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programme would demonstrate improvements in functional 
and QoL parameters compared with a control group.
Methods Forty-eight TKA patients were included and 
randomized into either the intervention group (IG; 
n = 25) or the control group (CG; n = 23). The IG par-
ticipated in a 3-month hiking programme (2–3 times a 
week), whereas the CG performed activities of daily 
living. The stair climb test (SCT), QoL questionnaires 
and isokinetic force measurements were completed 
at three time points (i.e. pre-test, post-test, retention-
test). ANOVAs for repeated measurements were con-
ducted for the SCT results. The Friedman test and the 
Mann–Whitney U test were performed for the QoL 
parameters.
Results After the 3-month hiking programme, the IG 
achieved faster overall walking times on the SCT. The time 
decreased from 4.3 ± 0.6 s (pre-test) to 3.6 ± 0.4 s (post-
test) for the stair ascent (p = 0.060) and from 3.6 ± 0.6 s 
(pre-test) to 3.2 ± 0.5 s (post-test) for the stair descent 
(p = 0.036). The IG showed significant improvement on 
some of the subscales of the Knee Injury and Osteoarthritis 
Outcome Score from pre-test to retention-test (p < 0.01). In 
the CG, no significant changes were observed (n.s.).
Conclusions The results indicate moderate improvement in 
the functional abilities and QoL of TKA patients who par-
ticipated in a 3-month guided hiking programme compared 
with the patients in the CG. Hiking did not have any acute 
detrimental effects on the TKA patients during this study 
period.
Level of evidence II.

Keywords Total knee replacement · Sports · QoL · 
Hiking · KOOS · WOMAC · Functional performance

Abstract 
Purpose and hypothesis Improvements in pain, function 
and sports activity are the main goals of patients following 
total knee arthroplasty (TKA). Participation in sports has 
become an increasingly important contributor to patients’ 
quality of life (QoL). Hiking is one of the most popular 
summer activities among elderly people in alpine regions. 
Consequently, this randomized controlled trial investi-
gates the impact of a 3-month guided hiking programme 
on patients’ functional abilities and QoL following TKA. 
It was hypothesized that patients who participate in this 
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Introduction

In the 1980s, pain relief was the main goal for patients 
electing to undergo TKA, followed by improved knee func-
tion. Today, improvements in health-related quality of life 
(HRQoL) [13, 20] and a return to desired activities play an 
increasing role [3, 42, 46] in the decision to undergo sur-
gery. Basically, younger patients are more physically active 
than elderly patients, and a return to an active life and to 
sports plays an important role [12, 16, 42]. However, the 
most common outcome measurements following TKA are 
still clinical and physical examinations and radiographs. It 
has been suggested that patient-reported outcomes be con-
sidered the most important primary outcome in clinical tri-
als [40].

To date, a considerable amount of literature has been 
published on quality of life (QoL) outcomes for patients 
following TKA comparing pre-operative to post-operative 
QoL [8, 14, 32, 33]. For many patients, sports participation 
is closely related to their QoL. While increased sports par-
ticipation following TKA is a concern for many surgeons 
in terms of polyethylene wear and early loosening [11, 15, 
24, 41], patients’ desire to return to a certain sports activity 
has become an important factor in the decision to undergo 
TKA.

A highly debated question is whether participating 
in sports after a TKA is safe and in addition has positive 
effects. Previous studies have reported that sports activity 
leads to wear and loosening of the implant [11, 15, 24, 41]. 
This is in contrast to other studies showing that adjusted 
physical activity reduces wear and loosening [18, 20, 27, 
30, 31, 43]. Previous studies have reported that patients 
with a TKA regularly participate in sports and have shown 
that skiing has a positive effect on patients with TKA [28, 
34].

Despite these facts, there are only limited data on the 
various effects of sports participation among patients with 
a TKA. A study of Korean patients with TKAs verified that 
regular physical activity was associated with greater patient 
satisfaction [10]. More recently, an intervention study on 
the impact of alpine skiing [2, 21, 34] on patients following 
TKAs was published. This 12-week intervention study doc-
umented a positive influence of alpine skiing on a variety of 
important aspects for TKA patients, such as improvements 
in activities of daily living (ADL), QoL and well-being in 
the intervention group [35, 47].

