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K
nee articular cartilage 
lesions occur frequently 
and are a major clinical 
challenge in orthopaedic 

and sports medicine, as well as 
in physical therapy.2,59 Patients

often experience restrictions of daily, 
recreational, and sports activities due to 
functional impairments and disabilities. 
Clinically, patients often present with 
pain and effusion,31,33 as well as muscle 
weakness, poor neuromuscular control, 
and low self-reported knee function.40,45 
Joint effusion reduces range of motion, 
alters proprioceptive input, and poten-
tially leads to muscle reflex inhibition.4,8,25 
Knee function has been shown to be sig-
nificantly worse in patients with articu-
lar cartilage lesions compared to patients 
with anterior cruciate ligament (ACL) in-
jury. Furthermore, quality of life has been 
shown to be affected to the same extent 
in patients with articular cartilage lesions 
as in those with knee osteoarthritis (OA) 

TT STUDY DESIGN: Case series.

TT OBJECTIVES: To evaluate the feasibility of an 
active rehabilitation program for patients with knee 
full-thickness articular cartilage lesions.

TT BACKGROUND: No studies have yet evaluated 
the effect of active rehabilitation in patients with 
knee full-thickness articular cartilage lesions or 
compared the effects of active rehabilitation to 
those of surgical interventions. As an initial step, the 
feasibility of such a program needs to be described.

TT METHODS: Forty-eight patients with a knee full-
thickness articular cartilage lesion and a Lysholm 
score below 75 participated in a 3-month active 
rehabilitation program consisting of cardiovascular 
training, knee and hip progressive resistance train-
ing, and neuromuscular training. Feasibility was de-
termined by monitoring adherence to the program, 
clinical changes in knee function, load progression, 
and adverse events. Patients were tested before 
and after completing the rehabilitation program by 
using patient-reported outcomes (Knee injury and 
Osteoarthritis Outcome Score, International Knee 
Documentation Committee Subjective Knee Evalu-
ation Form 2000) and isokinetic muscle strength 
and hop tests. To monitor adherence, load progres-
sion, and adverse events, patients responded to an 
online survey and kept training diaries.

TT RESULTS: The average adherence rate to the 
rehabilitation program was 83%. Four patients 
(9%) showed adverse events, as they could not 
perform the exercises due to pain and effusion. 
Significant and clinically meaningful improvement 
was found, based on changes on the International 
Knee Documentation Committee Subjective Knee 
Evaluation Form 2000, the Knee injury and Osteo-
arthritis Outcome Score quality of life subscale, 
isokinetic muscle strength, and hop performance 
(P<.05), with small to large effect sizes (standard-
ized response mean, 0.3-1.22).

TT CONCLUSION: The combination of a high 
adherence rate, clinically meaningful changes, and 
positive load progression and the occurrence of 
only a few adverse events support the potential 
usefulness of this program for patients with knee 
full-thickness cartilage lesions. This study was 
registered with the public trial registry Clinical 
Trials.gov (NCT00885729).
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scheduled for total knee replacement.33

There is strong evidence that rehabili-
tation programs, including progressive 
resistance and neuromuscular training, 
have beneficial effects on pain and knee 
function in patients with different mus-
culoskeletal disorders of the lower limb, 
such as knee and hip OA and rupture of 
the ACL.22,28,40,51 However, to our knowl-
edge, no studies have yet evaluated the ef-
fect of active rehabilitation programs in 
patients with articular cartilage lesions 
or compared the effect of rehabilitation 
alone to that of surgical interventions 
followed by postoperative rehabilitation. 
It has been stated that nonsurgical treat-
ment for patients with articular cartilage 
lesions scheduled for cartilage repair is 
considered inappropriate, because most 
symptomatic patients are likely to be 
nonresponders to nonsurgical manage-
ment.52 However, to our knowledge, no 
study has yet shown that these patients 
are nonresponders. Furthermore, there 
is a lack of evidence-based criteria to de-
termine patients’ eligibility for cartilage 
repair.23 No studies have investigated the 
effect of an evidence-based nonsurgical 
rehabilitation program in patients eli-
gible for cartilage repair.39

The multimodality approach in physi-
cal therapy requires a thorough descrip-
tion of the specific exercises that are used, 
including progression, adherence, and 
tolerance to the program. There is some 
evidence that the level of adherence to 
an exercise program is associated with 
effectiveness.50,66 Hence, factors influ-
encing adherence should be considered 
thoroughly when designing a rehabilita-
tion program. In particular, for patients 
with full-thickness articular cartilage 
lesions, tolerance for progression based 
on pain and effusion needs to be de-
scribed.69 Furthermore, current knowl-
edge on cartilage lesion type, size, and 
location should be implemented when 
selecting specific exercises and loading.10 
Cartilage tissue has been shown to be 
sensitive to loading, and maintenance of 
its composition and unique biomechani-
cal properties requires optimal loading.47 

Altered composition of cartilage tissue 
and reduced biomechanical properties 
have been shown to result in pain and ef-
fusion.1,3 In vitro experiments have shown 
that the metabolism of chondrocytes 
can be enhanced by dynamic loading, 
whereas static loading leads to reduced 
synthesis of proteoglycans and poten-
tially to a breakdown of proteoglycans, 
fibrillation of the surfaces, and possible 
cell death.47,60 These in vitro findings are 
consistent with results of animal studies 
and investigations in humans.20,35,64,67 The 
absence of mechanical stimulation has 
been shown to lead to a decrease in carti-
lage thickness, leading to some process of 
cartilage atrophy.35,64,67 However, it is still 
unclear whether and how these findings 
can be directly implemented in the con-
servative management of patients with 
articular cartilage lesions, particularly 
full-thickness articular cartilage lesions.

To our knowledge, no studies have 
examined either the feasibility or ef-
fectiveness of rehabilitation programs 
that aim to target specific dysfunctions 
in patients with knee articular cartilage 
lesions. Prior to investigating the effec-
tiveness of a rehabilitation program in a 
randomized controlled trial, the feasibil-
ity of such a program to target muscle 
weakness and neuromuscular deficits 
should be examined. The feasibility of a 
rehabilitation program should be tested 
by monitoring patients’ adherence to the 
program, clinical changes, and potential 
dose responses, as well as tolerance and 
safety (adverse events). If feasibility is 
demonstrated, the program’s effective-
ness compared to other programs and 
eventually to surgical repair needs to be 
investigated.

The overall purpose of this study was 
to implement a specific nonsurgical reha-
bilitation program for patients with knee 
full-thickness articular cartilage lesions 
who were eligible for cartilage repair. The 
specific aims were to evaluate the feasi-
bility of the program as determined by (1) 
adherence to the rehabilitation program, 
(2) clinical changes in knee function, (3) 
progression of the rehabilitation pro-

gram, and (4) the occurrence of adverse 
events.

METHODS

Patients

F
ifty patients consecutively as-
sessed and considered by an ortho-
paedic surgeon to be candidates 

for cartilage repair were eligible for the 
study. All patients had received physi-
cal therapy interventions prior to the 
orthopaedic surgeon’s assessment. How-
ever, no information was available on 
the physical therapy interventions that 
had been previously provided. Prior to 
inclusion, all eligible patients under-
went a knee arthroscopy to assess the 
cartilage lesion and any associated in-
juries. The arthroscopy was purely diag-
nostic, and no “wash-out” of the joint or 
medication was used other than routine 
medication for diagnostic arthroscopy. 
Patients were eligible for inclusion if 
they had an arthroscopically verified, fo-
cal full-thickness cartilage lesion (grade 
3 or 4 according to the classification of 
the International Cartilage Repair Soci-
ety) with a diameter of 1.5 cm or greater 
and an area of 6 cm2 or less located on 
either femoral condyle. Additional inclu-
sion criteria were that patients had to be 
between 17 and 50 years of age, to have 
no ligamentous instability, and to have 
a Lysholm score of less than 75. Exclu-
sion criteria were untreated meniscal 
injury and inability to participate in the 
rehabilitation program due to geography 
or workload (not able to exercise 2 or 3 
times per week).

Prior to inclusion, all patients signed 
a written informed-consent form. The 
study was approved by The Regional 
Ethical Committee for South-Eastern 
Norway and was performed in accor-
dance with the Declaration of Helsinki.

The Oslo Cartilage Active Rehabilitation 
and Education Program
The feasibility study for the Oslo Carti-
lage Active Rehabilitation and Education 
program was designed to examine adher-
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ence to the program, clinical changes, 
progression during the program, and ad-
verse events, as well as to teach patients 
specific exercises they would potentially 
need to perform postsurgery, as these pa-
tients were all eligible for cartilage repair 
surgery. It was determined that, without 
a patient’s high level of adherence to the 
program, orthopaedic surgeons would 
not perform the surgical repair, based on 
the need for a long and systematic reha-
bilitation program postsurgery to obtain 
good long-term outcomes.16,49,57 Based 
on clinical experience, it may take some 
patients a long time to understand and 
adhere to a rehabilitation program. Fur-
thermore, studies have shown that, for 
other musculoskeletal injuries, good pre-
operative function is essential for good 
postoperative results.21,38,41,65,68 Hence, 
teaching patients appropriate exercises 
to perform and using a structured exer-
cise program to optimize preoperative 
knee function could also be of potential 
benefit for patients with full-thickness 
articular cartilage lesions who require a 
surgical repair.

