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' The purpose of this study was to provide comprehensive long-term data about sports activity levels
. in patients following total knee arthroplasty (TKA) and to determine the impact of pre-operative
. function, pain and specific performed sports on the results. 236 patients who have undergone TKA for
. severe osteoarthritis of the knee were asked to provide specific information regarding exercised types
of sports before surgery and after at least 10 years following TKA. Pre- and postoperative function
and pain were evaluated by the use of Tegner-, WOMAC- and VAS Score. After a mean of 14.9 years, a
significant improvement regarding pain and function was observed. Pre-operative Tegner- and WOMAC
scores revealed significant positive correlations with the post-operative Tegner-Score. Accordingly, a
high percentage of patients (70.9%) stayed actively involved in sports. Nevertheless, the number of
performing patients has decreased according to the sports impact. 71.3% continued practising low-
: impact-, 43.7% intermediate-impact sports whereas only 16.4% kept performing high impact sports.
. We conclude that TKA is highly effective in long-time pain reduction as well as improvement of function.
. Additionally, we found considerable sports activities preserved in the investigated series. However,
. sports activities in particular, seem to decrease according to the impact of sports.

Osteoarthritis of the knee joint is defined by the progressive loss of articular cartilage associated with synovial

inflammation and structural changes of the subchondral bone. It is a highly common musculoskeletal disease,

accompanied by pain and functional limitations and therefore often responsible for a considerable loss of patients’

quality of life!. The understanding of the impact of both biological and psychosocial factors on the development
- of the disease should provide the basis for individual treatment strategies®. These strategies include non-invasive
: treatment options such as physical therapy and behaviour therapeutic measures, supported by adequate pain
. management, if necessary. Non-pharmacologic behavioural treatment, recommended for both therapy and pre-
: vention of osteoarthritis, may include lifestyle adjustment strategies to change unhealthy nutritional- and phys-

ical activity habits. Physiotherapy includes isometric muscle activation and strengthening as well as exercises to

increase the aerobic capacity. This option is most suitable for patients with mild osteoarthritis who pursue a still
: sporty lifestyle’. Surgical treatment strategies for advanced osteoarthritis of the knee joint include a partial or total
: knee replacement: These procedures are considered to be a successful treatment for end-stage osteoarthritis of
. the knee regarding pain relief as well as functional improvement. Total knee arthroplasty (TKA) was performed
. predominantly in the elderly, already retired patients for a long time in the past’.

In recent years, a steady rise of patients undergoing TKA could be observed, probably due to higher functional
demands in order to provide an active lifestyle despite of advanced arthritis of the knee or age>®. These circum-
stances have led to an increased number of performed TKAs in both young, still working patients as well as in

. patients of all ages with high sportive requirements’*

The purpose of this follow-up study was to provide comprehensive long-term data about sports activity levels
in patients following TKA and to determine whether pre-operative function, pain and specific performed sports
activities do influence the outcome.

Methods
This study followed accepted ethical, scientific and medical standards and was conducted in compliance with
recognized international standards, including the principles of the Declaration of Helsinki. Informed consent was
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Patient demographics n
Female 193
Male 43
Bilateral 24
Right knee 121
Left knee 91
Excluded 8
Total 236

Table 1. Demographic data of 236 patients (260 knees) who underwent TKA and were followed-up for a
minimum time of ten years (14.9 4- 3.0 years).

obtained from all study participants. The study protocol was approved by the Ethics Committee of the Medical
University of Graz, Austria (23-284 ex 10/11).

Patients. Our arthroplasty database identified 236 patients (260 knees) who have undergone total knee
arthroplasty between 1986 and 2002 and have been actively engaged in sports prior to surgery. All patients
received a cemented total knee arthroplasty with rotating platform (LCS) without patellar-resurfacing at the same
institution.

Eight patients were lost to follow-up and therefore excluded. The data of the remaining patients (236) was
available for final analysis. The patients consisted of 193 female and 43 male patients with an average age of
62.7 £ 11.4 years.

121 patients received TKA on the right, 91 on the left side. 24 patients underwent bilateral total knee
arthroplasty.

Indication, surgical technique and postoperative complications. The indication for TKA was either
primary or secondary grade IV osteoarthritis of the knee. All pre-operative radiographs were assessed using the
Kellgren and Lawrence classification system!°.

All arthroplasties were performed through a medial para-patellar approach at the same department. A
cemented total knee arthroplasty (LCS® COMPLETE Mobile Bearing Total Knee System, DePuy Synthes,
Warsaw, IN) with a rotating-platform polyethylene was used for all patients. Postoperative complications were
observed in seven patients: Aseptic implant loosening occurred in three patients, implant failure (implant break-
ing) in one, polyethylene-wear in one and early periprosthetic infection in one patient as well. One patient suf-
fered from postoperative arthrofibrosis. The mean follow-up time was 14.9 & 3.0 years. The demographic data is
illustrated in Table 1.

