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Preface 
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to October 2014 at the Orthopedic Research Center, Department of Physical and Occupational 

Therapy, Aarhus University Hospital, and Department of Public Health, Section for Sports Science, 

Aarhus University.  

 

The following pages contain an introduction describing the current knowledge regarding physical 

exercise before total knee arthroplasty (TKA), a description of the applied methods, a presentation 

of the findings, and a discussion followed by conclusions and perspectives. The review (Paper I) 

also deals with and discusses progressive resistance training (PRT) before and after total hip 

arthroplasty (THA), but in this introduction the focus is on TKA. Finally, the results are presented 

in four papers (I–IV).        
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1. Summary 

Efficacy of preoperative progressive resistance training on postoperative functional performance 

and muscle strength in patients undergoing total knee arthroplasty 

Reduced knee extensor muscle strength is a common clinical finding in subjects with knee 

osteoarthritis (OA), and the strength deficit appears to play a key role in the development and 

progression of the disease. An additional surgery-induced loss of knee extensor muscle strength of 

60–80% has been demonstrated at discharge following total knee arthroplasty (TKA), and the loss 

of muscle strength is closely associated with a decline in functional performance. Even several 

years after TKA, patients do not reach the level of functional performance seen in healthy adults. 

The main purposes of this PhD thesis were A) In a systematic review to investigate the effect of 

progressive resistance training (PRT) on muscle strength and functional performance before and/or 

after total hip arthroplasty (THA) and TKA (Paper I). B) To test in patients scheduled for TKA 

whether muscle strength would be 1) strongly associated with both measured functional 

performance and patient-reported measures; 2) more closely associated with functional performance 

when measured during concentric rather than during isometric contractions and; 3) more strongly 

related to the 30-s chair stand test (30sCST) than to the timed-up-and-go (TUG) and walking 

measures (Paper II). C) To investigate the efficacy of 4 weeks of preoperative and 4-week post-

operative PRT compared to 4 weeks of post-operative PRT only on functional performance, muscle 

strength, and patient-reported outcomes in patients undergoing TKA (Paper III); and D) to examine 

whether PRT initiated 5 weeks prior to TKA exacerbate pain and knee swelling (Paper IV).  

Literature from a systematic search in nine databases was reviewed (Paper I). Fifty-nine patients 

were included, and associations between muscle strength and measured functional performance and 

patient-reported measures were calculated (Paper II). The 59 included patients were randomized to 

4 weeks of pre-operative PRT (intervention group) or to a group who “lived as usual” (control 

group). Both groups performed 4 weeks of PRT after TKA. At 6 and 1 weeks before TKA, and at 1, 

6, and 12 weeks after TKA, performance-based measures, muscle strength, and patient-reported 

measures were evaluated (Paper III). Thirty patients performed preoperative PRT, three sessions per 

week for 4 weeks. At each training session, training load, knee pain, and knee swelling were 

recorded (Paper IV).  
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Four randomized controlled trial (RCT) studies on PRT and THA and three RCT studies on TKA 

were identified and rated according to the PEDro scale. Weak evidence of a beneficial effect of 

PRT before and/or after THA on muscle strength and functional performance was found. There was 

no effect of PRT on muscle strength and functional performance before TKA. The results of 

postoperative PRT were too heterogeneous to allow conclusions (Paper I). Both knee extensor and 

knee flexor strength were associated with performance-based measures. Generally, concentric knee 

flexor muscle strength was more strongly associated with functional performance than isometric 

knee flexor strength. Concentric and isometric knee extensor strength were of equal importance. 

The 30sCST was better than the TUG and the walking tests at determining muscle strength (Paper 

II). A significant group difference in favor of the intervention group was found for the 30sCST, 

TUG, knee extensor muscle strength, and knee flexor muscle strength when evaluated at the 

predefined primary test point 6 weeks after TKA. No differences were found between groups with 

regard to patient-reported outcomes (Paper III). The majority of patients experienced only minor 

knee pain during the PRT, despite a substantial increase in training load over time. Likewise, knee 

swelling was modest (Paper IV).   
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2. Summary in Danish 

Effekten af præoperativ progressiv styrketræning vurderet på funktionsniveau og muskelstyrke 

postoperativt hos patienter med total knæalloplastik  

Reduceret knæextensor muskelstyrke er et almindeligt klinisk fund hos patienter med artrose i 

knæet og dette styrkedeficit ser ud til at spille en central rolle i udviklingen og progression af 

sygdommen. Et yderligere kirurgiinduceret tab af knæextensor muskelstyrke på 60-80% er blevet 

påvist ved udskrivelsen efter total knæalloplastik (TKA), og tabet af muskelstyrke er tæt forbundet 

med et fald i funktionsniveauet. Selv flere år efter TKA, synes patienterne ikke at nå samme 

funktionsniveau som hos raske voksne. 

De vigtigste formål med denne afhandling var A) i et systematisk review at undersøge effekten af 

progressiv styrketræning (PST) på muskelstyrke og funktionsniveau før og/eller efter total 

hoftealloplastik (THA) og TKA (Paper I). B) at undersøge hos patienter, opskrevet til TKA, om 

muskelstyrke var 1) associeret med både målt funktionsniveau og patientrapporterede outcomes; 2) 

tættere associeret med funktionsniveau, når der blev målt med koncentriske kontraktioner end ved 

måling af isometriske kontraktioner og; 3) stærkere associeret med 30-s chair stand test (30sCST) 

end timed-up-and-go (TUG) og gangtest (Paper II). C) At undersøge effekten af 4 ugers 

præoperativ og 4 ugers postoperativ PST sammenlignet med 4 ugers postoperativ PST alene på 

funktionsniveau, muskelstyrke og patientrapporterede outcomes hos patienter, der har gennemgået 

TKA (Paper III); og D) at undersøge, om præoperativ PST med start fem uger før TKA ville 

forværre knæsmerter og hævelse (Paper IV). 

Litteratur fra systematisk søgning i ni databaser blev gennemgået (Paper I). Blandt 59 inkluderede 

patienter blev associationer mellem muskelstyrke og målt funktionsniveau og patientrapporteret 

funktionsniveau beregnet (Paper II). De 59 inkluderede patienter blev randomiseret til 4 ugers 

præoperativ progressiv styrketræning (interventionsgruppen) eller til en gruppe, der "levede som de 

plejede" (kontrolgruppe). Begge grupper gennemførte 4 ugers PST efter TKA. Ved test 6 uger og 1 

uge før TKA og 1, 6 og 12 uger efter TKA blev funktionstest, muskelstyrke, patientrapporteret 

outcome evalueret (Paper III). Tredive patienter gennemførte præoperativ PST 3 sessioner ugentligt 

i 4 uger. Ved hver træningssession blev knæhævelse, knæsmerter og træningsbelastning registreret 

(Paper IV). 
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Fire randomiserede, kontrollerede undersøgelser om PST og THA og 3 randomiserede 

undersøgelser om TKA blev identificeret og vurderet i henhold til PEDro skalaen. Der fandtes svag 

evidens for effekt af PST før og/eller efter THA på muskelstyrke og funktionsniveau. Ingen effekt 

af PST på muskelstyrke og funktionsniveau før TKA. Resultaterne af postoperativ PST var for 

heterogene til, at konklusioner kunne drages (Paper I). Både knæets extensor og flexor styrke var 

associeret med funktionsmål. Generelt blev den koncentriske knæflexor muskelstyrke stærkere 

associeret med funktionsniveau end den isometriske knæflexions styrke. Koncentrisk og isometrisk 

knæextensor styrke havde samme betydning. 30sCST var bedre end TUG og gangtestene til 

evaluering af muskelstyrke (Paper II). En betydelig gruppeforskel til fordel for 

interventionsgruppen blev fundet for 30sCST, TUG, knæextensor muskelstyrke og 

knæflexionsstyrke, evalueret ved det foruddefinerede primære testtidspunkt 6 uger efter TKA. Der 

blev ikke fundet nogen forskelle mellem grupperne på patient rapporterede resultater (Paper III). 