The exercises used in this study are 
provided in the APPENDIX. The program 
was individualized according to patients’ 
impairments (pain, swelling, muscle 
strength, and neuromuscular control), 
activity limitations, and specific goals. 
The exercises incorporated loading levels 
sufficient to induce both muscle strength 
and neuromuscular control. To improve 
impairments in patients with articular 
cartilage lesions, the exercise parameters 
should be adequate to target muscle 
weakness and neuromuscular control, 
without exacerbating swelling and pain. 
Improved neuromuscular control and 
muscle strength could potentially de-
crease the likelihood of further functional 
decline and increase confidence to safely 
engage in a more physically active life-
style, ultimately resulting in better long-
term function.

The rehabilitation program started 
immediately after patients were included 
in the study. The duration of the program 
was 3 months. During the program, the 

physical therapist focused on explaining 
why the exercises were important and 
how the exercises should be performed 
and adjusted based on pain response and 
other symptoms. The 3-month active re-
habilitation program consisted primarily 
of cardiovascular and knee and hip pro-
gressive resistance and neuromuscular 
training, including balance and plyomet-
ric exercises.

Progressive resistance training for the 
hip and the knee was included to address 
the muscle weakness that is believed to 
play a role in the pathogenesis of OA and 
to precede degenerative changes.34 Mus-
cle weakness, in particular of the quadri-
ceps, may lead to abnormal joint loading 
and potential structural damage, as the 
quadriceps plays a significant role in 
load absorption.36,42 Several studies have 
shown that quadriceps and hamstrings 
strength is directly related to knee func-
tion and disability.37,41,48 In addition, hip 
muscle weakness may influence loading 
patterns in the knee that could be detri-
mental for patients with articular carti-
lage lesions.13 Rehabilitation programs 
that focus on muscle strengthening in pa-
tients with knee OA have demonstrated 
improved pain and knee function, along 
with substantial strength gains.7,27,40

Neuromuscular training consisting 
of balance and plyometric exercises has 
been shown to improve dynamic knee 
stability and knee function in patients 
with knee OA, after ACL reconstruction, 
or with ACL-deficient knees, by enhanc-
ing coordinated muscle activity.12,26,32,55,56

Phases of the Rehabilitation Program
The rehabilitation program was divided 
into 3 phases: (1) accommodation, (2) 
rehabilitation, and (3) return to activity. 
The goal of the accommodation phase 
was to restore joint homeostasis by re-
ducing pain and effusion, to normalize 
range of motion, and to regain quadriceps 
control. This phase included interven-
tions such as cryotherapy; compression; 
electrical muscle stimulation; muscle 
activation of the quadriceps, hamstrings, 
gastrocnemius, and gluteal muscles; and 

gait retraining. In this phase, 2 to 3 su-
pervised physical therapy sessions were 
scheduled for each patient, and attending 
these sessions was the criterion to fulfill 
adherence to the program. Prerequisites 
for progressing to the next phase were no 
pain and swelling during activities of dai-
ly living (ADL); 90° of knee flexion; and 
clinical evaluation of normalized quad-
riceps activity during the initial loading, 
initial contact, and midstance phases of 
gait.

The goal of the rehabilitation phase 
was to resolve knee impairments related 
to range-of-motion deficits, to normal-
ize muscle strength compared to the 
uninjured limb, and to achieve dynamic 
joint stability during ADL. Cardiovas-
cular training on a stationary bike and 
progressive knee and hip resistance and 
neuromuscular training were performed 
in this phase. Attending 2 or more super-
vised physical therapy sessions per week 
was used as the criterion for evaluating 
adherence to the program during the re-
habilitation phase. In addition, patients 
were asked to perform 1 or 2 unsuper-
vised training sessions per week. Criteria 
for progression to the next phase were 
the absence of pain and effusion during 
and after the training sessions, equally 
distributed weight on the lower limbs 
during weight-bearing exercises with no 
shift of the trunk (visually assessed by 
the physical therapists), and the ability 
to stand on 1 limb on a flat surface for at 
least 10 seconds.

The return-to-activity phase was in-
dividualized according to the goals for 
each patient. The criterion for adherence 
during the return-to-activity phase was 
the patients’ attendance of 1 or more su-
pervised sessions per week. Patients were 
also asked to perform resistance training 
for a minimum of 2 and a maximum of 
4 sessions per week, whereas cardiovas-
cular and neuromuscular training could 
be performed daily. The training diary 
was also used to monitor the unsuper-
vised training sessions. Cardiovascular 
training was performed on a stationary 
bike, a treadmill, or a cross-trainer, de-
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pending on availability. The knee and 
hip resistance training consisted of both 
weight-bearing and non–weight-bear-
ing, single- and multiple-joint, as well as 
concentric and eccentric exercises. The 
following exercises were used for knee 
strengthening: leg press, knee extension 
(sitting position), squats (knee bendings) 
with and without external resistance, 
and a stepper. The following were used 
for hip strengthening: abduction/adduc-
tion machine (sitting) and standing on 1 
limb while performing both resisted hip 
abduction and hip adduction with the 
other limb, using a pulley-and-weight 
system. All strengthening exercises were 
performed with both the injured and un-
injured limbs.

For resistance training in the rehabili-
tation and return-to-activity phases, the 
patients performed 2 hip and 3 knee ex-
ercises per session. The exercise dosage, 
frequency, intensity, and duration for re-
sistance training were based on strength 
training guidelines for patients with knee 
OA and on recommendations published 
by the American College of Sports Medi-
cine.7,29 Resistance training performed 
at an intensity of 40% to 60% of the 
1-repetition maximum (1RM) has been 
shown to reduce pain and improve knee 
function in patients with moderate knee 
OA.7,42 But there are no clinical guide-
lines for resistance training for patients 
with articular cartilage lesions in general 
or for full-thickness articular lesions in 
particular. Therefore, in this program, 
the patients performed 3 to 4 sets of 8 
to 10 repetitions using a tolerable load, 
based on the patients’ experience with 
resistance training. Load increase was 
advised if patients were able to perform 
more than 10 repetitions in the previous 
set. Patients ceased exercising for the spe-
cific exercise if pain or effusion occurred 
during the exercise sessions. They were 
advised to come to every exercise ses-
sion because the exercises were tailored 
to the patients’ impairments (pain and 
swelling).

Neuromuscular training consisted of 
1- and 2-legged balance and plyometric 

exercises. Balance exercises were per-
formed on various surfaces (flat and wob-
ble boards), with the aim of maintaining 
balance and optimal lower-limb align-
ment (hip, knee, and ankle). Plyometric 
exercises included double- and single-leg 
hops (APPENDIX). Three of 5 balance exer-
cises were performed per session, with 3 
repetitions of each exercise. Three sets of 
5 repetitions of either double- or single-
leg hops were performed during each 
session.

Adherence
To monitor adherence to the rehabili-
tation program, including both the in-
tended supervised physical therapy and 
unsupervised training sessions, all pa-
tients kept training diaries. These diaries 
were completed during and after each 
supervised physical therapy session and 
after each unsupervised training session, 
to provide information about frequency, 
type of exercise, load progression, and 
number of repetitions. To further docu-
ment adherence and the occurrence of 
adverse events, patients responded every 
second week during the 3-month reha-
bilitation program to an online survey 
(QuestBack Version 9692; QuestBack 
AS, Oslo, Norway). The 3 following ques-
tions were asked: (1) Have you attended 
physical therapy sessions during the last 
2 weeks? (2) How many times a week 
have you visited your physical thera-
pist? and (3) If you haven’t attended the 
physical therapy or training sessions, was 
it due to the knee or other reasons? All 
questions were followed by several pre-
defined answers (closed answers), but it 
was also possible to provide open com-
ments if desired.

Adherence was quantified as the 
number of completed supervised physi-
cal therapy and unsupervised training 
sessions during the 3 phases compared 
to the intended number of supervised 
physical therapy and unsupervised train-
ing sessions for each phase.

Outcome Measures
The patients’ activity level was classified 

on a 0-to-100 scale proposed by Barber-
Westin et al,5 where 0 was no sport par-
ticipation and severe problems during 
ADL and 100 was participating with-
out any problems in high-level pivoting 
sports at a competitive level.

Patient-reported outcome measures, 
isokinetic muscle strength tests for quad-
riceps and hamstrings, and single-leg 
hop tests were used to examine changes 
in knee function from preintervention to 
postintervention. Preintervention testing 
was performed within 15  5 days after 
inclusion in the study but always prior to 
the start of the rehabilitation program. 
Postintervention testing was performed 
10  3 days after completion of the last 
session of the rehabilitation program.

Before testing, patients performed 
a standard 10-minute warm-up on a 
stationary bike. An isokinetic muscle 
strength test for the quadriceps and the 
hamstrings was performed with an iso-
kinetic dynamometer (Biodex 6000; 
Biodex Medical Systems, Inc, Shirley, 
NY). The test was performed using 5 rep-
etitions at an angular velocity of 60°/s.15 
Muscle strength was quantified based on 
peak torque (Nm).