While alpine skiing is a common winter sport in alpine 
regions, hiking is the most common summer activity and 
is especially desirable for the elderly. A significant number 
of patients with TKA participate in sports with a high knee 
load such as alpine skiing and mountain hiking [28]. The 
knee joint is loaded with eight times body weight when 
going downhill. There are recommendations that patients 

following TKA should use skipoles and walk slowly 
when descending to reduce the load on the knee joint [22, 
23]. However, the impact of hiking or mountaineering on 
the implants of TKA patients is not yet clear. The exist-
ing recommendations are more often based on experience 
rather than on research [16, 29, 42].

Thus, to our knowledge this is the first study of the 
effects of hiking on patients with TKAs. Our hypothesis is 
that TKA patients who participate in a 3-month controlled 
hiking programme will demonstrate improvements in func-
tional abilities and QoL criteria compared with a control 
group of TKA patients.

Materials and methods

This present study was a randomized, controlled, mono-
centric study of patients following TKA (EudraCT: 
2015-001451-80). The study was conducted between 
July and December 2015. The study was approved by 
the ethics committee of Medical University Innsbruck 
(AN2015-0080).

Patients with knee osteoarthritis who underwent primary 
TKA were considered for recruitment. First, the subjects 
were examined to determine whether they met the inclu-
sion criteria. Patients (55–75 years old) with a TKA met 
the inclusion criteria if they were 1–5 years post-operative, 
committed to hiking 2–3 times a week over a 3-month 
period and willing to participate. Additionally, written 
informed consent and medical approval from the study 
physicians were required for inclusion. Exclusion criteria 
were a painful contralateral knee, acute illnesses or inju-
ries prior to or during the study, injuries that could affect 
the study results, and chronic diseases for which hiking is a 
contraindication. The patients were randomized into either 
the intervention group (IG) or the control group (CG) using 
block randomization. The study coordinator was responsi-
ble for allocating the patients to either the IG or the CG. 
The IG had a full medical check with routine laboratory 
analyses, spirometry and ECG at rest and an incremental 
cycle ergometry until exhaustion.

Over a 3-month period, the patients in the IG partici-
pated in a guided hiking programme, while those in the 
CG continued their ADLs. The CG was not allowed to go 
hiking during this time. The IG hiked 2–3 times a week 
(25 days total) with a certified hiking guide. The IG was 
allowed to be absent two times and participated on aver-
age 23.6 days. An average hiking tour consisted of a ver-
tical distance of about 400 m, 7 km walking distance and 
took 3.5 h. The hiking tours took place in the area Inns-
bruck and surroundings between an altitude of 563 and 
2148 m above sea level. The hiking paths were well estab-
lished, including gravel paths and forest tracks. The ascent 
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was moderate steep, and an adjusted descent was chosen, 
considering slippery terrain. The mean altitude of the hikes 
was 9870 m for ascent and 9870 m for descent, and the 
mean distance was 194 km. All of the patients used hiking 
poles. The hiking speed was self-selected by the patients. 
All patients measured their heart rate (HR) during the hike 
with a HR watch. The average HR during the hikes was on 
average 55–65 % of the maximum HR, which was based on 
the ergometry data.

All of the subjects underwent a thorough examination 
prior to the intervention period (pre-test), immediately after 
the 3-month intervention period (post-test) and 2 months 
after (retention-test). The IG received radiographs and a 
clinical examination prior to and after the intervention, and 
the Knee Society Clinical Rating Score (KSS) was used for 
clinical scoring. The KSS consists of two parts (knee joint 
and functional score), but we only used the total KSS in 
this study [19].

The primary objective was to demonstrate whether func-
tional abilities, as measured with the SCT, were superior 
in the IG compared with the CG. The secondary objective 
was to evaluate whether the patient-reported outcomes of 
the IG were superior to those of the CG. Additional out-
comes were to compare the objective functional parameters 
with the subjective functional parameters and to illustrate 
the isokinetic force measurements of the subjects with one 
TKA.

The SCT, the isokinetic measurements and the QoL 
questionnaires were completed at the pre-test, post-test and 
retention-test.