Størstedelen af patienterne oplevede kun mindre smerter i knæet under PST, på trods af en betydelig 

stigning i træningsbelastning over tid. Ligeledes var knæhævelsen beskeden (Paper IV). 
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3. Thesis at a glance 

Paper Purpose Patients Methods Results Conclusion 

I In a systematic 

review to investigate 

the effect of 

progressive resistance 

training on muscle 

strength and 

functional capacity 

before and/or after 

total hip or knee 

arthroplasty.  

Four randomized 

controlled trials of 

total hip arthroplasties 

that included 136 

patients and three 

randomized 

controlled trials of 

total knee arthroplasty 

that included 284 

patients. 

A systematic 

literature search in 

nine databases was 

performed. The 

methodological 

quality was 

evaluated using the 

PEDro scale.    

Beneficial effect 

of PRT before 

and/or after THA.  

No effect of PRT 

before TKA.  

Results of 

postoperative PRT 

were 

heterogeneous.   

PRT is safe and 

feasible before and/or 

after THA. PRT is 

safe, but the 

methodological 

quality of TKA 

studies permits no 

conclusion on the 

effectiveness of PRT 

before and/or after 

TKA.     

II To test whether knee 

extensor and knee 

flexor strength in 

patients scheduled for 

TKA would be 1) 

associated with both 

measured functional 

performance and 

patient-reported 

measures and; 2) 

more strongly related 

to the 30sCST than to 

the TUG test and 

walking measures. 

59 patients with end-

stage knee OA 

scheduled for TKA at 

two hospitals. 

Patients were tested 

6 weeks before 

surgery.  The 

assessment included 

tests of muscle 

strength and 

functional 

performance, and 

patients completed 

questionnaire items 

on pain, functional 

performance, and 

quality of life. 

Knee extensor and 

knee flexor 

strength were 

associated with 

functional 

performance 

outcomes. The 

30sCST was 

better than the 

TUG and the 

walking tests at 

determining 

muscle strength.  

Future rehabilitation 

programs may include 

both the knee 

extensor muscles and 

the knee flexor 

muscles to improve 

functional 

performance. The 

30sCST may be a 

proxy measure of the 

knee extensors and 

the knee flexors.    

 

III To investigate the 

efficacy of 4 weeks of 

pre-operative and 4-

week post-operative 

PRT compared to 4 

weeks of post-

operative PRT only 

on functional 

performance, muscle 

strength, and patient-

reported outcomes in 

patients undergoing 

TKA. 

59 patients with end-

stage knee OA 

scheduled for TKA 

were randomly 

assigned to 

preoperative PRT or 

to the control group. 

At 6 and 1 weeks 

before TKA, and at 

1, 6, and 12 weeks 

after TKA 

performance-based 

measures, muscle 

strength, and   

patient-reported 

measures were 

evaluated. 

 

A significant 

group difference 

in favor of the 

intervention group 

was found for the 

30sCST, the TUG, 

muscle strength 

when evaluated 6 

weeks after TKA. 

No differences 

were found 

between groups 

on patient-

reported 

outcomes. 

Pre-operative PRT is 

an efficacious 

intervention, 

improving post-

operative recovery of 

functional 

performance and 

muscle strength, but 

not patient-reported 

outcomes. 

IV To investigate 

whether PRT initiated 

5 weeks prior to TKA 

exacerbates pain and 

knee swelling. 

30 patients performed 

preoperative PRT 3 

sessions per week for 

4 weeks.  

At each training 

session, training 

load, knee pain, and 

knee swelling were 

recorded.1RM was 

tested at the first 

and last training 

session. 

Patients 

experienced only 

minor knee pain 

after PRT, despite 

a substantial 

increase in 

training load over 

time. Likewise, 

knee swelling was 

modest. 

PRT of the affected 

leg initiated shortly 

before TKA does not 

appear to exacerbate 

pain and knee 

swelling. 

PEDro, Physiotherapy Evidence Database; PRT, progressive resistance training; THA, total hip arthroplasty; TKA, total 

knee arthroplasty; 30sCST, 30-s chair stand test; TUG, timed-up-and-go; RM, repetition maximum.  
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4. Introduction 

4.0 Osteoarthritis 

Osteoarthritis (OA) is a worldwide disease afflicting both load bearing and non-weight bearing 

joints (2). The disease is a prevalent health problem, often causing pain, decreased muscle strength, 

reduced functional capacity, and ultimately a lowered quality of life (2-4). OA can be defined 

pathologically, radiographically, or clinically (5); however, radiographs with use of the Kellgren 

and Lawrence grading system (6) are often used as the gold standard for defining the presence and 

severity of OA.  

OA is the result of a complex interplay between mechanical, genetic, cellular, and biochemical 

factors (5,7). Age is one of the strongest predictors of OA (5,8); however, the exact mechanism 

behind the increased incidence and prevalence of OA with age is poorly understood. The female 

gender is associated with a higher prevalence and severity of OA than the male gender (2,3,9). 

Furthermore, considerable evidence indicates that obesity is one of the most important risk factors 

for knee OA (10,11). 

According to the National Health Profile 2013, almost 900,000 Danes suffer from some degree of 

OA (12), and the annual costs for the Danish society are approximately 11.5 billion DKK (direct 

and indirect costs), including 5.4 billion DDK for treatment (13). 

   

4.1 Knee osteoarthritis 

Knee OA is characterized by progressive loss of articular cartilage, sclerosis of the subchondral 

bone, formation of osteophytes, and the presence of degenerative subchondral cysts (Figure 1). In 

some patients, there is clinically significant inflammation, including effusions and synovitis (14). 

When osteoarthritis of the knee becomes severe, joint deformities occur, most commonly as a varus 

or valgus deformity (14).  

Women suffer more frequent from severe radiographic knee OA than men, particular following the 

menopause (2,3,9); however, the greatest risk factors are age and obesity (15). The populations of 

developed countries are ageing and rates of obesity are rising, hence an increase in rates of knee 

osteoarthritis is inevitable.  
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Figure 1. Normal knee anatomy and severe knee osteoarthritis (16) 

 

4.2 Knee osteoarthritis and muscle strength  

Deficits in muscle strength, activation, and proprioception are common in patients with knee OA 

and can occur as a consequence of disuse due to pain. However, studies have shown that muscle 

weakness may predispose to the onset of the disease and may potentially accelerate its progression 

(1,17,18). Deficits in isometric knee extensor muscle strength in subjects with knee OA range from 

10% to 56% (19). Moreover, concentric isokinetic tests have revealed strength deficits ranging from 

11% to 56% in subjects with knee OA compared with healthy controls (19). The largest deficits 

(76%) compared with healthy controls were seen in eccentric muscle strength (19). Although focus 

in the literature is largely on the knee extensor muscles, knee flexor strength deficits have been 

reported in patients compared with healthy controls, with isometric deficits ranging from 4% to 

35% and concentric isokinetic deficits from 7% to 38% (19). Reduced muscle strength of other 

muscle groups in the involved leg has also been demonstrated (19).   

 

4.3 Knee osteoarthritis, muscle mass, and neuromuscular mechanisms 

Reduced muscle strength and changes in the skeletal muscle structure are normal consequences of 

the ageing process (20,21) . Muscle mass is lost at a rate of approximately 1% per year (20,21),  

whereas muscle strength is lost at a rate of 1.5–2.5% per year after the age of 60 (20,22). A possible 
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mechanism that could account for the apparent greater loss of strength than muscle mass is failure 

of voluntary muscle activation. This activation failure may result from either impairment in motor 

unit recruitment or motor unit firing rates (23,24).  