The procedure for single-leg hop tests 
was adapted from the protocol by Noyes 
et al,53 using the 1-leg hop and the triple 
hop for distance. One practice trial was 
followed by 3 test trials, always testing 
the uninjured leg before the injured leg. 
The average distance of the 5 test trials 
was used for analysis. Hop distances were 
measured in centimeters.

Prior to performing the single-leg hop 
tests, the patients completed the 2 self-
report outcome questionnaires: the Knee 
injury and Osteoarthritis Outcome Score 
(KOOS) and the International Knee Doc-
umentation Committee Subjective Knee 
Evaluation Form (IKDC 2000). The 
KOOS consists of 5 dimensions, which 
are reported separately: pain, symptoms, 
ADL, sport, and quality of life.58 The 
IKDC 2000 includes self-evaluation of 
knee pain, stiffness, swelling, and insta-
bility during daily life and sport activi-
ties.30,31 Both of these patient-reported 
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outcome measures have been shown to be 
valid and reliable questionnaires to mea-
sure knee function in patients with artic-
ular cartilage lesions and after cartilage 
repair.6,30 The pain subscale of the KOOS 
and a standard 10-cm visual analog scale 
were used to record pain at preinterven-
tion and postintervention.

Data Analysis
To characterize the cohort and to evaluate 
the training diaries and the online survey, 
descriptive data were calculated as fre-
quencies, mean values, and standard de-
viations. Changes from preintervention 
to postintervention for muscle strength, 
hop performance, and the patient-report-
ed outcomes (KOOS and IKDC 2000) 
were analyzed using a paired t test. An 
unpaired t test was used to evaluate 
significant differences in the outcome 
measures between those patients who 
returned their training diaries (n = 31) 
and those who did not return their dia-
ries (n = 13). The standardized response 
means (SRMs) were calculated for the 
isokinetic muscle strength tests, single-
leg hop tests, and the KOOS and IKDC 
2000 scores. SRMs between 0.5 and 0.8 
are considered moderate and those above 
0.8 large.9 For all data, a probability level 
of P<.05 was used to determine statistical 
significance.

RESULTS

Patient Characteristics

T
he  mean    SD  age  of  the  pa-
tients (n = 48) was 34.1  13.4 
years. The average  SD size of the 

articular chondral defect was 2.9  1.3 
cm2, with 37 of the lesions located on 
the medial and 11 on the lateral femoral 
condyle, respectively. Four patients did 
not complete the rehabilitation program 
or the postintervention testing session  
(FIGURE 1). Our data indicated that these 4 
patients attended the supervised physical 
therapy sessions during the accommoda-
tion phase and completed some unsu-
pervised training sessions during the 
rehabilitation phase. They then declined 

further participation in the study due to 
a reduction in symptoms. There were no 
differences in the baseline data of those 4 
patients compared to the 44 patients who 
completed the rehabilitation program.

Thirteen patients lost their training 
diary; however, data from the online 
surveys and physical therapy clinical re-
cords documented that these 13 patients 
attended all 3 rehabilitation phases. The 
characteristics of all 44 patients who 
completed the program and the subset of 
31 patients who also returned their train-
ing diaries are provided in TABLE 1. There 
were no significant differences in the 
characteristics of those 31 patients who 
returned the training diaries versus the 
13 who did not.

Based on self-report, for all 44 pa-
tients, a significant improvement 
(P<.001) in activity level5 was noted from 
preintervention (mean  SD, 39.1  
28.0; range, 0-90) to postintervention 
(52.6  24.9; range, 20-90).

Thirty-one patients (65%) postponed 
the planned surgery after finishing the 

3-month active rehabilitation program, 
whereas the other 17 patients (35%) decid-
ed to proceed with cartilage repair surgery.

Adherence
The response rate to the online survey 
was 82% (36 of 44), and 70% (31 of 44) 
of the patients returned their training 
diaries. The patients who returned their 
diaries (n = 31) completed on average 2.7 
(range, 1-5) supervised physical therapy 
sessions per week during the accommo-
dation phase (weeks 1 and 2). During the 
rehabilitation phase (weeks 3-8), an aver-
age of 2.3 (range, 1-5) supervised physical 
therapy sessions and unsupervised train-
ing sessions were completed. Therefore, 
88% of the intended sessions (both super-
vised physical therapy and unsupervised 
training sessions) were completed by the 
participants (n = 31). During the return-
to-activity phase (weeks 9-12), an average 
of 2.3 (range, 1-5) supervised physical 
therapy and unsupervised training ses-
sions were completed, indicating an ad-
herence rate of 77%. The total adherence 

Eligible, n = 50

Included, n = 48

Preintervention testing, n = 48

3-mo rehabilitation, n = 44

Postintervention testing, n = 44

Not fulfulling inclusion criteria, n = 2

Lost to follow-up (withdrawal), n = 4

Training diaries, n = 31
Missing diaries (lost), n = 13

FIGURE 1. Flow chart of the study.
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rate for the rehabilitation and return-to-
activity phases was 83% (FIGURE 2).

Progression
During the first week, patients performed 
cardiovascular training primarily on a 
stationary bike for an average  SD dura-
tion of 84  177 minutes per week. Dur-
ing the 12th week, the patients decreased 
the time of cardiovascular training to 76 
 115 minutes per week. Neuromuscular 
training was initiated with performing 82 
 42 repetitions per week and increased 
to 99  45 repetitions per week at week 
12, with the number of repetitions being 
evenly distributed over the 4 different ex-

ercises. For the knee and hip resistance 
exercises, repetitions decreased and load 
increased through the course of the train-
ing program (FIGURES 3 and 4).

Adverse Events Related to Training
Four of 44 patients (9%) who participat-

ed in the training program were unable to 
perform the resistance and neuromuscu-
lar training portions of the program due 
to pain and effusion. Therefore, these pa-
tients only completed the cardiovascular 
portion of the training. These 4 patients 
did not differ in any way from the other 
subjects (lesion type, location, range of 
motion, or muscle strength).

Knee Function
TABLE 2 provides data on changes in knee 
function and their related SRMs for the 
patient-reported outcomes, the isokinetic 
muscle strength tests, and the single-leg 
hop tests for all patients who completed 
the 3-month rehabilitation program (n = 
44) and the subset of these patients who 
also returned their training diaries (n = 
31). There was no significant difference 
between the changes in the 31 patients 
who returned their training diaries and 
those in the 13 patients who did not 
(P>.05).

Patient-Reported Outcomes
The IKDC 2000 score significantly im-
proved from preintervention to postin-
tervention (P<.001). This change was 
considered clinically important, as the 
minimum detectable change (MDC) for 
the IKDC 2000 in patients with cartilage 
injuries and after cartilage surgery is re-
ported to be 6.3 points.30

FIGURE 5 illustrates the KOOS scores 
at preintervention and postintervention 
for all patients. The changes and related 
SRMs for all subscales of the KOOS are 
presented in TABLE 2. There were mod-
erate effect sizes (SRM, 0.5-0.8) for the 
sport and quality of life subscales. Signifi-
cant improvement only occurred for the 
quality of life (P<.0001) subscale.

Quadriceps and Hamstrings  
Muscle Strength
There was a significant improvement 
(P<.001) in quadriceps and hamstrings 
muscle peak torque of the injured knee, 
with corresponding large SRM values 
(greater than 0.8), from preintervention 
to postintervention (FIGURES 6 and 7). The 

TABLE 1
Characteristics of All Patients and Those 

Who Returned the Training Diaries

*Values are mean (range).
†Values are mean  SD.

All Patients (n = 44) Diary Patients (n = 31)

Gender (female/male), n 13/31 9/22

Age, y* 34.0 (17-50) 34.6 (17-50)

Body mass index, kg/m2† 26.8  5.1 26.1  4.4

Defect size, cm2† 2.9  1.3 3.0  1.4

Defect location (medial/lateral), n 33/11 23/8

Duration of symptoms, mo† 46.6  52.0 42.1  52.0

Previous surgeries† 1.9  0.8 1.9  0.8

25%

32%

32%

7%5%

PT/TS 1 time per wk PT/TS 2 times per wk
PT/TS 3 times per wk

PT/TS 5 times per wk
PT/TS 4 times per wk

FIGURE 2. Percentage of patients per frequency 
of performing supervised PT and unsupervised TS 
during the 12-week program. Abbreviations: PT, 
physical therapy; TS, training sessions.