The functional parameter was measured with the 
SCT [6, 9], with stair ascent and stair descent measured 
separately. The SCT showed high test–retest reliability 
(r = 0.87) [36] and good interrater reliability (intraclass 
correlation (ICC) 0.94, 95 % confidence interval (CI) of 
0.55–0.98) in patients following TKA [1]. The stair ascent 
test started at the bottom of the stairs, and the patients were 
asked to walk as quickly and as safely as possible. For 
the stair descent, the patients began at the top of 10 steps 
(height 17 cm, depth 28 cm). The test instruction was to 
walk safely. The time it took to ascend and descend a flight 
of stairs was recorded with a stopwatch, starting from the 
time that the subject raised his/her foot off of the first step 
to the time that the subject placed both feet on the ground. 
All of the patients were allowed to practise first. The same 
stairs were used for the pre-test, post-test and retention-test. 
The tester remained at the starting position until the par-
ticipant completed the test. All of the participants were able 
to complete the SCT. Two subjects in the IG preferred to 
use a handrail for safety reasons as they completed the stair 
descent test (pre-test).

The patient-reported outcome was measured with dif-
ferent types of questionnaires. To address the secondary 

objective, the Knee Injury and Osteoarthritis Outcome 
Score (KOOS) was used. The KOOS consists of five sub-
scales, including pain, symptoms, function in daily living 
(ADL), function in sport and recreation (Sport/Rec) and 
knee-related QoL. The possible scores for each subscale 
range from 0 (extreme knee problems) to 100 (no knee 
problems) [37–40]. The Western Ontario and McMas-
ter Universities Osteoarthritis Index (WOMAC) [4, 5] is 
included in the KOOS questionnaire [39] and consists of 
the pain, stiffness and function subscales. Additionally, all 
of the subjects completed the Short Form (SF)-36 [7, 44, 
45]. All of the questionnaires were completely filled out 
(i.e. there were no missing values).

An isokinetic dynamometer (Con-Trex® MJ, CMV AG, 
Zurich, Switzerland) was used to measure the extensor and 
flexor torque. All of the subjects completed a warm-up that 
consisted of 10 min of cycling on a stationary ergometer 
with a cadence of 60–80 rpm. The non-operated knee was 
tested first. The test consisted of a 90-s warm-up on the 
Con-Trex, during which the patients were asked to follow 
the movement and increase their force slowly. Afterwards, 
the patients had 30 s to rest. The testing was performed 
at 60°/s with the quadriceps and hamstring in concentric 
contraction. Each participant performed four consecutive 
repetitions without a pause between repetitions [26]. The 
participants were instructed to push as forcefully as possi-
ble without invoking pain. Afterwards, the contralateral leg 
was tested.

Statistical analysis

For the statistical analysis, IBM® SPSS® Statistics 23 
(SPSS, Armonk, NY, USA) was used. A power calcula-
tion was performed with G*Power 3.1. A total of 20 sub-
jects in each group was needed to provide 95 % power 
to detect the primary objective with an expected differ-
ence between IG and CG of 1.0 ± 0.84 s, assuming a 
two-sided alpha error of 0.05 [34]. To account for pos-
sible dropouts, the study team aimed to recruit a total of 
50 subjects. The mean and standard deviation were cal-
culated for descriptive statistics and were used for sta-
tistical comparison. The Kolmogorov–Smirnov-test was 
performed to test for normal distribution. ANOVAs for 
repeated measurements were performed to assess the dif-
ferences between and within groups. The analyses were 
conducted for the stair ascent and stair descent. The pri-
mary hypothesis was tested with a two-sided significance 
level of 0.05. All of the QoL scores did not follow a 
normal distribution. To analyse the patient-reported out-
comes (measured with the KOOS, WOMAC and SF-36), 
the Friedman test and the Mann–Whitney U test were 
performed. To correct for multiple comparison, we used 
a Bonferroni correction (QoL: p < 0.01; SCT: p < 0.025 



3390 Knee Surg Sports Traumatol Arthrosc (2017) 25:3387–3395

1 3

was considered statistically significant). To show an 
association between the objective (SCT) and subjective 
(KOOS ADL subscale) functional parameters, Spear-
man’s rank correlation was used. A subgroup analysis of 
isokinetic force in patients with one TKA (IG: n = 14; 
CG: n = 18) was performed.