In patients with knee OA, these changes are magnified (25). Voluntary activation deficits range 

from 4–30% in persons with various stages of knee OA (25). Quadriceps weakness in individuals 

with end-stage knee OA is more predominantly attributed to failure in muscle activation than to 

muscle atrophy (26).  

 

4.4 Total knee arthroplasty 

In end-stage OA not responding to non-surgical therapy, total knee arthroplasty (TKA) is a safe and 

cost-effective intervention (27-29). The main clinical indication for TKA is OA, which accounts for 

94–97% of the operations (30,31). 

Approximately 8,000 TKA operations per year are performed in Denmark. The number of 

operations increased from the 2000 to 2010, then decreased in 2011, and thereafter, the numbers 

have been approximately stationary (32). The overall 10-year implant survival is 92.6% for primary 

surgery (32).    

The most commonly used surgical procedure is performed using a midline incision and a 

parapatellar approach. The damaged cartilage surfaces at the end of the femur and the tibia and the 

posterior surface of the patella are removed and replaced with cemented or uncemented tri-

compartmental prostheses (14). However, no resurfacing of the patella is performed if the cartilage 

is intact (Figure 2).  

Replacement of knee joints generally leads to pain reduction, correcting of joint alignment, 

improvement of physical function, and a high satisfaction rate (33,34). However, patients may not 

fully regain muscle strength and functional performance after surgery (35-39), and impairments of 

muscle strength and functional capacity remain below the level of a healthy age- and gender-

matched population for years after TKA (40,41). Furthermore, about 20% of the patients may 

continue to endure knee pain or other knee problems after TKA (42-44).   
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Figure 2. Artificial joint components of total knee arthroplasty and position in the tibia and femoral bone (45) 

 

4.5 Fast track surgery 

During the past 15 years, the fast-track surgery concept has been developed across surgical 

procedures (46-48), and the concept has during the past decade been successfully introduced in 

patients undergoing total hip arthroplasty (THA) and TKA (47-50). Fast track surgery aims at 

giving the patients the best available treatment at all times, being an evolving, dynamic entity, with 

clinical enhancements and concomitant organizational optimization constantly interacting (49). The 

goal is to reduce morbidity, mortality, and functional convalescence and to obtain an earlier 

achievement of functional milestones, including functional discharge criteria, with subsequent 

reduced length of hospital stay and high patient satisfaction (48,49). This multimodal intervention 

includes all areas of the patients’ management, preoperative assessment, information and 

optimization, attenuation of surgical stress, pain treatment, mobilization and exercises, and oral 

nutrition (48,49). Decrease hospital stay to about 2 to 4 days in contrast to previously 4 to 12 days 

has been a consequence of fast-track surgery, without increasing the readmission rate (49,50).      

     

4.6 Physical exercises before TKA 

In 2003, the National Institute of Health convened a consensus development conference to compile 

the scientific evidence surrounding TKA to enhance guidelines for clinical decision making and 

patient clinical outcomes. One of the primary conclusions was that “the use of rehabilitation 

services was one of the most understudied aspects of the perioperative management of patients 
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following total knee replacement” and “there is no evidence supporting the generalized use of 

specific preoperative or postoperative rehabilitation interventions” (51).  

Subsequently, different exercise programs have been applied before TKA, with the aim of 

optimizing functional performance after surgery (52-58) (Table 1), but none of the studies 

demonstrated improvements following the interventions. A systematic review and meta-analyses 

have furthermore demonstrated that therapeutic exercise was not associated with observed 

functional recovery during the hospital stay, observed recovery within 3 month of surgery, and self-

reported recovery within 3 month of surgery compared with control participants (59). Moreover, a 

recent systematic review and meta-analysis including studies on preoperative rehabilitation 

concluded, that for all outcomes, none was consistently favorable toward preoperative rehabilitation 

compared with the alternative (60). However, another meta-analysis found low to moderate 

evidence from mainly small randomized controlled trials that pre-operative interventions, 

particularly exercise, reduce pain for patients with knee OA prior to TKA (61).  

 

 

4.7 Progressive resistance training 

Dr. Thomas DeLorme, a US army physician, experimented in 1945 with a new strength training 

rehabilitation technique. Delorme refined the system by 1948 to include three progressively heavier 

sets of 10 repetitions, and he referred to the program as “Progressive Resistance Exercise”. The 

high-intensity program was markedly more successful than older training protocols (62). The 

concept has been further developed since (63). The effects of progressive resistance training (PRT) 

in increasing muscle strength and functional performance in healthy older adults is well 

documented (64,65). In recent years PRT is frequently applied in musculoskeletal rehabilitation 

studies, such as multiple sclerosis, cancer, and before and after orthopedic surgery (66-68).   

 

4.8 Progressive resistance training before TKA 

Two studies applying progressive resistance training before TKA were identified (Table 2). McKay 

et al. performed a pilot work evaluating 6 weeks of pre-operative PRT in TKA patients and found 

that PRT was feasible. Statistically insignificant improvements in strength and functional  
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Table 1.  Schematic overview of randomized trials investigating efficacy of preoperative exercise interventions on 

recovery after total knee arthroplasty 

 

Trials Sample 

size (n) 

Subjects    

diagnoses for TKA 

Age                                          

Duration & 

frequency 

Training 

regimen 

Outcome                                    

(vs. control) 

Beupre et 

al. (52) 

2004 

131 

 

Non-inflammatory 

arthritis                   

~ 67 years 

4 weeks        

3 sessions/ 

week 

Resistance 

training 

Muscle strength NS               

Patient-reported outcomes NS 

D’Lima et 

al. (53) 

1996 

20 Osteoarthritis and 

rheumatoid arthritis 

~ 69 years 

6 weeks        

3 sessions/ 

week 

Resistance 

training 

HSS score NS                        

Patient-reported outcomes NS 

Rodgers et 

al. (54) 

1998 

23 Osteoarthritis     

67.6 years 

6 weeks        

3 sessions/ 

week 

Resistance 

training 

Muscle strength NS          

Functional performance NS      

HSS score NS  

Rooks et al. 

(55) 2006 

45 Non-inflammatory 

arthritis                   

~ 67 years 

6 weeks        

3 sessions/ 

week 

Resistance 

training 

Muscle strength NS          

Functional performance NS   

Patient-reported outcomes NS 

Topp et. al. 

(56) 2009  

54 Osteoarthritis      

63.8 years 

3 sessions/ 

week until 

surgery 

Resistance 

training 

Muscle strength NS          

Functional performance NS  

Williamson 

et al. (57) 

2007 

121 Non-inflammatory 

arthritis              

69.8 years 

6 weeks        

1 session/ 

week 

Resistance 

training 

Functional performance NS  

Patient-reported outcomes NS 

D’Lima et 

al. (53) 

1996 

20 Osteoarthritis and 

rheumatoid arthritis 

~ 69 years 

6 weeks         

3 sessions/ 

week 

Aerobic 

training 

HSS score NS                        

Patient-reported outcomes NS 

Villadsen 

et al. (58) 

2012 

81 Osteoarthrits           

~ 66 years 

 

8 weeks        

2 sessions/ 

week 

Neuromus-

cular  

exercise  

program 

Patient-reported outcomes NS 

Abbreviations: HSS: Hospital for Special Surgery knee rating, NS: non-significant 

 

performance before surgery were demonstrated, but the improvements did not translate into post-

TKA improvements when compared to a control group (69). The study was, however, limited by a 

small sample size, and because the training program was performed bilaterally, applying low 

loading. Van Leeuwen et al. found no effect of PRT added to standard training compared to 

standard training alone, either before or after TKA (70). Also this study had a small sample size.  
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Table 2.  Schematic overview on randomized trials investigating efficacy of preoperative progressive resistance training 

interventions on recovery after total knee arthroplasty 

 
Trials Sample Size 

 

Subjects 

diagnoses for 

TKA  

Age/Sex                                         

Start 

Duration & 

frequency 

Training regimen Outcome                 

(vs. control) 

McKay 

et al. 