0

Preintervention

Hip

Postintervention

5
10
15
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40
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FIGURE 3. Average  SD load used for hip and 
knee resistance exercises preintervention and 
postintervention (n = 31).
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FIGURE 4. Average  SD number of repetitions 
used for the hip and knee resistance exercises 
preintervention and postintervention (n = 31).
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[ research report ]
mean changes in quadriceps and ham-
strings muscle strength for all patients 
and for those returning the diaries were 
above the measurement error (quadri-
ceps, 22.76 Nm; hamstrings, 15.44 Nm) 
(TABLE 2).45

Single-Leg Hop Tests
TABLE 2 presents the changes for all pa-
tients and for those who returned the 
diaries for the 1-leg hop and the triple 
hop tests for the injured leg. For the 1-leg 
hop, there was a significant increase in 
distance from preintervention to post-
intervention (P<.001), with a moderate 
effect size (SRM, 0.66). The mean im-
provement for all patients was 28.7 cm, 
and 26 cm for those who returned the 
diaries. Both values are higher than the 
previously reported 12.78-cm MDC for 
patients with meniscal and cartilage le-
sions.45 For the triple hop tests, the mean 
changes of 101.9 cm for all patients and 
100.3 cm for those returning the training 
diaries were significant and larger than 
the previously reported 30.96-cm MDC.45

DISCUSSION

T
o  our  knowledge,  this  is  the 
first study to evaluate the feasibil-
ity of a rehabilitation program for 

patients with full-thickness articular 
cartilage lesions affecting the femoral 
condyles of the knee. We determined that 
the Oslo Cartilage Active Rehabilitation 
and Education program was feasible in 
terms of adherence to the rehabilitation 
program, led to clinically meaningful 
changes in knee function, allowed pro-
gression of exercise load and repetitions, 
and resulted in only a few joint-specific 
adverse events related to training. We 
were able to improve knee function in 
the majority of these patients, and 65% 
of them postponed their appointment 
for cartilage repair at least short term. 
These patients with knee full-thickness 
articular cartilage lesions had symp-
toms 3 to 4 years prior to entering the 
program, a low Lysholm score (less than 
75), and a low activity level.5 They had 

an average self-reported score of 39 out 
of 100 preintervention and 53 out of 
100 postin tervention but showed a large 
variation in scores on both testing occa-
sions (0-90).

Adherence to this program was moni-
tored by the use of training diaries and 
an online survey. The return rate of these 
diaries was 70%, although we have data 

that those who did not return their train-
ing diaries attended physical therapy 
sessions and came to the posttesting. 
The response rate of the online survey 
was 82%. The online survey provided 
information about the adherence to the 
supervised physical therapy sessions, 
indicating that all intended supervised 
physical therapy sessions were complet-

TABLE 2
Change From Preintervention   

to Postintervention and the SRM   
for All Outcome Measures

Abbreviations: ADL, activities of daily living; IKDC 2000, International Knee Documentation Com-
mittee Subjective Knee Evaluation Form; KOOS, Knee injury and Osteoarthritis Outcome Score; QL, 
quality of life; SRM, standardized response mean.
*Values are mean  SD for the injured limb.
†n = 44.
‡Those who returned the training diaries (n = 31).
§Changes are statistically significant (P<.05).

Outcome Measure/Group Change* SRM

KOOS pain (0-100)

All patients† 5.9  16.4 0.36

Diary patients‡ 4.9  16.8 0.30

KOOS symptoms (0-100)

All patients† 7.6  15.4 0.49

Diary patients‡ 5.8  14.2 0.41

KOOS ADL (0-100)

All patients† 5.6  16.4 0.34

Diary patients‡ 3.4  17.4 0.19

KOOS sport (0-100)

All patients† 16.1  24.5 0.65

Diary patients‡ 11.6  21.7 0.53

KOOS QL (0-100)

All patients† 12.2  16.4§ 0.74

Diary patients‡ 10.5  15.5§ 0.67

IKDC 2000 (0-100)

All patients† 10.6  15.8§ 0.68

Diary patients‡ 8.7  14.8§ 0.59

Quadriceps peak torque, Nm

All patients† 41.3  33.8§ 1.22

Diary patients‡ 33.7  33.8§ 1.00

Hamstrings peak torque, Nm

All patients† 23.3  21.5§ 1.09

Diary patients‡ 18.9  19.1§ 0.99

1-leg hop, cm

All patients† 28.7  43.2§ 0.66

Diary patients‡ 26.0  49.4§ 0.53

Triple hop, cm

All patients† 101.9  135.7§ 0.75

Diary patients‡ 100.3  154.3§ 0.65
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ed. The reason for implementing both 
the online survey and the training dia-
ries was to gain more information about 
adherence to the rehabilitation program. 
Most patients reported that the train-
ing diaries were easy to complete, and 
that the online survey would likely not 
be needed to monitor adherence during 
such a program.

The total adherence to the rehabilita-
tion and return-to-activity phases was 
83%, which is comparable to a previ-
ously reported24,54 adherence rate of 85% 
for a 3-month exercise program for pa-
tients with knee OA. Adherence to reha-
bilitation has been shown to be crucial to 
preserving physical performance, self-re-
ported knee function, and pain reduction 
in patients with knee OA.50 Adherence to 
a rehabilitation program also influences 
pain, quality of life, and physical perfor-
mance in patients with knee OA.50,62 Few 
studies have been designed to investigate 
factors that influence adherence to a 
program.50 One major factor seems to be 
the duration of the program, with a pro-
gressive decline in adherence (85% for a 
3-month program, 70% for a 9-month 

program, and 54% for an 18-month 
program) as the intervention becomes 
longer.24,54

The high adherence rate in our study 
may also be attributed to the study’s fo-
cus on patient education, which has pre-
viously been shown to be an important 
factor to increase adherence in patients 
with knee and hip OA.50 Qualitative stud-
ies have also demonstrated that some 
patients express doubt as to whether ex-
ercise will be beneficial or detrimental to 
their injury. Such doubt could reduce pa-
tients’ willingness to exercise.11,63

Clinically significant improvements in 
both quadriceps (41.3  33.8 Nm) and 
hamstrings (23.3  21.5 Nm) muscle 
strength were found in this study. The 
MDCs for quadriceps and hamstrings 
strength have been reported to be 22.76 
and 15.44 Nm, respectively.45 To our 
knowledge, no previous studies have 
reported changes in isokinetic muscle 
strength after exercise interventions in 
patients with articular cartilage lesions 
in general or in those with full-thickness 
articular cartilage lesions in particular. 
However, studies evaluating the effect of 

resistance training have been reported in 
patients with knee OA.40,42 King et al42 
evaluated the effects of a 12-week, high-
intensity muscle strength program for pa-
tients with medial knee OA. They found 
an improvement in isokinetic quadri-
ceps strength (60°/s) of 33.6 Nm and in 
hamstrings strength of 23.5 Nm after 12 
weeks of resistance training.42 Another 
study40 compared the clinical effects of 
high- and low-resistance training for pa-
tients with knee OA. The high-resistance 
training group demonstrated an increase 
in isokinetic quadriceps strength (60°/s) 
of 6.7 Nm and hamstrings strength of 
14.4 Nm. The low-resistance group had 
an improvement in quadriceps strength 
of 11.5 Nm and hamstrings strength of 
14.2 Nm.40 Our patients with full-thick-
ness articular cartilage lesions had a 
larger improvement in both quadriceps 
and hamstrings muscle strength after a 
3-month exercise program compared to 
these patients with knee OA.

0
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FIGURE 5. Average  SD KOOS scores preintervention and postintervention (n = 44). Abbreviations: ADL, activities 
of daily living; KOOS, Knee injury and Osteoarthritis Outcome Score; QL, quality of life.
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FIGURE 6. Average  SD isokinetic quadriceps 
muscle strength for the injured and uninjured limbs 
preintervention and postintervention (n = 44).
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FIGURE 7. Average  SD isokinetic hamstrings 
muscle strength in the injured and uninjured limbs 
preintervention and postintervention (n = 44).
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Resistance exercises for patients with 

articular cartilage lesions should involve 
sufficient loading to induce central and 
peripheral changes to increase muscle 
strength and neuromuscular control 
without aggravating pain and effusion. 
One rationale for including resistance 
exercises was that quadriceps muscle 
strength deficits have been outlined as a 
major issue in the long-term evaluation 
of patients after cartilage repair.17,44,46 
However, detailed exercise prescription 
in terms of exercise dosage (type, fre-
quency, intensity, duration) and criteria 
for progression for patients with articular 
cartilage lesion is missing in the litera-
ture. The basic concept of exercise dos-
age used in our rehabilitation program 
was based on strength training guide-
lines for patients with knee OA and on 
recommendations for healthy adults pub-
lished by the American College of Sports 
Medicine.7,29 Muscle strength training 
guidelines recommend that exercises for 
the major muscle groups be performed 
2 to 3 times per week. Performing exer-
cises at 40% to 50% of the 1RM has been 
shown to be efficient in improving muscle 
strength in sedentary people, and exercis-
ing at 60% to 70% of the 1RM has been 
shown to improve muscle strength for in-
dividuals at novice to intermediate levels 
of fitness. In addition, performing 2 to 4 
sets of 8 to 12 repetitions has been recom-
mended to increase strength and power 
in adults. McKnight et al51 assessed the 
effectiveness of combining self-manage-
ment and resistance training in middle-
aged patients with early knee OA. The 
participants started with 2 sets of 6 rep-
etitions and increased to 2 sets of 10 rep-
etitions using the same resistance.51 Jan 
et al40 compared the effects of high- and 
low-resistance exercises in elderly people 
with mild to moderate knee OA. The low-
resistance group performed 10 sets of 15 
repetitions using 10% of the 1RM. The 
high-resistance group performed 3 sets 
of 8 repetitions using 60% of the 1RM. 
They demonstrated that both high- and 
low-resistance training significantly im-
proved clinical outcomes such as pain, 

function, walking time, and muscle 
torque.40 We did not measure the 1RM in 
our study due to concerns that high joint 
loads might aggravate pain and effusion. 
The initial load for the resistance exer-
cises was based on the patients’ percep-
tion of their maximum tolerable load to 
complete 3 sets. The physical therapist 
adjusted the weights based on input from 
the patient and to ensure progression 
over time. In future studies, the 1RM of 
the uninjured leg could provide the ba-
sis of an initial load for the injured leg. 
Alternatively, the 8RM to 10RM for the 
injured leg could be assessed and used. 
Our data indicated that load progression 
was possible with improvement in knee 
function and without aggravating pain 
and effusion.

