can be able to return to sporting activ-
ity or even perform better than before surgery. Maximum
improvement was noted in the first post-operative year.
The male and younger groups perform better than the
female and older groups. Sports and physical activity do
not negatively impact survivorship of the knee prosthesis
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at mid-term follow-up and all patients are encouraged to
take up sports participation after their TKA.

Acknowledgements The study group wants to thank all the partici-
pants of the study for their efforts. We would also like to thank Dr.
Mohit Kumar Patralekh (Central Institute of Orthopaedics, VMMC
and Safdarjung Hospital, New Delhi) for his insightful advice on sta-
tistical analysis.

Author contributions Conceptualisation: AM, CF, CH, and AE; meth-
odology: AM, CH, AE, and CF; data curation and synthesis: AM, CH,
and AR; writing—original draft preparation: AM, CH, AE, and CF;
writing—review and editing: AM, CH, AE, CH, AR, and CF; supervi-
sion: CH and CF; all authors interpreted the data, critically reviewed
the work, made important contributions to the manuscript with their
suggestions for improvement, approved the published version, and
agreed to be responsible for all aspects of the work. All authors have
read and agreed to the published version of the manuscript.

Funding Open access funding provided by UMIT TIROL-Private
Universitit fiir Gesundheitswissenschaften und -technologie GmbH.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest related to this study.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

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://creativecommons.org/licenses/by/4.0/.

References

1. Ackerman IN, Bohensky MA, Kemp JL, de Steiger R (2019) Like-
lihood of knee replacement surgery up to 15 years after sports
injury: a population-level data linkage study. J Sci Med Sport
22:629-634

2. Chang MJ, Kang YG, Chung BJ, Chang CB, Kim TK (2015)
Why patients do not participate in sports activities after total knee
arthroplasty. Orthop J Sports Med 3:232596711557917

3. Chatterji U, Ashworth MJ, Lewis PL, Dobson PJ (2005) Effect of
total knee arthroplasty on recreational and sporting activity. ANZ
J Surg 75:405-408


http://creativecommons.org/licenses/by/4.0/

Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:905-913

913

10.

11.

12.

13.

Dagneaux L, Bourlez J, Degeorge B, Canovas F (2017) Return
to sport after total or unicompartmental knee arthroplasty: an
informative guide for residents to patients. EFORT Open Rev
2:496-501

Eymir M, Erduran M, Unver B (2021) Active heel-slide exercise
therapy facilitates the functional and proprioceptive enhancement
following total knee arthroplasty compared to continuous passive
motion. Knee Surg Sports Traumatol Arthrosc 29:3352-3360
Fratini S, Meena A, Alesi D, Cammisa E, Zaffagnini S, Marcheg-
giani Muccioli GM (2022) Does implant design influence failure
rate of lateral unicompartmental knee arthroplasty? A meta-anal-
ysis. J Arthroplasty 37:985-992

Gandhi R, Tsvetkov D, Davey JR, Mahomed NN (2009) Survival
and clinical function of cemented and uncemented prostheses in
total knee replacement: a meta-analysis. J Bone Joint Surg Br
91-B:889-895

Hanreich C, Martelanz L, Koller U, Windhager R, Waldstein W
(2020) Sport and physical activity following primary total knee
arthroplasty: a systematic review and meta-analysis. J Arthro-
plasty 35:2274-2285.el

Hepperger C, Gfoller P, Abermann E, Hoser C, Ulmer H, Herbst
E, Fink C (2018) Sports activity is maintained or increased follow-
ing total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc
26:1515-1523

Kleeblad LJ, van der List JP, Zuiderbaan HA, Pearle AD (2018)
Larger range of motion and increased return to activity, but higher
revision rates following unicompartmental versus total knee
arthroplasty in patients under 65: a systematic review. Knee Surg
Sports Traumatol Arthrosc 26:1811-1822

Konings MJ, De Vroey H, Weygers I, Claeys K (2020) Effect of
knee arthroplasty on sports participation and activity levels: a
systematic review and meta-analysis. BMJ Open Sport Exerc Med
6:¢000729

Kosters A, Potzelsberger B, Dela F, Dorn U, Hofstaedter T, Fink
C, Miiller E (2015) Alpine Skiing With total knee ArthroPlasty
(ASWAP): study design and intervention: study design and inter-
vention. Scand J Med Sci Sports 25:3-9

Levinger P, Bartlett JR, Bergman NR, McMahon S, Menz HB,
Hill KD (2019) The discrepancy between patient expectations
and actual outcome reduces at the first 6 months following total
knee replacement surgery. Knee Surg Sports Traumatol Arthrosc
27:2042-2050

14.

15.

17.

18.

19.

20.

21.

Mills K, Dudley D, Collins NJ (2019) Do the benefits of participa-
tion in sport and exercise outweigh the negatives? An academic
review. Best Pract Res Clin Rheumatol 33:172-187

Mont MA, Marker DR, Seyler TM, Gordon N, Hungerford DS,
Jones LC (2007) Knee arthroplasties have similar results in high-
and low-activity patients. Clin Orthop Relat Res 460:165-173

. Plassard J, Masson JB, Malatray M, Swan J, Luceri F, Roger J,

Batailler C, Servien E, Lustig S (2020) Factors lead to return to
sports and recreational activity after total knee replacement: a
retrospective study. SICOT-J 6:11

Sappey-Marinier E, Swan J, Maucort-Boulch D, Batailler C,
Malatray M, Neyret P, Lustig S, Servien E (2022) No significant
clinical and radiological differences between fixed versus mobile
bearing total knee replacement using the same semi-constrained
implant type: a randomized controlled trial with mean 10 years
follow-up. Knee Surg Sports Traumatol Arthrosc 30:603-611
Thaler M, Khosravi I, Putzer D, Hirschmann MT, Kort N,
Tandogan RN, Liebensteiner M (2021) Twenty-one sports activi-
ties are recommended by the European Knee Associates (EKA)
six months after total knee arthroplasty. Knee Surg Sports Trau-
matol Arthrosc 29:694-709

Vielgut I, Leitner L, Kastner N, Radl R, Leithner A, Sadoghi P
(2016) Sports activity after low-contact-stress total knee arthro-
plasty—a long term follow-up study. Sci Rep 6:24630

Witjes S, van Geenen RCI, Koenraadt KLLM, van der Hart CP,
Blankevoort L, Kerkhoffs GMMIJ, Kuijer PPFM (2017) Expec-
tations of younger patients concerning activities after knee
arthroplasty: are we asking the right questions? Qual Life Res
26:403-417

Zaffagnini S, Di Paolo S, Meena A, Alesi D, Zinno R, Barone G,
Pizza N, Bragonzoni L (2021) Causes of stiffness after total knee
arthroplasty: a systematic review. Int Orthop 45:1983-1999

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

@ Springer



	Total knee arthroplasty improves sports activity and the patient-reported functional outcome at mid-term follow-up
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Sports participation and preference for sports activity
	Patient-reported outcomes
	Survivorship

	Discussion
	Conclusion
	Acknowledgements 
	References