(69) 

2012 

 

 

 

 

 

 

 

 

RT: 10,    

UBT: 12  

Total dropout: 

6/22 = 27%  

RT dropout: 

3/10 = 30% 

UBT dropout: 

3/12 = 25%  

RT 

adherence: 

98%         

UBT 

adherence: 

93% 

 

 

Osteoarthritis 

~70 years +/-6 

9M/13W        

6 weeks before 

surgery 

6 weeks        

30 min/ 

session,          

3 sessions/ 

week             

18 sessions 

 

 

 

  

RT: 4 leg exercises: 

Quadriceps, hamstrings, 

leg press, triceps surae 

(performed bilaterally) 

2*8 reps              

Exercises progressed 

from 60% of 1RM with 

1–2 kg per week as 

tolerated                  

UBT: 4 exercises upper 

body training:   

Latissimus dorsi, chest 

press, biceps brachii, 

triceps brachii              

2*8 reps              

Exercises progressed 

from 60% of 1RM with 

1–2 kg per week as 

tolerated           

Supervised 

After intervention   

KE (isom): NS           

50 FOOT WT: NS  

Stair climbing test: NS 

WOMAC: NS  

HRQOL (SF-36): NS 

At 6 weeks postop. 

follow-up                 

KE (isom): NS           

50 FOOT WT: NS   

Stair climbing test: NS  

WOMAC: NS   

HRQOL (SF-36): NS  

At 12 weeks postop. 

follow-up                 

KE (isom): NS          

50 FOOT WT: NS       

Stair climbing test: NS 

WOMAC: NS   

HRQOL (SF-36): NS 

Van 

Leeuwen 

et al. 

(70) 

2014 

RT: 11,     

Con: 11   

Total dropout: 

6/22 = 27%  

RT dropout: 

2/11 = 18%  

Con dropout:  

4/11 = 36%   

RT 

adherence: 

100% 

Osteoarthritis         

~ 71 years 

12M/10W      

6 weeks before 

surgery 

6 weeks        

2-3 sessions/ 

week 

 

RT: 4 leg exercises:   

Leg press, step-up, squat, 

leg extension (performed 

unilaterally)        

Exercises progressed 

from 3*15 reps 15RM   

to 4*8 reps 8RM 

Supervised  

After intervention   

KE (isom): NS         

KF (isom): NS         

VA: NS                 

CST: NS                

SCT: NS            

6MWT: NS   

WOMAC: NS           

At 6 weeks postop. 

follow-up                 

KE (isom): NS          

KF (isom): ↑            

VA: NS                 

CST: NS               

SCT: NS            

6MWT: NS   

WOMAC: NS 

                        (Continued) 
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Table 2 (Continued) 

     At 12 weeks postop. 

follow-up                  

KE (isom): NS          

KF (isom): NS         

VA: NS                  

CST: NS               

SCT: NS            

6MWT: NS   

WOMAC: NS 

Abbreviations: RT, resistance training; Con, control group; UBT, upper body training; M, men; W, women; NS, non-

significant; KE, knee extension; OP, operated leg; NOP, non-operated leg; Isom, isometric; CAR, central activation 

ratio; RM, repetition maximum; WT, walk test; HRQOL, health-related quality of life; VA, voluntary activation; CST, 

chair stand test; SCT, stair climbing test; 6MWT, 6 minute walk test; WOMAC, Western Ontario and McMasters 

Osteoarthritis Index; Rep, reptitions; ↑ indicates increase 

 

4.9 Rehabilitation after TKA 

Several studies have been performed to investigate the effect of different rehabilitation modalities 

aiming at reducing the strength loss and functional impairments after TKA. In a recent systematic 

review that included 19 studies investigating physical exercise after TKA (71), four categories of 

postoperative intervention were discussed: 1) strengthening exercises (72-76); 2) aquatic therapy 

(77-80); 3) balance training (81-83); and 4) clinical environment (84-90). The review concluded 

that not only should postoperative strengthening exercises be a primary component of postoperative 

care, but the exercise programs should be supervised and progressed as the patients meet clinical 

and strength milestones (71). 

Several studies have been identified applying PRT after TKA (72,73,87,91) (Table 3). In one study 

the PRT intervention started early after TKA (within the first week), in three other studies the 

intervention started late (3–8 weeks postoperative). Only Petterson et al. demonstrated a long-term 

effect of PRT in comparison with an embedded group that had performed standard care 

rehabilitation (72).   

 

 

 



24 
 

Table 3. Schematic overview on randomized trials investigating efficacy of postoperative progressive resistance training 

interventions on recovery after total knee arthroplasty.  

      Continued 

 

Trials Sample size  

Dropouts 

Adherence % 

Subjects 

Diagnoses for 

TKA        

Age/Sex      

Start  

Duration & 

frequency 

Training regimen Outcome                         

(vs. control) 

 

Petterson 

et al. 

(25,72) 

2009 

 

 

 

RT: 100, 

RT+es: 100, 

Con: 41       

Total dropout: 

19/200 = 10%   

RT dropout: 

3/100 = 3% 

RT+es dropout: 

16/100 = 16% 

Adherence: 

mean 16.9+/1.3 

visits 

 

All diagnoses 

for TKA    

~65yr +/- 8 

122M/119W    

3-4 weeks after 

TKA 

 

 

 

 

 

 

 

6 weeks        

2-3 sessions/ 

week           

12-18 sessions 

 

 

 

 

6 leg exercises  

Quadriceps, 

hamstrings, 

gastrocnemius, 

soleus, hip 

abductors and 

flexors (performed 

unilateral)       

Week 1-6: 10 RM 

2-3 sets of 10 reps. 

Supervised           

ES group: +NMES  

RT group: -NMES 

                       

Patients of 1 

referring surgeon 

from the pooled RT 

and ES group     

Con. group: 

Patients of the 

referring surgeon 

represent the 

standard of care in 

the community   

At 3-month follow-up 

KE-OP (isom): NS 

CAR: NS              

Timed Up and Go: NS 

6MWT: NS            

Stair climbing test: NS 

HRQOL (SF-36): NS 

At 12-month follow-

up                             

KE-OP (isom): NS  

CAR: NS             

Timed Up and Go: NS  

6MWT: NS             

Stair climbing test: NS  

HRQOL (SF-36): NS 

At 12-month follow-

up                             

KE-OP (isom) ↑    

CAR: NS              

Timed Up and Go ↑ 

6MWT ↑                 

Stair climbing test ↑ 

HRQOL (SF-36): NS 

Johnson et 

al. (73) 

2010 

 

 

RT: 10      

WBV: 11    

Total dropout: 

5/21 = 24%      

RT dropout: 

2/10 = 20% 

Required to 

complete at 

least 10 out of 

12 sessions. 

 

Osteoarthritis 

~68yr +/- 10  

No information 

about sex 

between the 

dropouts          

3–6 weeks after 

surgery 

4 weeks          

3 sessions/ 

week            

12 sessions 

2 leg exercises  

Knee extension,  

hip flexion            

1-3 sets of 10 reps. 

Exercises were 

progressed once the 

patient could 

complete the 

exercise and extra 

weight (0.454–4.54 

kg) were added. 

Supervised 

After intervention    

KE-OP (isom): NS   

KE-NOP (isom): NS  

CAR-OP: NS        

CAR-NOP: NS    

Timed Up and Go: NS 
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Table 3. (Continued) 

Abbreviations: RT, resistance training; RT+es, resistance training combined with electrical stimulation; WBV, whole 

body vibration; Con, control group; M, men; W, women; NS, non-significant; KE, knee extension; OP, operated leg; 

NOP, non-operated leg; Isom, isometric; CAR, central activation ratio; RM, repetition maximum; WT, walk test; 

HRQOL, health related quality of life; LEP leg extension power; KOOS, Knee injury and osteoarthritis outcome score; 

OKS, Oxford Knee Score; 6MWT, 6 minute walk test; EQ-5D, Euroqol questionnaire-5 dimensions; ↑ indicates 

increase. 