Results

A total of forty-eight patients were enrolled (IG: n = 25, 
CG: n = 23), of which two did not complete the study. 
Thus, forty-six patients completed the study (Fig. 1). In 
both groups, approximately 60 % of the subjects were 
female, and the average age was 67 years. Regarding the 
patients’ demographics at baseline, no statistically sig-
nificant differences between the groups were detectable 
(Table 1).

Primary outcomes

The mean walking times for stair ascent and stair descent 
are shown in Table 2. For the stair ascent, subjects in the 
IG reduced their measured time from 4.3 ± 0.6 s at the pre-
test to 3.6 ± 0.4 s at the post-test, whereas in the CG the 
measured time increased from 4.2 ± 0.9 s at the pre-test to 
4.3 ± 0.9 s at the post-test. For the stair ascent, the group 
difference was not significant (n.s.). However, there was a 
strong significant interaction between time and group, sug-
gesting improvement in the IG compared with no improve-
ment in the CG. For the stair descent, only the time effect 
was significant due to the Bonferroni correction (Table 2).

Secondary outcomes

The KOOS profiles are shown in Fig. 2. Although QoL 
data were not normal distributed, mean and median values 

Fig. 1  Participant flow diagram
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were similar, and therefore only mean and standard devia-
tion were reported. The IG showed significant improve-
ment from pre-test to retention-test in three subscales of the 
KOOS (p < 0.01), whereas the CG showed no significant 
changes (n.s.). However, direct comparison between IG and 
CG at post-test and retention-test did not show any statisti-
cally significant differences (n.s.) (Table 3).

The descriptive statistics for the transformed WOMAC 
are shown in Table 4. No significant changes (n.s.) between 
and within groups were observed in both groups after Bon-
ferroni correction (Table 4).

No statistically significant (n.s.) changes for any of the 
SF-36 subscales were observed for either group at the pre-
test, post-test or retention-test.

Clinical outcome

No acute detrimental effects (such as swelling or increased 
pain) occurred within the study period. Radiographs did 

not document any signs of loosening or increased wear. In 
the IG, the KSS increased significantly from 93.8 ± 4.7 
at the pre-test to 96.6 ± 2.6 at the post-test (p = 0.002), 
in contrast with the pre-test (93.4 ± 4.4) and post-test 
(93.3 ± 4.3) results for the CG (p = 0.732). The body mass 
index (BMI) did not change within the study period.

Additional outcomes

The correlations between the SCT and the ADL subscale 
of the KOOS at the pre-test, post-test and retention-test 
were calculated. A statistically significant correlation was 
only found for the CG at the pre-test (r = −0.447) and the 
retention-test (r = −0.460). For the IG, the mean KOOS 
ADL increased from 86.5 ± 13.5 at pre-test to 92.3 ± 9.7 
at post-test. For the CG, the mean KOOS ADL was almost 
consistent (94.3 ± 4.7 at pre-test; 94.9 ± 5.0 at post-test) 
(Table 3).

The subgroup analysis (of patients with only one TKA) 
of isokinetic force measurement showed that there was no 
significant difference between the IG and the CG. Addi-
tionally, no significant extensor torque difference between 
the operated and unoperated leg occurred. However, a 
strong time effect occurred (p < 0.001). A significant time 
effect was shown for the flexor torque (p = 0.006) and for 
the extensor–flexor torque ratio (p = 0.028).

Discussion

The most important finding of the present study was that 
patients with a TKA who hiked regularly for a period of 
3 months showed moderate improvements in functional 
abilities, as measured with the SCT, compared with patients 
who only performed ADLs.