Assessment of sports activity. Included patients were asked to provide specific information regarding
exercised types of sports before surgery and after a minimum of 10 years following TKA. The indicated sports
were categorized according to their impact in low-, intermediate and high-impact sports. High impact sports
included jogging, handball, volleyball, basketball, soccer, and squash, intermediate impact sports were such as
badminton, inline-skating, tennis, downhill skiing, cross-country skiing, riding, bowling and rock climbing and
low impact sports included cycling, hiking, Nordic-walking, gymnastics, fitness/weight lifting, dancing, swim-
ming and golf.

Assessment of function, activity levels and pain. Pre- and postoperative function and pain were eval-
uated the by the use of the Tegner Acitivity level Scale!!, the Visual Analogue Scale (VAS)'? and the Western
Ontario & McMaster Universities Osteoarthritis Index (WOMAC)'3. All of these evaluation scores were obtained
immediate preoperatively and during the final follow up (14.9 + 3.0 years).

The Tegner activity level scale is a graduated list of activities of daily living, recreation, and competitive sports.
The patients were asked to select the level of participation that best describes their current level of activity before
surgery and 10 years after TKA. The WOMAC consists of a set of standardized questionnaires to evaluate the
condition of patients with osteoarthritis of the knee including pain, stiffness, and function of the joint.

The Index is graded on a scale from 0 (asymptomatic) to 96 (worst score). Tegner Scale and VAS range from
0to 10.

Statistical analysis. Due to the retrospective design of the study, we have calculated “Observed Post Hoc
Power” according to Hoenig and Heisey!'%. According to this method, post hoc power for differences with a
p-value < 0.01 reveals a value greater than 80% of power.

Spearman correlation coefficient was used to calculate the strength of the correlation between two variables.
Comparison of metric variables between two groups was performed using t-test if normally distributed. In all
calculations a two-sided p-value < 0.05 was considered to be statistically significant. SPSS software version 17.0
for Windows (SPSS, Chicago, IL) was used for data analysis.

Results
Function and activity levels. In order to provide a standardized method of grading work and sporting
activities, the Tegner Acitivity Level Scale was obtained immediate preoperatively and after a mean follow-up
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Figure 1. Tegner and VAS-Score of 236 patients evaluated preoperatively and at minimum follow-up of ten
years - (14.9 4= 3.0 years) after implantation of the low-contact-stress total knee arthroplasty.

time of 14.9 years. According to that, we observed a significant improvement of the preoperative status (Tegner
3.04 £ 1.5 at final follow-up; pre-operatively 2.18 & 1.5) (Fig. 1).

Furthermore, the pre-operative Tegner- and WOMAC Scores revealed significant positive correlations with
the post-operative Tegner Score (r=0.38, p < 0.001 and r=0.65, p < 0.001). These results can be interpreted
in the sense that preoperative preserved function and sports activities do influence the functional outcome
positively.

Age was a significant negative predictor for both the pre- and post-operative Tegner-Score (r= —0.21,
p=0.03andr=—0.31, p<0.001).

Post-surgery complications, as referred to above, were significantly negative correlated with the postoperative
Tegner-Score (3.71 % 1.0; pre-operatively 3.19 & 1.3). No significant differences were detected between women
and men in terms of pre-and postoperative obtained evaluation scores.

Pain. After a mean follow-up time of 14.9 years, a significant improvement of the pre-operative status in terms
of pain VAS 1.42 + 1.8 at final follow-up; pre-operatively 6.93 & 1.8 could be observed as well.
These results are shown graphically in Fig. 1.

Specific sports activities. Before undergoing TKA, all of the patients included in this study practised
at least one of the mentioned sports regularly. After a mean follow-up of 10 years following TKA 169 (70.8%)
patients stayed actively involved in sports.

71.3% of the patients continued practising low-impact sports, especially sports as Swimming, Hiking, Nordic
Walking, Gymnastics and Fitness Training were continued to be exercised.

43.7% continued with intermediate-impact sports, especially Badminton and Inline Skating. Sports like
Tennis and Skiing on the other hand have lost all its active participants over the years.

The worst result could be observed for high impact sports. 83.3% were unable to continue high-impact sports,
such as Jogging, Soccer, Handball, Volleyball etc. following TKA.

Detailed specification on performed sports activities preoperatively and at follow-up is presented in Table 2.

According to the magnitude of differences between per- and postoperative scores, we observed a post hoc
power greater than 80% for the WOMAC (p < 0.001) and Tegner Score (p < 0.001) according to Hoenig and
Heisey!.

Discussion
The purpose of this study was to provide comprehensive data about sports activity levels and the long-term out-
come regarding function and pain following TKA of the knee.