    

 

 

 

 

 

Madsen et 

al. (87) 

2013  

 

RT: 40         

Con: 40      

Total dropout: 

12/80 = 15%    

RT dropout: 

4/40 = 10%    

Con dropout: 

8/40 = 20% 

Adherence: 87% 

Osteoarthritis  

~67yr               

4-8 weeks after 

surgery 

6 weeks          

2 session/ 

week 

4 leg exercises: 

Squat, leg press, leg 

extension, seated 

curls                       

1 set 10-12RM 

progressed to 3 sets 

6-8RM     

Supervised 

At 3 months             

Peak LEP: NS           

Sit-to-stand: NS       

10m walk test: NS  

OKS: NS                   

SF-36: NS                  

At 6 months              

Peak LEP: NS          

Sit-to-stand: NS        

10m walk test: NS 

OKS: NS                   

SF-36: NS 

Jakobsen 

et al. (91) 

2014 

RT: 40         

Con: 39        

Total dropout: 

7/79 = 9%                        

RT dropout: 

5/40 = 13%  

Con dropout: 

2/39 = 5% 

 

All diagnoses 

~65yr         

Within the first 

week after 

surgery 

7 weeks          

2 session/ 

week 

2 leg exercises:  

Leg press,            

leg extension           

2 sets 12 RM   

progressed to 2 sets 

8RM         

Supervised 

At 8 weeks                

KE-OP (isom): NS    

Leg press power: NS  

6MWT: NS         

KOOS: NS            

OKS: NS                  

EQ-5D: NS                 

At 26 weeks             

KE-OP (isom): NS   

Leg press power: NS 

6MWT: NS         

KOOS: NS            

OKS: NS                  

EQ-5D: NS 
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5. Objectives and hypothesis 

The overall objective of this PhD thesis was to investigate the efficacy of preoperative PRT on 

postoperative functional performance and muscle strength in patients undergoing TKA. 

Paper I 

The purpose of this study was in a systematic review to investigate the effect of PRT on muscle 

strength and functional capacity before and/or after total hip or knee arthroplasty. The review also 

includes an analysis of the effects of PRT on the patients’ quality of life and the rate of adverse 

events.  

Paper II   

The purposes of this study were to test the hypotheses that in patients scheduled for TKA knee 

extensor and knee flexor strength would be 1) weaker in the affected leg than in the non-affected 

leg; 2) strongly associated with both measured functional performance and patient-reported 

measures; 3) more closely associated with functional performance when measured during 

concentric than during isometric contractions and; 4) more strongly related to the 30-s chair stand 

test (30sCST) than to the timed-up-and-go (TUG) test and walking measures. 

Paper III 

The purpose of this study was to investigate the efficacy of 4 weeks of preoperative and 4-week 

post-operative PRT compared to 4 weeks of post-operative PRT only on functional performance, 

muscle strength, and patient-reported outcomes in patients undergoing TKA. A secondary purpose 

was to evaluate the safety profile and feasibility of PRT in terms of drop-out rate, exercise 

adherence, and adverse events. 

Hypothesis: It was hypothesized that 4 weeks of preoperative PRT would be safe and feasible and 

would improve functional performance, knee extensor and flexor muscle strength, and patient-

reported outcomes preoperatively and at 6 weeks postoperatively when compared to controls.  
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Paper IV  

The purpose of this study was to examine whether PRT initiated 5 weeks prior to TKA 1) would 

exacerbate pain and knee effusion and 2) would allow an increase in the training load throughout 

the training period and subsequently increase muscle strength.  

Hypothesis: We hypothesized that PRT before TKA 1) would not exacerbate knee joint pain and 

effusion, and 2) would increase the training load and subsequently the muscle strength.         
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6. Methods 

The study methods applied are described in detail in the original manuscripts. This section 

summarizes the general study design, the most important methods applied, and some 

methodological considerations not mentioned in the manuscripts. 

 

6.0 Paper I 

A systematic literature search of nine different databases was performed to identify articles on 

progressive resistance training conducted before and/or after total hip and knee arthroplasty.  

Studies were included if 1) the effect of a PRT intervention was compared with no intervention or 

another type of intervention; 2) the outcomes included muscle strength and/or functional capacity; 

3) all participants were scheduled for or had just undergone THA or TKA; 4) they were 

randomized, controlled trials (RCT); and 5) papers were presented as full-length papers in English. 

Data on patient characteristics, training regimen, controls, and outcome measures were extracted.  

The methodological quality of the studies was evaluated using the original 11-item Physiotherapy 

Evidence Database (PEDro) scale (92).  Each satisfied item, except item 1, contributes one point to 

the total PEDro score (range = 0–10 point). Points are achieved when a criterion is clearly satisfied 

and reported (92) The PEDro scale has been shown to have sufficient reliability (92) and is a valid 

measure of the methodological quality of clinical trials (92,93). Three investigators independently 

scored all included studies (IM, UD, and BS) according to the PEDro operational definitions (92), 

and afterwards consensus was achieved in the few cases of disagreement. A meta-analysis could not 

be performed due to the large heterogeneity of the studies in terms of time point and duration of the 

intervention, different control groups and outcome measures. Consequently, the results of each 

individual study was reported and interpreted.  

  

6.1 Paper II 

6.1.0 Study design and patients 

This cross-sectional study is part of the RCT that investigated the effect of preoperative PRT on 

functional performance and muscle strength after TKA (Paper 3). Fifty-nine patients scheduled for 
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TKA were included from the Orthopedic Department at Aarhus University Hospital and Silkeborg 

Regional Hospital, Denmark.  

Included were patients who were: 1) scheduled for primary unilateral TKA; 2) diagnosed with OA; 

3) resident in the Aarhus municipality; 4) able to transport themselves to training; and 5) willing to 

give informed consent. Excluded were patients who were: 1) age < 18 years; 2) suffering from heart 

disease or uncontrolled hypertension; 3) suffering from neuromuscular or neurodegenerative 

conditions; and 4) unable to comprehend the protocol instructions. 

 

6.1.1 Testing procedure 

The assessment of the patients included tests of muscle strength and functional performance and 

measurements of height, body mass, and range of knee joint motion. Furthermore, patients 

completed questionnaire items on pain, functional performance, and quality of life. All patients 

were tested according to the protocol 6 weeks before TKA by the same assessor (BS) at Section of 

Sport Science, Department of Public Health, Aarhus University. 

 

6.1.2 Muscle strength 

Maximal isokinetic and isometric knee extension and flexion were measured in an isokinetic 

dynamometer (Humac Norm, Computer Sports Medicine Inc., MA, USA) (94). Patients performed 

three maximal isometric contractions of the knee extensors at a knee joint angle of 700 (00 = full 

knee extension) and of the knee flexors at a knee joint angle of 200. These angles were chosen 

because the greatest strength is demonstrated at these degrees  (95). Rest periods of 60 seconds were 

allowed between attempts. The trial with the highest peak torque (Nm) was selected for further 

analysis. Isometric testing was performed on both legs.  

The concentric knee extensor and knee flexor muscle strength of the affected knee was evaluated at 

600/sec (peak moment, Nm). The patients performed six maximal concentric contractions in full 

possible range of motion (ROM); the trial with the highest peak torque was selected for further 

analysis.  
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Dynamometry is considered the gold standard of muscle strength assessment, and dynamometry 

tests of knee extensor muscles in knee OA have proven reliable (94).  