A recent study aimed to examine the effect of a 12-week 
recreational skiing intervention on functional gait perfor-
mance in patients following unilateral TKA. Twenty-three 
patients (IG: n = 10; CG: n = 13) completed the SCT and 
the timed up-and-go test [34]. That study showed stair 
descent test results that were similar to ours. Pötzelsberger 

Table 1  Patient demographics and baseline characteristics

n number of patients, SD standard deviation, BMI body mass index

Group

IG CG

n %/mean ± SD n %/mean ± SD

Gender

Male 10 40.0 % 9 39.1 %

Female 15 60.0 % 14 60.9 %

Smoking

No 24 96.0 % 22 95.7 %

Yes 1 4.0 % 1 4.3 %

TKA

Left 6 24.0 % 10 43.5 %

Right 8 32.0 % 8 34.8 %

Both sides 11 44.0 % 5 21.7 %

Age (years) 25 67.4 ± 5.0 23 67.4 ± 5.6

Time from surgery to pre-
test (years)

25 2.6 ± 0.9 23 2.8 ± 1.3

BMI 25 29.3 ± 4.8 23 28.6 ± 3.7

Table 2  Mean walking time for stair ascent and stair descent (pre-test, post-test and retention-test)

* Partial Eta squared

** Significant differences after Bonferroni correction (p < 0.025)

Test Group Pre-test (s) Post-test (s) Retention-
test (s)

Time effect (effect 
size*)

Time × group interac-
tion (effect size*)

Group effect (effect 
size*)

Stair 
ascent

IG 4.3 ± 0.6 3.6 ± 0.4 3.5 ± 0.4 p < 0.001** (0.24) p < 0.001** (0.26) p = 0.060 (0.08)

CG 4.2 ± 0.9 4.3 ± 0.9 4.1 ± 0.7

Stair 
descent

IG 3.6 ± 0.6 3.2 ± 0.5 3.1 ± 0.4 p = 0.006** (0.13) p = 0.026 (0.09) p = 0.036 (0.10)

CG 3.7 ± 0.8 3.7 ± 0.7 3.6 ± 0.7
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et al. found a reduced walking time in the IG only for the 
stair descent test from pre-test to post-test, while there was 
no change in the CG. This result is consistent with our data 
for the stair descent test. Additionally, the IG of the pre-
sent study showed statistically significant improvements in 
walking times for the stair ascent test. This effect was likely 
the result of the hiking intervention; the patients in the IG 
were used to such efforts as they had practised ascents for 
3 months while hiking.

Another important finding was that the TKA patients 
who hiked regularly showed a moderately improved QoL. 
We found an enhancement in the QoL of the TKA patients 

who participated in the 3-month guided hiking programme 
compared with the QoL of the patients who only performed 
ADLs. The patients in the IG showed significant improve-
ments in their scores from pre-test to retention-test on three 
subscales of the KOOS. In the CG, no significant changes 
were observed. This might be because the CG achieved bet-
ter QoL scores than the IG at pre-test and post-test. This 
fact could lead to a ceiling effect. Nevertheless, the result 
shows that regular hiking had a positive effect on the 
patient-reported outcome, as measured with the KOOS. 
The SF-36 showed no statistically significant changes in 
any of the subscales for both groups. A possible explana-
tion might be that this questionnaire addresses QoL in gen-
eral and is not disease related, unlike the KOOS [39].

A few studies have compared the pre-operative QoL 
to the post-operative QoL of patients following TKA [8, 
14, 32, 33]. Most of these studies compare the pre- and 
post-operative status of patients who have undergone 
TKA. Núñez et al. [33], for example, demonstrated that 
post-operative patients show significant improvements 
on all three subscales of the WOMAC compared with 
pre-operative patients. Gandhi et al. found similar results 
regarding the WOMAC; additionally, they investigated the 
change in the SF-36 scores. The physical functioning and 
role physical subscale scores improved significantly from 
pre-operation to 1 year post-operation [14]. In a prospec-
tive study, Nilsdotter et al. [32] reported improvements on 
all of the subscales of the KOOS at 6 months post-oper-
ation compared with the pre-operative scores. One study 
showed KOOS results separated by 5 years that were 
comparable with the present results, except for the Sport/
Rec subscale [32]. Compared with the results of Bruyère 
et al., the results of the present study show similar scores 
for the WOMAC pain and stiffness subscales. We observed 
significant differences in the function subscale, in contrast 
with the study of Bruyère (Bruyère: 14.4 vs. present study: 
6.6) [8]. This difference might have occurred because the 
patients in our study were generally very physically active 
and not only maintained but increased their sports activity 
following TKA surgery [17].