The Oslo Cartilage Active Rehabili-
tation and Education program included 
both knee and hip resistance exercises. 
The quadriceps is the most studied 
muscle group in patients with knee OA 
or other knee injuries. The rationale for 
implementing hip resistance exercises 
in patients with knee articular cartilage 
lesions was based on recent literature 
demonstrating that hip muscle weakness 
may change knee loading patterns in pa-
tients with knee OA.13,34 This could have 
consequences for patients with articular 
cartilage lesions as well. Furthermore, a 
correlation between knee pain/function 
and hip muscle strength has previously 
been reported.13 Hip muscle resistance 
exercises were well accepted and toler-
ated by our patient group, as shown by 
the reported load progression (FIGURE 3). 
Load progression was higher for the hip 
resistance exercises compared to the knee 
resistance exercises. The initial position 
of the hip resistance exercises (mainly sit-
ting) exerts less load across the knee than 
the initial position of the knee resistance 
exercises (mainly standing). Because we 
did not measure hip strength, we could 
not provide information on whether hip 
muscle strength had an impact on our 
results. Thus, we suggest that further in-
vestigations include hip muscle strength 
tests to evaluate clinically meaningful 

changes and to examine the effect of hip 
muscle strength compared to knee mus-
cle strength in patients with articular car-
tilage lesions.

The mean KOOS and IKDC 2000 
scores preintervention were comparable 
to the preoperative KOOS scores of pa-
tients included in studies evaluating pa-
tients undergoing cartilage repair.14,18,19,44 
We found improvement in the IKDC 
2000 and all subscales of the KOOS 
from preintervention to postinterven-
tion. However, statistically significant im-
provement was only noted for the IKDC 
2000 and the quality of life subscale of 
the KOOS. In addition, the change on 
the IKDC 2000 was 10.6 points, which 
is greater than previously reported mea-
surement error.30 The MDC of the IKDC 
2000 score for patients with cartilage in-
juries and after cartilage repair has been 
reported to be 6.3 points.30 Ebert et al19 
reported outcomes 1 year after matrix-
associated autologous chondrocyte im-
plantation that showed improvements in 
the KOOS subscales of pain, symptoms, 
ADL, sport, and quality of life of 16, 14, 11, 
33, and 23 points, respectively. In a study 
evaluating the clinical effects of scaffold-
assisted autologous chondrocyte grafts, 
Kreuz et al44 reported improvements in 
the KOOS subscales of pain, symptoms, 
ADL, sport, and quality of life of 16, 8, 17, 
36, and 25 points, respectively. Based on 
results of previous studies, it is likely that 
these changes on the KOOS are clinically 
relevant. In contrast to these large chang-
es, some studies of patients after cartilage 
repair have indicated smaller short-term 
changes on the KOOS, similar to those 
reported in our study.14,18

This study showed that the active 
rehabilitation program was feasible for 
patients with full-thickness articular 
cartilage lesions and could be used to 
improve knee function in this patient 
population, irrespective of further deci-
sion on surgical treatment. As a preop-
erative rehabilitation program, it can be 
used to determine adherence to rehabili-
tation, as adherence to a rehabilitation 
program postsurgery is considered es-

43-05 Wondrasch.indd   318 4/17/2013   3:51:47 PM

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
 

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.jo

sp
t.o

rg
 a

t N
or

ge
s 

Id
re

tts
ho

eg
sk

ol
e 

on
 J

an
ua

ry
 2

8,
 2

01
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

3 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



journal of orthopaedic & sports physical therapy | volume 43 | number 5 | may 2013 | 319

sential for optimal long-term outcome 
after cartilage repair.16,49 Previous studies 
on patients with total knee arthroplasty, 
high tibial osteotomy, and following ACL 
reconstruction have shown that good pre-
operative knee function significantly in-
fluences postoperative outcomes.22,38,41,65 
However, this study cannot establish 
whether this program is optimal, as it 
was not compared to other more or less 
aggressive options.

Based on the significant improvement 
in knee function demonstrated in these 
patients, one should consider whether a 
rehabilitation program alone could be a 
reasonable and successful treatment op-
tion for patients with articular cartilage 
lesions. Compared to the success rate of 
treatment of other knee disorders, sur-
gical treatment of articular cartilage le-
sions has not shown convincing results 
in reducing symptoms.33,43,61 In addi-
tion, which surgical technique provides 
the best long-term outcome for patients 
with articular cartilage lesions is debated. 
These results could provide a basis for 
investigating the effectiveness of various 
rehabilitation programs and comparing 
nonsurgical versus surgical intervention 
in this population.

Limitations
An inherent limitation of this study is 
that it did not include a control group 
and did not have a randomized controlled 
design, and could not, therefore, provide 
evidence that this rehabilitation program 
is superior to other treatment regimes. 
Furthermore, this study did not provide 
information about the effect of exercises 
on structural disease progression. De-
spite the small number of patients (9%) 
who experienced joint-specific adverse 
events during the training period, we 
cannot conclude that this program is safe 
in terms of preventing further damage to 
the articular cartilage tissue. Therefore, 
we are not able to state whether an active 
rehabilitation program in patients with 
articular cartilage lesions would help re-
duce the likelihood of progressive devel-
opment of OA.

CONCLUSION

A 
3-month active rehabilitation 
program for patients with full-
thickness articular cartilage le-

sions of the femoral condyle is feasible 
and demonstrated clinically meaningful 
changes, few joint-specific adverse events 
related to the training, load progression, 
and good adherence. A nonsurgical inter-
vention approach in this patient popula-
tion should, therefore, be considered, 
regardless of the intent of having surgical 
cartilage repair. t

KEY POINTS
FINDINGS: This 3-month active rehabili-
tation program for patients with full-
thickness articular cartilage lesions of 
the femoral condyle was feasible, as de-
termined by good adherence, clinically 
meaningful changes, load progression, 
and few adverse events related to the 
training.
IMPLICATIONS: A nonsurgical rehabilita-
tion program should be considered in 
this population, regardless of the intent 
of eventually having surgery.
CAUTION: This single-group prospective 
study precludes comparisons with a 
control group or alternate rehabilitation 
programs. No evaluation of the cartilage 
was performed postintervention.

ACKNOWLEDGEMENTS: We acknowledge the 
Sport Medicine Clinic NIMI (www.nimi.
no) for supporting the Norwegian Research 
Center for Active Rehabilitation (www.active-
rehab.no) with rehabilitation facilities and 
a research coordinator. We further want to 
thank the Vienna Sports Medicine Center, the 
OSM Research Foundation, and the St Pölten 
University of Applied Sciences for supporting 
the PhD studies of the first author. We also 
acknowledge grant support from the Sophies 
Minde Foundation in Oslo, Norway.

REFERENCES

 1.   Alford JW, Cole BJ. Cartilage restoration, part 
1: basic science, historical perspective, patient 
evaluation, and treatment options. Am J Sports 
Med. 2005;33:295-306.

 2.   Årøen A, Løken S, Heir S, et al. Articular carti-
lage lesions in 993 consecutive knee arthrosco-
pies. Am J Sports Med. 2004;32:211-215.

 3.   Arokoski JP, Jurvelin JS, Väätäinen U, Helminen 
HJ. Normal and pathological adaptations of 
articular cartilage to joint loading. Scand J Med 
Sci Sports. 2000;10:186-198. http://dx.doi.
org/10.1034/j.1600-0838.2000.010004186.x

 4.   Baker V, Bennell K, Stillman B, Cowan S, Cross-
ley K. Abnormal knee joint position sense in 
individuals with patellofemoral pain syndrome. 
J Orthop Res. 2002;20:208-214. http://dx.doi.
org/10.1016/S0736-0266(01)00106-1

 5.   Barber-Westin SD, Noyes FR, McCloskey JW. Rig-
orous statistical reliability, validity, and respon-
siveness testing of the Cincinnati Knee Rating 
System in 350 subjects with uninjured, injured, 
or anterior cruciate ligament-reconstructed 
knees. Am J Sports Med. 1999;27:402-416.