 

6.1.3 Patient-reported outcomes 

The Knee Injury and Osteoarthritis Outcome Score (KOOS) has been developed as a health status 

instrument for measuring patient-perceived outcomes in patients with osteoarthritis of the knee  

(96). The patient-reported questionnaire consists of five subscales: pain, other symptoms, function 

of daily living, function in sport and recreation, and knee-related quality of life (96). KOOS is a 

reliable and valid tool in patients with knee OA. However, the subscale function in sport and 

recreation has shown weak-to-moderate reliability and weak construct validity (97,98). 

Knee pain ratings were recorded on an 11-point numerical rating scale from 0 (‘no pain’) to 10 

(‘worst pain imaginable’). Current pain, the worst pain during the past 14 days, and the average 

pain during the past 14 days were rated. Numerical rank scale is a reliable and valid tool for pain 

assessment (99). 

Health-related quality of life was recorded on a rating scale from 0 (“worst health related quality of 

life imaginable”) to 100 (“best health related quality of life imaginable”).  

 

6.1.4 Statistical analyses 

To calculate the association between functional performance, patient-reported outcomes, and knee 

muscle strength, linear regression analyses were applied. Pitman’s test was applied to identify 

which functional performance test had the closest relationship with muscle strength and whether 

concentric or isometric strength had the closest relationship with functional performance. 

 

6.2 Paper III 

The main study of this PhD thesis is an assessor-blinded two arm randomized controlled study that 

included 12 weeks of follow-up following TKA (as well as at 52 weeks following TKA, which is 

outside the timeframe of the current thesis). 
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Figure 3: Study design 

 

6.2.0 Patients and ethics 

Fifty-nine patients scheduled for TKA were included from the Orthopedic Department at Aarhus 

University Hospital and at Silkeborg Regional Hospital, Denmark (Figure 3). In- and exclusion 

criteria are described under Paper II (Figure 4).  

The study followed the Declaration of Helsinki, was approved by the regional Ethics Committee 

(Journal no. M-20110191), and was registered with the Danish Data Protection Agency 

(Registration no. 1-16-02-191-11) and at ClinicalTrials.gov (NCT01647243).  

 

6.2.1 Sample size 

An a priori power calculation was performed on the primary outcome, the 30sCST, and an expected 

difference between the intervention and control group of at least 10.7%, based on a prior pilot 

study, at the test 6 weeks postoperatively; α = 0.05, β = 0.80. The power calculation indicated that 

31 patients should be needed in each study arm to demonstrate a treatment effect. Due to possibly 

drop-out, it was planned to include 70 patients.  
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↓│ Test 4 (6 weeks postoperatively) │/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Flow diagram 

Scheduled for TKA (Aarhus n = 398) 

Not meeting the inclusion criteria         
(n = 135)                                     
Participated in another project (n = 43)                             
Scheduled for TKA less than 5 weeks 
before surgery hence not allowing time 
for preoperative intervention (n = 71)                        
Comorbidity (n = 27)                     
Problems with transportation (n = 19)                                        
Job (n = 8)                                             
Other plans in the period (n = 26)                            
Mistakenly not asked (n = 14)           
Other reasons (n = 19)  

 

 

 

 

 

                

  

Scheduled for TKA (Silkeborg n = 357) 

 
Not meeting the inclusion criteria        
(n = 257)                                        
Scheduled for TKA less than 5 weeks 
before surgery hence not allowing 
time for preoperative intervention      
(n = 3)                                          
Comorbidity (n = 12)                                      
Problems with transportation (n = 3)  
Job (n = 3)                                             
Other plans in the period (n = 2) 
Mistakenly not asked (n = 17)                                                   
Other reasons (n = 37) 

                          

Test 1 (6 weeks preoperatively)                               

Randomized (n = 59)  

 
PRT group (n = 30)                                                                                                            Control group (n = 29)                                                
Disc prolapse in the intervention period (n = 1)                 Unsatisfied with randomization group (n = 1)                                                                                                        

Psychiatric problems (n = 1)                                                                                                                                                                                                                        
Postponed surgery (n = 1)                                                                                                                     

                                                

                                                                                                 

 

 

 

                             

 

PRT group (n = 29)                               Test 2 (1 week preoperatively)                      Control group (n = 26)                              

Cancelled surgery (n = 1) 

                                                 

 

 

                                                                                                                                            

 

PRT group (n = 29)                                              Surgery                                                Control group (n = 25)              

PRT group (n = 29)                               Test 3 (1 week postoperatively)                    Control group (n = 25)                               

Increased infection parameters (n = 1)                                                                                                    

Restricted range of motion (n = 1)  

 

PRT group (n = 29)                              Test 4 (6 weeks postoperatively)                    Control group (n = 23)                                    

                         Re-operation (n = 1)                                                                                                

Other health problems (n = 1) 

PRT group (n = 29)       Test 5 (12 weeks postoperatively)                    Control group (n = 21) 
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6.2.2 Randomization 

Patients were randomly assigned to preoperative PRT or to the control group with use of concealed, 

opaque envelopes prepared by the assessor. The randomization was stratified by hospital and 

randomized in blocks of 10. The envelopes were placed in bags, 10 in each bag, and separate bags 

for the two hospitals. After the first test, the patients drew an envelope from the bag. The envelopes 

were administrated by the physiotherapists that provided the PRT intervention. 

 

6.2.3 Intervention 

The intervention group performed supervised progressive resistance training three sessions per 

week for 4 weeks pre-operatively, and completed a further three sessions per week for 4 weeks 

postoperatively.  

Progressive resistance training was defined in accordance with the 2009 guidelines of the American 

College of Sports Medicine (63) as a concentric/eccentric muscle contraction against a variable or 

constant external resistance at a constant or variable velocity, where loading is continuously 

adjusted to ensure progression. 

The training protocol was described in terms of sets, repetitions, and load. A set is a group of 

exercise repetitions performed without rest and load is expressed as the repetition maximum (RM, 

e.g. 10 RM, indicating the heaviest load that can be lifted at 10 repetitions). Rest periods between 

set and exercise were controlled (63).     

Patients exercised in groups of three at Aarhus University Hospital (Figure 5). Each session was 

supervised by one of three physiotherapists specifically trained in progressive resistance training. 

The duration of each session was approximately 60 minutes. The training intensity started with 12 

repetition maximum (RM) with progression during weeks toward 8 RM (Table 4 and 5). Three sets 

of each exercise were performed with a rest length of 2 minutes between sets and exercises (Table 4 

and 5). Following a 10-minute warm up on a stationary bike, the same six exercises were executed 

unilaterally during all planned sessions pre- and postoperatively. Exercises included leg press, knee 

extension, knee flexion, hip extension, hip abduction, and hip adduction in standard strength 

training machines (Cybex, Owatonna, MN, USA). Patients were instructed to perform all exercises 

with a fast concentric phase followed by a slow eccentric phase. The load in each exercise should be  
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 Leg press      Knee flexion 

  

 Knee extension     Hip abduction 

  

 Hip adduction     Hip extension 

  

Figure 5. Six exercises comprising the PRT program 
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adjusted so that the prescribed number of repetitions in each set led to failure. If more repetitions 

than prescribed could be made, the load was to be increased. The session ended with 3 x 30 sec. 

stretching of knee extensors, knee flexors, and ankle flexors. If a participant missed a training 

session, it was attempted to substitute the session on an alternative day.  

 

Table 4.  Pre-operative progression 

 

 

 

 

 

 

6.2.4 Control 

Patients in the control group were instructed to “live as usual” for 4 weeks pre-operatively. Post-

operatively they followed the same PRT protocol as the intervention group. 

 

Table 5. Post-operative progression  
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6.2.5 Perioperative care 

All patients followed a standardized, optimized fast-track surgical program for TKA including 

patient information, spinal anesthesia, optimized pain management, enforced mobilization on the 

day of surgery, and nutritional advice (49). All patients were invited to an information day prior to 

TKA, where they were informed about a planned hospital stay of 2 days with pre-defined functional 

discharge criteria: independency in gait, transfer, personal care, and sufficient pain treatment. 