A 12-week skiing intervention study showed the positive 
influence of skiing on well-being in the IG [47]. The pre-
sent study found that the 3-month hiking intervention also 
had a positive impact. However, different QoL question-
naires were used; therefore, it is difficult to compare the 
results of the skiing study with our results.

The present study showed that hiking has a positive 
impact on the functional abilities of TKA patients. People 
who had undergone TKA and regularly went hiking were 
able to climb stairs more quickly, and because of the hik-
ing, they felt more confident and safe while climbing stairs 
and during ADLs. Therefore, hiking also affects everyday 
activities; for example, climbing the stairs with grocery 
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bags is easier for people with a TKA who hike regularly. 
The results of the present study can also be used to support 
physicians in their decision making. The KSS increased 
significantly in the IG, even if it is less than the minimal 
clinical important difference identified by Lee [25]. The 
clinical examination prior to and after the intervention 
showed no detrimental effects on short-term clinical out-
comes with respect to radiographic changes.

Moreover, regular hiking by TKA patients led to 
improved QoL, as measured with the KOOS questionnaire. 
This result indicates that the benefits of hiking extend to 
daily life activities, such as doing housework, putting on 
socks or getting into a car. Patients should be informed of 
the positive effect of regular hiking on everyday life. Hik-
ing is “allowed with experience”, according to the 1999 
recommendations from the Knee Society; however, this 
recommendation is based on surgeons’ experience and not 
on evidence-based research [29, 42]. The present study pro-
vides evidence that supports the recommendation of the 
Knee Society.

One limitation of the study concerns the measurement 
tool used during the SCT. According to the literature, a 
stopwatch is appropriate for recording time, but it yields 

measurements that are less accurate than, for example, 
a light barrier. The utilisation of another functional test 
would have been helpful to support and verify the results of 
the SCT. Despite randomization there is the risk for selec-
tion and ascertainment bias. Another limitation is that this 
study did not include a third group that met regularly to 
spend time together doing social activities, such as playing 
cards or playing chess. The psychological effect of group 
activities on the IG patients may have been underestimated. 
Thus, further research is needed to verify that the impacts 
measured in this study are the result of hiking and not the 
psychological effect of social activities. A follow-up is 
planned 1 year after the end of the study to investigate the 
effects on functional abilities, QoL and clinical outcomes.

Conclusions

The group that completed the 3-month hiking programme 
showed moderate improvement in functional parameters 
and QoL. Therefore, it can be concluded that patients who 
have undergone TKA should be encouraged to hike to 
improve their daily lives.

Table 3  Time and group effect 
for the KOOS (pre-test, post-
test, retention-test)

* Significant differences after Bonferroni correction (p < 0.01)

Test Group Time effect Group effect

Post-test Retention-test

KOOS pain IG 0.030 0.145 0.085

CG 0.046

KOOS symptoms IG 0.002* 0.561 0.185

CG 0.067

KOOS ADL IG 0.042 0.730 0.476

CG 0.586

KOOS sport/rec IG 0.005* 0.439 0.321

CG 0.203

KOOS QoL IG <0.001* 0.156 0.171

CG 0.420

Table 4  Mean scores for the transformed WOMAC (pre-test, post-test, retention-test)

Test Group Pre-test Post-test Retention-Test Time effect Group effect

Post-test Retention-test

WOMAC pain IG 92.3 ± 9.2 95.4 ± 7.0 93.0 ± 9.6 0.028 0.557 0.341

CG 94.3 ± 7.3 96.6 ± 5.6 95.8 ± 7.1 0.083

WOMAC stiffness IG 75.5 ± 24.0 84.9 ± 23.3 81.5 ± 20.3 0.025 0.981 0.314

CG 84.1 ± 17.3 86.4 ± 23.4 89.3 ± 9.3 0.353

WOMAC function IG 86.9 ± 12.6 92.3 ± 9.6 90.0 ± 11.9 0.042 0.730 0.476

CG 94.2 ± 4.6 94.8 ± 5.1 94.6 ± 6.4 0.769
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