 6.   Bekkers JE, de Windt TS, Raijmakers NJ, Dhert 
WJ, Saris DB. Validation of the Knee Injury and 
Osteoarthritis Outcome Score (KOOS) for the 
treatment of focal cartilage lesions. Osteoarthri-
tis Cartilage. 2009;17:1434-1439. http://dx.doi.
org/10.1016/j.joca.2009.04.019

 7.   Bennell KL, Hinman RS. A review of the clinical 
evidence for exercise in osteoarthritis of the hip 
and knee. J Sci Med Sport. 2011;14:4-9. http://
dx.doi.org/10.1016/j.jsams.2010.08.002

 8.   Bennell KL, Hinman RS, Metcalf BR, et al. Rela-
tionship of knee joint proprioception to pain and 
disability in individuals with knee osteoarthritis. 
J Orthop Res. 2003;21:792-797. http://dx.doi.
org/10.1016/S0736-0266(03)00054-8

 9.   Bent NP, Wright CC, Rushton AB, Batt ME. Se-
lecting outcome measures in sports medicine: 
a guide for practitioners using the example of 
anterior cruciate ligament rehabilitation. Br J 
Sports Med. 2009;43:1006-1012. http://dx.doi.
org/10.1136/bjsm.2009.057356

 10.   Brittberg M, Imhoff A, Madry H, Mandelbaum 
B, eds. Current Concepts in Cartilage Repair. 
Guildford, UK: DJO Publications; 2010.

 11.   Campbell R, Evans M, Tucker M, Quilty B, Dieppe 
P, Donovan JL. Why don’t patients do their 
exercises? Understanding non-compliance with 
physiotherapy in patients with osteoarthritis 
of the knee. J Epidemiol Community Health. 
2001;55:132-138.

 12.   Chmielewski TL, Hurd WJ, Rudolph KS, Axe 
MJ, Snyder-Mackler L. Perturbation training 
improves knee kinematics and reduces muscle 
co-contraction after complete unilateral an-
terior cruciate ligament rupture. Phys Ther. 
2005;85:740-749; discussion 750-754.

 13.   Costa RA, Oliveira LM, Watanabe SH, Jones A, 
Natour J. Isokinetic assessment of the hip mus-

43-05 Wondrasch.indd   319 4/17/2013   3:51:48 PM

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
 

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.jo

sp
t.o

rg
 a

t N
or

ge
s 

Id
re

tts
ho

eg
sk

ol
e 

on
 J

an
ua

ry
 2

8,
 2

01
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

3 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

http://dx.doi.org/10.1034/j.1600-0838.2000.010004186.x
http://dx.doi.org/10.1034/j.1600-0838.2000.010004186.x
http://dx.doi.org/10.1016/S0736-0266(01)00106-1
http://dx.doi.org/10.1016/S0736-0266(01)00106-1
http://dx.doi.org/10.1016/j.joca.2009.04.019
http://dx.doi.org/10.1016/j.joca.2009.04.019
http://dx.doi.org/10.1016/j.jsams.2010.08.002
http://dx.doi.org/10.1016/j.jsams.2010.08.002
http://dx.doi.org/10.1016/S0736-0266(03)00054-8
http://dx.doi.org/10.1016/S0736-0266(03)00054-8
http://dx.doi.org/10.1136/bjsm.2009.057356
http://dx.doi.org/10.1136/bjsm.2009.057356


320  |  may 2013  |  volume 43  |  number 5  |  journal of orthopaedic & sports physical therapy

[ research report ]
cles in patients with osteoarthritis of the knee. 
Clinics (São Paulo). 2010;65:1253-1259. http://
dx.doi.org/10.1590/S1807-59322010001200006

	14.   Dhollander AA, Verdonk PC, Lambrecht S, et 
al. Short-term outcome of the second genera-
tion characterized chondrocyte implantation 
for the treatment of cartilage lesions in the 
knee. Knee Surg Sports Traumatol Arthrosc. 
2012;20:1118-1127. http://dx.doi.org/10.1007/
s00167-011-1759-7

	15.   Dvir Z. Isokinetics: Muscle Testing, Interpretation 
and Clinical Applications. 2nd ed. London, UK: 
Elsevier/Churchill Livingstone; 2004.

	16.   Ebert JR, Fallon M, Zheng MH, Wood DJ, 
Ackland TR. A randomized trial comparing 
accelerated and traditional approaches to 
postoperative weightbearing rehabilitation 
after matrix-induced autologous chondro-
cyte implantation: findings at 5 years. Am J 
Sports Med. 2012;40:1527-1537. http://dx.doi.
org/10.1177/0363546512445167

	 17.   Ebert JR, Lloyd DG, Wood DJ, Ackland TR. 
Isokinetic knee extensor strength deficit fol-
lowing matrix-induced autologous chondrocyte 
implantation. Clin Biomech (Bristol, Avon). 
2012;27:588-594. http://dx.doi.org/10.1016/j.
clinbiomech.2012.01.006

	18.   Ebert JR, Robertson WB, Lloyd DG, Zheng MH, 
Wood DJ, Ackland T. Traditional vs accelerated 
approaches to post-operative rehabilitation fol-
lowing matrix-induced autologous chondrocyte 
implantation (MACI): comparison of clinical, 
biomechanical and radiographic outcomes. Os-
teoarthritis Cartilage. 2008;16:1131-1140. http://
dx.doi.org/10.1016/j.joca.2008.03.010

	19.   Ebert JR, Robertson WB, Woodhouse J, et al. 
Clinical and magnetic resonance imaging-based 
outcomes to 5 years after matrix-induced au-
tologous chondrocyte implantation to address 
articular cartilage defects in the knee. Am J 
Sports Med. 2011;39:753-763. http://dx.doi.
org/10.1177/0363546510390476

	20.   Eckstein F, Hudelmaier M, Putz R. The effects 
of exercise on human articular cartilage. 
J Anat. 2006;208:491-512. http://dx.doi.
org/10.1111/j.1469-7580.2006.00546.x

	21.   Eitzen I, Holm I, Risberg MA. Preoperative 
quadriceps strength is a significant predictor 
of knee function two years after anterior cruci-
ate ligament reconstruction. Br J Sports Med. 
2009;43:371-376. http://dx.doi.org/10.1136/
bjsm.2008.057059

	22.   Eitzen I, Moksnes H, Snyder-Mackler L, Risberg 
MA. A progressive 5-week exercise therapy pro-
gram leads to significant improvement in knee 
function early after anterior cruciate ligament 
injury. J Orthop Sports Phys Ther. 2010;40:705-
721. http://dx.doi.org/10.2519/jospt.2010.3345

	23.   Engen CN, Engebretsen L, Årøen A. Knee carti-
lage defect patients enrolled in randomized con-
trolled trials are not representative of patients in 
orthopedic practice. Cartilage. 2010;1:312-319. 
http://dx.doi.org/10.1177/1947603510373917

	24.   Ettinger WH, Jr., Burns R, Messier SP, et al. A 

randomized trial comparing aerobic exercise 
and resistance exercise with a health education 
program in older adults with knee osteoarthritis. 
The Fitness Arthritis and Seniors Trial (FAST). 
JAMA. 1997;277:25-31.

	25.   Felson DT, Gross KD, Nevitt MC, et al. The effects 
of impaired joint position sense on the develop-
ment and progression of pain and structural 
damage in knee osteoarthritis. Arthritis Rheum. 
2009;61:1070-1076. http://dx.doi.org/10.1002/
art.24606

	26.   Fitzgerald GK, Childs JD, Ridge TM, Irrgang JJ. 
Agility and perturbation training for a physically 
active individual with knee osteoarthritis. Phys 
Ther. 2002;82:372-382.

	27.   Fransen M, McConnell S. Land-based exercise 
for osteoarthritis of the knee: a metaanalysis 
of randomized controlled trials. J Rheumatol. 
2009;36:1109-1117. http://dx.doi.org/10.3899/
jrheum.090058

	28.   Fransen M, McConnell S, Hernandez-
Molina G, Reichenbach S. Exercise for os-
teoarthritis of the hip. Cochrane Database 
Syst Rev. 2009:CD007912. http://dx.doi.
org/10.1002/14651858.CD007912

	29.   Garber CE, Blissmer B, Deschenes MR, et al. 
American College of Sports Medicine position 
stand. Quantity and quality of exercise for 
developing and maintaining cardiorespira-
tory, musculoskeletal, and neuromotor fitness 
in apparently healthy adults: guidance for 
prescribing exercise. Med Sci Sports Exerc. 
2011;43:1334-1359. http://dx.doi.org/10.1249/
MSS.0b013e318213fefb

	30.   Greco NJ, Anderson AF, Mann BJ, et al. Re-
sponsiveness of the International Knee Docu-
mentation Committee Subjective Knee Form in 
comparison to the Western Ontario and McMas-
ter Universities Osteoarthritis Index, modified 
Cincinnati Knee Rating System, and Short Form 
36 in patients with focal articular cartilage 
defects. Am J Sports Med. 2010;38:891-902. 
http://dx.doi.org/10.1177/0363546509354163

	31.   Hambly K, Griva K. IKDC or KOOS? Which mea-
sures symptoms and disabilities most important 
to postoperative articular cartilage repair 
patients? Am J Sports Med. 2008;36:1695-1704. 
http://dx.doi.org/10.1177/0363546508317718

	32.   Hartigan E, Axe MJ, Snyder-Mackler L. Per-
turbation training prior to ACL reconstruction 
improves gait asymmetries in non-copers. J 
Orthop Res. 2009;27:724-729. http://dx.doi.
org/10.1002/jor.20754

	33.   Heir S, Nerhus TK, Røtterud JH, et al. Focal car-
tilage defects in the knee impair quality of life as 
much as severe osteoarthritis: a comparison of 
knee injury and osteoarthritis outcome score in 
4 patient categories scheduled for knee surgery. 
Am J Sports Med. 2010;38:231-237. http://
dx.doi.org/10.1177/0363546509352157

	34.   Hinman RS, Hunt MA, Creaby MW, Wrigley TV, 
McManus FJ, Bennell KL. Hip muscle weakness 
in individuals with medial knee osteoarthritis. 
Arthritis Care Res (Hoboken). 2010;62:1190-

1193. http://dx.doi.org/10.1002/acr.20199
	35.   Hinterwimmer S, Krammer M, Krotz M, et al. 