During hospitalization patients were instructed to perform a home-based training program that 

included exercises to improve functional performance, muscle strength, range of motion, and 

management of knee joint effusion. 

 

6.2.6 Outcome measures 

The outcome measures were collected at baseline (6 weeks) and 1 week preoperatively, and again at 

1 week, 6 weeks, and 12 weeks after TKA (and 52 weeks postoperatively that is outside the time 

frame of this PhD thesis) (Figure 6). All outcome measures were blindly assessed in a standardized 

order at each test by the principal investigator at the Department of Public Health, Section of Sport 

Science, Aarhus University. The outcome measures are described under Paper II and in the original 

Paper III.  

 

  

Figure 6.  Test points and time for TKA 

 

Primary outcome 

Changes in performance in the 30sCST from baseline to 6 weeks postoperatively were defined as 

the primary outcome. The test is reliable in patients with knee OA (100,101). The 30sCST was 

chosen for the primary outcome because it is a functional test associated with muscle strength (102-

106). Furthermore, it is an activity most people perform many times a day.      
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Secondary outcomes 

6.2.6.a. Functional performance 

To ensure a variety of functional activities of daily life, the following four functional performance 

measures challenging the lower extremity were assessed: 30sCST (primary outcome) 

(100,101,107), the TUG (100,108,109), 10-m walk test (10 mWT) (110), and 6 minute walk test 

(6MWT) (111-113). Description of the tests can be found under Paper II.       

 

6.2.6.b. Muscle strength, range of motion and knee joint effusion 

Maximal isokinetic and isometric knee extension and flexion were measured in an isokinetic 

dynamometer. A description of the tests can be found in Paper II, section xx and in the original 

Papers II and III. The advantage of using a dynamometer for evaluating maximal muscle strength is 

that the patients were tested on the same standardized equipment on which they had not trained. 

This minimized the variation in strength changes caused by a learning effect based upon improved 

involvement of assessor muscles, improved coordination of prime-movers, and/or reduced 

antagonist co-contraction (114-116).  

Active and passive knee joint flexion and extension range of motion (ROM) of the affected knee 

were measured by goniometry. The fulcrum of the goniometer was placed over the lateral 

epicondyle with the one 30-cm arm pointed toward the major trochanter of the femur and the other 

toward the lateral malleolus (117). The method is reliable and valid in patients with knee 

restrictions (117). 

Knee joint effusion was assessed by measuring the knee joint circumference (118,119). The patient 

was placed on a couch in a supine position. Knee joint circumference was measured 1 cm above the 

bases of patella with a non-elastic measure. The measurements were performed bilaterally. 

Measurement of the knee joint effusion is reliable in patients with TKA (118).   

6.2.6.c Safety and feasibility was measured at reporting of drop-out rate, exercise adherence 

(exercise adherence (%) = (no. of completed sessions / no. of planned sessions) * 100) and adverse 

events.    
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6.2.6.d Patient-reported outcomes 

KOOS, knee pain ratings, and health-related quality of life are described under Paper II.  

 

6.2.7 Statistical analyses 

A series of repeated-measures analyses of variance, multilevel mixed-effects linear regression, were 

conducted to investigate the differences between changes from baseline to all test points in the 

intervention group and the control group on pre- and postoperative outcomes. The statistical 

analyses followed the intention-to-treat principle and were performed in Stata 12.1 (StataCorp, 

College Station, TX, USA). For further details please see Paper III. 

 

6.3 Paper IV 

The present study was a part of a clinical randomized controlled trial (Paper III). 

 

6.3.0 Patients 

In total 30 patients were randomly assigned to 4 weeks of preoperative PRT (intervention group).  

 

6.3.1. Outcome measures 

Before and after each training session, the patients’ pain level and knee joint circumference at rest 

were recorded by the training physiotherapist. Furthermore, the weight load (kg) and number of 

repetitions in each set for leg press, knee extension, knee flexion, hip extension, hip abduction, and 

hip adduction were recorded during each training session.         

 

6.3.1.a Knee pain ratings and knee joint effusion are described under Paper II. 
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6.3.1.b Muscle strength (1RM)   

The first and last preoperative PRT sessions were initiated by a one repetition maximum (1RM) 

testing (120) of unilateral leg press, knee extension, and knee flexion. After a 10-minute warm up 

on a stationary bike, the patients conducted a few repetitions at approximately 50% of 1 RM. Then 

the load increased step-wise until failure. The tests were performed on the training machines.  

 

6.3.2 Statistical analyses 

Knee pain at rest after each training session during the training period was assessed using Kruskal-

Wallis test. Changes of knee joint effusion before and after each training session during the training 

period were assessed using repeated measures analyses of variance (ANOVA). Student’s paired t-

test was applied to evaluate the difference between maximal muscle strength before and after the 

training period. Spearman’s test was applied to calculate the correlation between the change in 

muscle strength and knee joint pain and effusion.  
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7. Results 

The study results are described in detail in the original manuscripts (Papers I–IV). This section 

summarizes the main results. 

 

7.0 Paper I 

7.0.0 Study characteristic 

Four RCT studies on PRT and THA that included 136 patients and 3 RCT studies on PRT and TKA 

that included 284 patients were identified and rated according to the PEDro scale. The general 

methodological quality of the studies was low to moderate.   

 

7.0.1 Intervention characteristic  

The PRT intervention was targeted solely at the lower extremity in all studies (25,69,73,121-131) 

except one, which also included upper body exercises (121). The total number of sessions was 

generally higher in THA than in TKA. All studies applied supervised PRT, and none reported any 

side effects or adverse events related to PRT. 

 

7.0.2 Muscle strength, functional capacity, and patient-reported outcomes  

The THA studies consistently reported strength improvement of the muscles trained during PRT. 

The effects of PRT on muscle strength reported in the TKA studies were inconsistent. No effect of 

PRT on isometric strength of the knee extensors assessed as peak force (Nm) was reported (69); nor 

was any effect of postoperative PRT of isometric strength of knee flexors or on the central 

activation ratio achieved (73). However, an improvement of the normalized maximum voluntary 

isometric contraction was reported (25,72) (Table 6).  
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Weak evidence of a beneficial effect of pre- and postoperative progressive resistance interventions 

was reported on functional capacity in THA patients. However, the results were inconsistent in 

TKA studies (Table 6).   

Studies show improved patient-reported function in THA patients, (121,122) but not in TKA 

patients (69), while no differences in health-related quality of life were found in either THA or 

TKA patients (Table 6).  
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Table 6.  Schematic overview of included TKA studies 

 

Trials Sample Size 
Dropouts 

Adherence % 
PEDro score 

Subjects 
Diagnoses for TKA 

Age/Sex                                         
Start 

Duration & 
frequency 

Training regime Outcome 
(vs. control) 

Pre TKA 
interventi-
ons 

     

McKay et 
al.(69)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RT: 10, UBT: 12 
Total dropout:  
6/22 = 27% 
RT dropout:    
3/10 = 30% 
UBT dropout:  
3/12 = 25% 
RT adherence: 98% 
UBT adherence: 93% 
Total score: 6/10 
 

Osteoarthritis 
~70yr +/- 6  
9M/13W 
6 weeks before 
surgery 
 

 

 

 

 

 

6 weeks 
30 min/session,  
3 sessions/week 
18 sessions 
 
 
 
  

PT: 4 leg exercises 
Quadriceps, hamstrings, 
leg press, triceps surae 
(performed bilaterally)  
2*8 reps 
Exercises progressed 
from 60% of 1RM with 1-2 
kg per week as tolerated 
 
UBT: 4 exercises upper 
body training 
Latissimus dorsi, chest 
press, biceps brachii, 
triceps brachii 
2*8 reps 
Exercises progressed 
from 60% of 1RM with 1-2 
kg per week as tolerated 
Supervised 