Although several patients do return to high-level sports following TKA, it is not unhesitatingly recommended
by performing surgeons or other occupational groups involved in the patients” treatment'®. This position is sup-
ported by studies that have shown a higher risk for early implant failure such as aseptic loosening and increased
wear caused by greater activity'®-%°. Other studies, by contrast, have found no host factors, particularly increased
activity, associated with loosening and implant wear and TKA is suggested to be an effective and safe treatment
for younger patients as well?'-2. But even the supporters of sport activities following TKA suggest predomi-
nantly sports with minimal impact to the knee, for example swimming, cycling, or power walking?*. The 1999
Knee Society Survey developed a consensus recommendation for sports participation following TKA. They have
classified aerobics (low impact), bicycling (stationary), walking, bowling, golf, Ballroom-dancing, swimming, or
horseback-riding, amongst others, as harmless for patients following TKA. Activities not reccommended include
for example soccer, tennis, volleyball, handball, football, basketball, and jogging25'26.

However, the actual activity is individual and determined by several factors, at least the personal responsibility
of each patient and his attending surgeon.
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Low Impact

Cycling 442 26.1 —18.1
Hiking 43.3 26.4 —16.9
Nordic Walking 30 21.7 —83
Gymnastics 28.9 21.7 -72
Fitness/Weight Training 33 33 0
Dancing 18 8.7 -9.3
Swimming 26.7 19.6 —17
Golf 2.2 2.2 0
Intermediate Impact

Badminton 7.8 33 —4.5
Inline Skating 6.7 1.1 —5.6
Tennis 4.4 0 —4-4
Downhill Skiing 10 0 —10
Cross-country skiing 5.6 0 —5.6
Riding 1.1 0 —-11
Martial Arts 0 0 0
Bowling 3.4 33 —0.1
Rock Climbing 0 0 0
High Impact

Jogging 12.2 2.2 —10
Handball 4.4 1.1 —33
Volleyball 7.8 1.1 —6.7
Basketball 5.6 0 —5.6
Soccer 11.1 2.2 -89
Squash 6.7 1.1 —5.6

Table 2. Evaluation of sports activities of 236 patients after implantation of a low-contact-stress (LCS) total
knee arthroplasty.

In our series we had some patients who continued practising high-impact sports such as jogging, handball,
volleyball, soccer, and squash following TKA. However, it must be stated that the percentage was very low, in
particular when compared to the preoperative data.

According to the Tegner Score, we observed a significant improvement of functional activity in patients who
have undergone TKA for severe osteoarthritis of the knee. This finding is supported by a recent study of Stone et al.,
who described a significant correlation between Kellgren and Lawrence classification and functional improve-
ment in patients who have undergone TKA for severe osteoarthritis, especially for grade III and IV%.

However, sports activity in particular, has decreased according to the impact of sports, from high-,
intermediate- to low-impact, in the investigated series.

A closer look into the patient demographics permits conclusions regarding the age as a limiting factor in terms
of sports activity, especially when considering our long follow-up period. Age, in fact, was recorded to have a neg-
ative impact on both pre-and postoperative activity levels. Accordingly, it can be assumed that particularly elder
patients do not increase their activity levels following TKA, despite of the significant reduction of pain, which
could be observed for the majority of the patients.

Although TKA is considered to be a highly successful treatment option in terms of pain reduction for patients
suffering from end-stage osteoarthritis, the results can be manifold. It is known that about 20% of patients con-
tinue complaining about persisting pain of the affected knee?®-*’. There may be a great range of causes, ranging
from aseptic loosening, instability, anterior knee pain due to patellar maltracking or malbalanced TKAs, over
psychological factors such as depression or anxiety to patient related factors that may influence the outcome
negatively such as age, gender or comorbidities*~*%. In our series we observed a significant improvement of pain
despite of the rather long follow-up period.

We hereby want to underline the following limitations of our work: The information provided in this man-
uscript may be used to inform patients about the expected long-term results in terms of pain-relief, functional
improvement, and ability to perform sports after TKA. Nonetheless, this is a retrospective analysis of prospective
collected data. A further limitation is certainly the lack of a matched control group. In order to attain a higher
level of evidence, a prospective study should be conducted, which is naturally difficult for arthroplasty studies
with a follow-up of ten years. However, we want to underline the benefit that our study evaluated a group of
patients with a minimum follow-up oft ten years, operated on and evaluated by standardized methods.
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Conclusion

Although long-term pain reduction and improved function can be generally expected following TKA, we found
evidence, that post-operative sports ability is positively correlated with pre-operative activity. In fact, we found
considerable sports activities preserved in our population of patients, who have been actively involved to sports
prior to surgery. Notwithstanding these benefits it must be stated that the ability to perform sports has decreased
following TKA according to the sports impact. However, it must be pointed out that a large part of the patients
was able to continue doing low-impact sports.

Moreover, with regard to our results related to the functional outcome following TKA, it may be concluded
that, independent of the extent of degeneration of the knee joint due to osteoarthritis, the functional outcome
is depending to a significant degree on the preoperative functional status as well. We therefore recommend
our patients to preserve or improve their functional status in terms of joint mobility and active participation of
adapted sports for as long as possible before undergoing TKA in order to achieve the best possible results. Possible
strategies may include intensive preoperative movement- and physiotherapy.
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