Cartilage atrophy in the knees of patients after 
seven weeks of partial load bearing. Arthritis 
Rheum. 2004;50:2516-2520. http://dx.doi.
org/10.1002/art.20378

	36.   Hurley MV. The role of muscle weakness in the 
pathogenesis of osteoarthritis. Rheum Dis Clin 
North Am. 1999;25:283-298. http://dx.doi.
org/10.1016/S0889-857X(05)70068-5

	37.   Hurley MV, Scott DL, Rees J, Newham DJ. Sen-
sorimotor changes and functional performance 
in patients with knee osteoarthritis. Ann Rheum 
Dis. 1997;56:641-648.

	38.   Jaggers JR, Simpson CD, Frost KL, et al. Pre-
habilitation before knee arthroplasty increases 
postsurgical function: a case study. J Strength 
Cond Res. 2007;21:632-634. http://dx.doi.
org/10.1519/R-19465.1

	39.   Jakobsen RB, Engebretsen L, Slauterbeck JR. An 
analysis of the quality of cartilage repair stud-
ies. J Bone Joint Surg Am. 2005;87:2232-2239. 
http://dx.doi.org/10.2106/JBJS.D.02904

	40.   Jan MH, Lin JJ, Liau JJ, Lin YF, Lin DH. In-
vestigation of clinical effects of high- and 
low-resistance training for patients with knee 
osteoarthritis: a randomized controlled trial. 
Phys Ther. 2008;88:427-436. http://dx.doi.
org/10.2522/ptj.20060300

	41.   Kean CO, Birmingham TB, Garland SJ, Bryant 
DM, Giffin JR. Preoperative strength training 
for patients undergoing high tibial osteotomy: 
a prospective cohort study with historical con-
trols. J Orthop Sports Phys Ther. 2011;41:52-59. 
http://dx.doi.org/10.2519/jospt.2011.3490

	42.   King LK, Birmingham TB, Kean CO, Jones 
IC, Bryant DM, Giffin JR. Resistance training 
for medial compartment knee osteoarthritis 
and malalignment. Med Sci Sports Exerc. 
2008;40:1376-1384. http://dx.doi.org/10.1249/
MSS.0b013e31816f1c4a

	43.   Knutsen G, Drogset JO, Engebretsen L, et al. 
A randomized trial comparing autologous 
chondrocyte implantation with microfracture: 
findings at five years. J Bone Joint Surg Am. 
2007;89:2105-2112. http://dx.doi.org/10.2106/
JBJS.G.00003

	44.   Kreuz PC, Müller S, Freymann U, et al. Repair 
of focal cartilage defects with scaffold-assisted 
autologous chondrocyte grafts: clinical and bio-
mechanical results 48 months after transplan-
tation. Am J Sports Med. 2011;39:1697-1705. 
http://dx.doi.org/10.1177/0363546511403279

	45.   Logerstedt DS, Snyder-Mackler L, Ritter RC, 
Axe MJ. Knee pain and mobility impairments: 
meniscal and articular cartilage lesions. J Or-
thop Sports Phys Ther. 2010;40:A1-A35. http://
dx.doi.org/10.2519/jospt.2010.0304

	46.   Løken S, Ludvigsen TC, Høysveen T, Holm I, 
Engebretsen L, Reinholt FP. Autologous chon-
drocyte implantation to repair knee cartilage 
injury: ultrastructural evaluation at 2 years and 
long-term follow-up including muscle strength 
measurements. Knee Surg Sports Traumatol 

43-05 Wondrasch.indd   320 4/17/2013   3:51:49 PM

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
 

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.jo

sp
t.o

rg
 a

t N
or

ge
s 

Id
re

tts
ho

eg
sk

ol
e 

on
 J

an
ua

ry
 2

8,
 2

01
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

3 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

http://dx.doi.org/10.1590/S1807-59322010001200006
http://dx.doi.org/10.1590/S1807-59322010001200006
http://dx.doi.org/10.1007/s00167-011-1759-7
http://dx.doi.org/10.1007/s00167-011-1759-7
http://dx.doi.org/10.1177/0363546512445167
http://dx.doi.org/10.1177/0363546512445167
http://dx.doi.org/10.1016/j.clinbiomech.2012.01.006
http://dx.doi.org/10.1016/j.clinbiomech.2012.01.006
http://dx.doi.org/10.1016/j.joca.2008.03.010
http://dx.doi.org/10.1016/j.joca.2008.03.010
http://dx.doi.org/10.1177/0363546510390476
http://dx.doi.org/10.1177/0363546510390476
http://dx.doi.org/10.1111/j.1469-7580.2006.00546.x
http://dx.doi.org/10.1111/j.1469-7580.2006.00546.x
http://dx.doi.org/10.1136/bjsm.2008.057059
http://dx.doi.org/10.1136/bjsm.2008.057059
http://dx.doi.org/10.2519/jospt.2010.3345
http://dx.doi.org/10.1177/1947603510373917
http://dx.doi.org/10.1002/art.24606
http://dx.doi.org/10.1002/art.24606
http://dx.doi.org/10.3899/jrheum.090058
http://dx.doi.org/10.3899/jrheum.090058
http://dx.doi.org/10.1002/14651858.CD007912
http://dx.doi.org/10.1002/14651858.CD007912
http://dx.doi.org/10.1249/MSS.0b013e318213fefb
http://dx.doi.org/10.1249/MSS.0b013e318213fefb
http://dx.doi.org/10.1177/0363546509354163
http://dx.doi.org/10.1177/0363546508317718
http://dx.doi.org/10.1002/jor.20754
http://dx.doi.org/10.1002/jor.20754
http://dx.doi.org/10.1177/0363546509352157
http://dx.doi.org/10.1177/0363546509352157
http://dx.doi.org/10.1002/acr.20199
http://dx.doi.org/10.1002/art.20378
http://dx.doi.org/10.1002/art.20378
http://dx.doi.org/10.1016/S0889-857X(05)70068-5
http://dx.doi.org/10.1016/S0889-857X(05)70068-5
http://dx.doi.org/10.1519/R-19465.1
http://dx.doi.org/10.1519/R-19465.1
http://dx.doi.org/10.2106/JBJS.D.02904
http://dx.doi.org/10.2522/ptj.20060300
http://dx.doi.org/10.2522/ptj.20060300
http://dx.doi.org/10.2519/jospt.2011.3490
http://dx.doi.org/10.1249/MSS.0b013e31816f1c4a
http://dx.doi.org/10.1249/MSS.0b013e31816f1c4a
http://dx.doi.org/10.2106/JBJS.G.00003
http://dx.doi.org/10.2106/JBJS.G.00003
http://dx.doi.org/10.1177/0363546511403279
http://dx.doi.org/10.2519/jospt.2010.0304
http://dx.doi.org/10.2519/jospt.2010.0304


journal of orthopaedic & sports physical therapy | volume 43 | number 5 | may 2013 | 321

MORE INFORMATION
WWW.JOSPT.ORG@

Arthrosc. 2009;17:1278-1288. http://dx.doi.
org/10.1007/s00167-009-0854-5

 47.   Lu XL, Mow VC. Biomechanics of articular car-
tilage and determination of material properties. 
Med Sci Sports Exerc. 2008;40:193-199. http://
dx.doi.org/10.1249/mss.0b013e31815cb1fc

 48.   Maly MR, Costigan PA, Olney SJ. Determinants 
of self-report outcome measures in people with 
knee osteoarthritis. Arch Phys Med Rehabil. 
2006;87:96-104. http://dx.doi.org/10.1016/j.
apmr.2005.08.110

 49.   Marlovits S, Aldrian S, Wondrasch B, et al. 
Clinical and radiological outcomes 5 years 
after matrix-induced autologous chondrocyte 
implantation in patients with symptom-
atic, traumatic chondral defects. Am J Sports 
Med. 2012;40:2273-2280. http://dx.doi.
org/10.1177/0363546512457008

 50.   Mazières B, Thevenon A, Coudeyre E, Chevalier 
X, Revel M, Rannou F. Adherence to, and re-
sults of, physical therapy programs in patients 
with hip or knee osteoarthritis. Development 
of French clinical practice guidelines. Joint 
Bone Spine. 2008;75:589-596. http://dx.doi.
org/10.1016/j.jbspin.2008.02.016

 51.   McKnight PE, Kasle S, Going S, et al. A compari-
son of strength training, self-management, and 
the combination for early osteoarthritis of the 
knee. Arthritis Care Res (Hoboken). 2010;62:45-
53. http://dx.doi.org/10.1002/acr.20013

 52.   Mithoefer K, Saris DBF, Farr J, et al. Guidelines 
for the design and conduct of clinical studies in 
knee articular cartilage repair: International Car-
tilage Repair Society recommendations based 
on current scientific evidence and standards of 
clinical care. Cartilage. 2011;2:100-121. http://
dx.doi.org/10.1177/1947603510392913

 53.   Noyes FR, Barber SD, Mangine RE. Abnormal 
lower limb symmetry determined by function 
hop tests after anterior cruciate ligament rup-
ture. Am J Sports Med. 1991;19:513-518.

 54.   Penninx BW, Messier SP, Rejeski WJ, et al. 
Physical exercise and the prevention of dis-
ability in activities of daily living in older 
persons with osteoarthritis. Arch Intern Med. 
2001;161:2309-2316.

 55.   Piva SR, Gil AB, Almeida GJ, DiGioia AM, 3rd, 

Levison TJ, Fitzgerald GK. A balance exercise 
program appears to improve function for 
patients with total knee arthroplasty: a random-
ized clinical trial. Phys Ther. 2010;90:880-894. 
http://dx.doi.org/10.2522/ptj.20090150

 56.   Risberg MA, Holm I, Myklebust G, Engebretsen 
L. Neuromuscular training versus strength train-
ing during first 6 months after anterior cruciate 
ligament reconstruction: a randomized clinical 
trial. Phys Ther. 2007;87:737-750. http://dx.doi.
org/10.2522/ptj.20060041

 57.   Robertson WB, Fick D, Wood DJ, Linklater JM, 
Zheng MH, Ackland TR. MRI and clinical evalu-
ation of collagen-covered autologous chondro-
cyte implantation (CACI) at two years. Knee. 
2007;14:117-127. http://dx.doi.org/10.1016/j.
knee.2006.11.009

 58.   Roos EM, Roos HP, Lohmander LS, Ekdahl C, 
Beynnon BD. Knee Injury and Osteoarthritis 
Outcome Score (KOOS)—development of a 
self-administered outcome measure. J Orthop 
Sports Phys Ther. 1998;28:88-96.

 59.   Røtterud JH, Sivertsen EA, Forssblad M, 
Engebretsen L, Årøen A. Effect of gender and 
sports on the risk of full-thickness articular 
cartilage lesions in anterior cruciate ligament-
injured knees: a nationwide cohort study from 
Sweden and Norway of 15 783 patients. Am J 
Sports Med. 2011;39:1387-1394. http://dx.doi.
org/10.1177/0363546510397813

 60.   Sah RL, Kim YJ, Doong JY, Grodzinsky AJ, Plaas 
AH, Sandy JD. Biosynthetic response of carti-
lage explants to dynamic compression. J Orthop 
Res. 1989;7:619-636. http://dx.doi.org/10.1002/
jor.1100070502

 61.   Saris DB, Vanlauwe J, Victor J, et al. Treatment 
of symptomatic cartilage defects of the knee: 
characterized chondrocyte implantation results 
in better clinical outcome at 36 months in a 
randomized trial compared to microfracture. Am 
J Sports Med. 2009;37 suppl 1:10S-19S. http://
dx.doi.org/10.1177/0363546509350694

 62.   Steinhilber B, Haupt G, Miller R, et al. Feasi-
bility and efficacy of an 8-week progressive 
home-based strengthening exercise program 
in patients with osteoarthritis of the hip and/or 
total hip joint replacement: a preliminary trial. 

Clin Rheumatol. 2012;31:511-519. http://dx.doi.
org/10.1007/s10067-011-1893-0

 63.   Thorstensson CA, Roos EM, Petersson IF, Arvids-
son B. How do middle-aged patients conceive 
exercise as a form of treatment for knee osteo-
arthritis? Disabil Rehabil. 2006;28:51-59. http://
dx.doi.org/10.1080/09638280500163927

 64.   Tiderius CJ, Olsson LE, Leander P, Ekberg O, 
Dahlberg L. Delayed gadolinium-enhanced MRI 
of cartilage (dGEMRIC) in early knee osteoar-
thritis. Magn Reson Med. 2003;49:488-492. 
http://dx.doi.org/10.1002/mrm.10389

 65.   Topp R, Swank AM, Quesada PM, Nyland J, 
Malkani A. The effect of prehabilitation exercise 
on strength and functioning after total knee ar-
throplasty. PM R. 2009;1:729-735. http://dx.doi.
org/10.1016/j.pmrj.2009.06.003

 66.   van Gool CH, Penninx BW, Kempen GI, et al. 
Effects of exercise adherence on physical func-
tion among overweight older adults with knee 
osteoarthritis. Arthritis Rheum. 2005;53:24-32. 
http://dx.doi.org/10.1002/art.20902

 67.   Vanwanseele B, Lucchinetti E, Stüssi E. The 
effects of immobilization on the characteristics 
of articular cartilage: current concepts and 
future directions. Osteoarthritis Cartilage. 
2002;10:408-419. http://dx.doi.org/10.1053/
joca.2002.0529

 68.   Wallis JA, Taylor NF. Pre-operative interventions 
(non-surgical and non-pharmacological) for 
patients with hip or knee osteoarthritis awaiting 
joint replacement surgery – a systematic review 
and meta-analysis. Osteoarthritis Cartilage. 
2011;19:1381-1395. http://dx.doi.org/10.1016/j.
joca.2011.09.001

 69.   Wilk KE, Briem K, Reinold MM, Devine KM, 
Dugas J, Andrews JR. Rehabilitation of articular 
lesions in the athlete’s knee. J Orthop Sports 
Phys Ther. 2006;36:815-827. http://dx.doi.
org/10.2519/jospt.2006.2303

43-05 Wondrasch.indd   321 4/17/2013   3:51:49 PM

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
 

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.jo

sp
t.o

rg
 a

t N
or

ge
s 

Id
re

tts
ho

eg
sk

ol
e 

on
 J

an
ua

ry
 2

8,
 2

01
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
01

3 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

www.jospt.org
http://dx.doi.org/10.1007/s00167-009-0854-5
http://dx.doi.org/10.1007/s00167-009-0854-5
http://dx.doi.org/10.1249/mss.0b013e31815cb1fc
http://dx.doi.org/10.1249/mss.0b013e31815cb1fc
http://dx.doi.org/10.1016/j.apmr.2005.08.110
http://dx.doi.org/10.1016/j.apmr.2005.08.110
http://dx.doi.org/10.1177/0363546512457008
http://dx.doi.org/10.1177/0363546512457008
http://dx.doi.org/10.1016/j.jbspin.2008.02.016
http://dx.doi.org/10.1016/j.jbspin.2008.02.016
http://dx.doi.org/10.1002/acr.20013
http://dx.doi.org/10.1177/1947603510392913
http://dx.doi.org/10.1177/1947603510392913
http://dx.doi.org/10.2522/ptj.20090150
http://dx.doi.org/10.2522/ptj.20060041
http://dx.doi.org/10.2522/ptj.20060041
http://dx.doi.org/10.1016/j.knee.2006.11.009
http://dx.doi.org/10.1016/j.knee.2006.11.009
http://dx.doi.org/10.1177/0363546510397813
http://dx.doi.org/10.1177/0363546510397813
http://dx.doi.org/10.1002/jor.1100070502
http://dx.doi.org/10.1002/jor.1100070502
http://dx.doi.org/10.1177/0363546509350694
http://dx.doi.org/10.1177/0363546509350694
http://dx.doi.org/10.1007/s10067-011-1893-0
http://dx.doi.org/10.1007/s10067-011-1893-0
http://dx.doi.org/10.1080/09638280500163927
http://dx.doi.org/10.1080/09638280500163927
http://dx.doi.org/10.1002/mrm.10389
http://dx.doi.org/10.1016/j.pmrj.2009.06.003
http://dx.doi.org/10.1016/j.pmrj.2009.06.003
http://dx.doi.org/10.1002/art.20902
http://dx.doi.org/10.1053/joca.2002.0529
http://dx.doi.org/10.1053/joca.2002.0529
http://dx.doi.org/10.1016/j.joca.2011.09.001
http://dx.doi.org/10.1016/j.joca.2011.09.001
http://dx.doi.org/10.2519/jospt.2006.2303
http://dx.doi.org/10.2519/jospt.2006.2303


322  |  may 2013  |  volume 43  |  number 5  |  journal of orthopaedic & sports physical therapy

[ research report ]

REHABILITATION PROGRAM

Cardiovascular Exercises

Stationary bike Treadmill Cross-trainer

Resistance Exercises for the Hip

Seated resisted adduction Seated resisted abduction Standing on 1 leg  
with pulley resistance
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Resistance Exercises for the Knee

Seated knee extension Squats with weights Step-ups

Hamstring curls Hip extension on Fitball Leg press
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Balance Exercises

Squat on wobble board Squat on a BOSU Single-leg squat  
on wobble board

Balance exercises  
on wobble board

Plyometric Exercises

Double-leg hops Single-leg hops
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