After intervention 
KE (isom): NS 
50 FOOT WT: NS 
Stair climbing test: NS 
WOMAC: NS 
HRQOL (SF-36): NS 
At 6 weeks postop. 
follow-up 
KE (isom): NS 
50 FOOT WT: NS 
Stair climbing test: NS 
WOMAC: NS 
HRQOL (SF-36): NS 
At 12 weeks postop. 
follow-up 
KE (isom): NS 
50 FOOT WT: NS 
Stair climbing test: NS 
WOMAC: NS 
HRQOL (SF-36): NS 

Post TKA 
interventi-
ons 

     

 

                            Continued 
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Petterson 
et 
al.(25,72)  
 
 
 
 

RT: 100,  
RT+es: 100,  
Con: 41 
Total dropout:  
19/200 = 10%  
RT dropout:  
3/100 = 3% 
RT+es dropout: 
16/100 = 16% 
Adherence:  
mean 16.9+/1.3 visits 
Total score: 6/10 

All diagnoses for TKA  
~65yr +/- 8 
122M/119W 
3-4 weeks after TKA 
 
 
 
 
 
 
 

6 weeks 
2-3 sessions/week 
12-18 sessions 
 
 
 
 

6 leg exercises 
Quadriceps, hamstrings, 
gastrocnemius, soleus, 
hip abductors and flexors 
(performed unilateral) 
Week 1-6: 10 RM 
2-3 sets of 10 reps. 
Supervised 
 
ES group: +NMES 
RT group: -NMES 
 
 
 
Patients of 1 referring 
surgeon from the pooled 
RT and ES group  
Con. group: Patients of 
the referring surgeon 
represent the standard of 
care in the community 

At 3 month follow-up 
KE-OP (isom): NS 
CAR: NS 
Timed Up and Go: NS 
6MWT: NS 
Stair climbing test: NS 
HRQOL (SF-36): NS 
At 12 month follow-up 
KE-OP (isom): NS 
CAR: NS 
Timed Up and Go: NS 
6MWT: NS 
Stair climbing test: NS 
HRQOL (SF-36): NS 
At 12 month follow-up 
KE-OP (isom) ↑ 
CAR: NS 
Timed Up and GO ↑ 
6MWT ↑ 
Stair climbing test ↑ 
HRQOL (SF-36): NS 

Johnson et 
al.(73)  
 
 
 

RT: 10, WBV: 11 
Total dropout:  
5/21 = 24% 
RT dropout:         
2/10 = 20% 
Required to complete 
at least 10 out of 12 
sessions. 
Total score: 4/10 
 

Osteoarthritis 
~68yr +/- 10  
No information about 
sex between the 
dropouts 
3-6 weeks after 
surgery 

4 weeks 
3 sessions/week 
12 sessions 

2 leg exercises 
Knee extension, hip 
flexion 
1-3 sets of 10 reps. 
Exercises were 
progressed once the 
patient could complete the 
exercise and extra weight 
(0.454-4.54 kg) were 
added. 
Supervised 

After intervention 
KE-OP (isom): NS 
KE-NOP (isom): NS 
CAR-OP: NS 
CAR-NOP: NS 
Timed Up and Go: NS 
 

Abbreviations: TKA, total knee arthroplasty; Pre, preoperative; Post, postoperative; PEDro, Physiotherapy Evidence Database; RT, resistance Training; 
UBT, upper body training; RT+es, resistance training combined with electrical stimulation; ERT, eccentric resistance training; WBV, whole body 
vibration; Con, control group; M, men; W, women; NS, non-significant; KE, knee extension; OP, operated leg; NOP, non-operated leg; RFD, rate of 
force development; Isom, isometric; CAR, central activation ratio; RM, repetition maximum; 6MWT, 6 minute walk test; HRQOL, health related quality of 
life; ↑ indicates increase.  
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7.1 Paper II 

In total 59 patients, 70.4 ± 6.8 years, 61% women, body mass index median 30.3 (range 22.6–42.5) 

were included in the study during the inclusion period from January 2012 to December 2013.  

 

7.1.0 Muscle strength in affected and non-affected leg 

The knee extensors were significantly weaker in the affected leg than in the non-affected leg          

(p < 0.01), whereas for knee flexors the difference between the two legs was insignificant               

(p = 0.51). The average strength of the knee extensors in the affected leg corresponded to 89.1% 

(SD 30.2) of that of the non-affected leg.  

 

7.1.1 Muscle strength vs. functional performance / patient-reported measures 

An overall association between functional performance and concentric and isometric knee extensor 

and knee flexor muscle strength in the affected and non-affected leg was found, except for the 

6MWT (Table 7). Furthermore, we found no association between knee injury and osteoarthritis 

score (KOOS) subscales and any knee muscle strength parameters. In contrast, an overall 

association was found between the KOOS subscales and pain.  
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Table 7. Associations between functional performance measures and muscle strength*  

 CST (rep.)‡ TUG (sec)‡ 10mWT (sec)‡ 6MWT (m)‡ 

Muscle strength  
Crude Adjusted † Crude Adjusted † Crude Adjusted † Crude Adjusted † 

Affected leg β 

(p) 

β 

(p) 

β 

(p) 

β 

(p) 

β 

(p) 

β 

(p) 

β 

(p) 

β 

(p) 

Concentric extension 

peak torque (Nm) ‡ 

0.29 

(0.01) 

0.49  

(<0.01) 

-0.23 

(<0.01)  

-0.26 

(<0.01) 

-0.17 

(<0.01) 

-0.18 

(0.01) 

0.17 

(0.03) 

0.13 

 (0.18) 

Concentric flexion peak 

torque (Nm) ‡ 

0.28 

(<0.01) 

0.32 

(<0.01) 

-0.21 

(<0.01)  

-0.18 

(0.01) 

-0.17 

(<0.01) 

-0.16 

(<0.01) 

0.20 

(0.01) 

0.16 

(0.02) 

lsometric extension   peak 

torque (Nm) ‡ 

0.28 

(0.05) 

0.58 

(<0.01) 

-0.21 

(<0.01) 

-0.21 

(0.06)  

-0.17 

(<0.01)  

-0.19 

(0.02) 

0.18 

(0.03)  

0.19 

(0.09) 

lsometric flexion peak 

torque (Nm) ‡ 

0.28  

(0.02) 

0.43 

(<0.01) 

-0.14 

 (0.09) 

 -0.04 

 (0.73) 

 -0.12 

 (0.05) 

-0.06 

 (0.46) 

 0.14 

 (0.12)  

0.00 

(0.97) 

Non-affected leg         

lsometric extension peak 

torque (Nm) ‡ 

0.23 

(0.08) 

0.55 

(<0.01) 

 -0.24 

 (<0.01) 

 -0.27 

 (0.03) 

 -0.16 

 (<0.01) 

 -0.17 

 (0.07) 

 0.14 

 (0.10)  

0.06 

(0.65) 

lsometric flexion peak 

torque (Nm) ‡ 

0.27 

(0.06) 

0.34 

(0.06) 

-0.21 

 (0.02) 

-0.16 

 (0.19) 

 -0.15 

 (0.03) 

 -0.10 

 (0.25) 

 0.21 

 (0.03)  

0.15 

(0.21) 

* Analysed by linear regression; † Adjusted for age, sex, height, and weight; ‡ Log-transformed data; β, Regression coefficient.  

Abbreviations: CST, 30-s chair stand test; TUG, timed-up-and-go; 10mWT, 10m walk test; 6MWT, 6-m walk test;  

rep, repetitions. 
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7.1.2 Concentric vs. isometric muscle strength 

Generally, the concentric knee flexor muscle strength was more strongly associated with functional 

performance than the isometric knee flexor strength. Concentric knee flexor strength was more 

closely associated with the TUG, 10mWT, and the 6MWT than isometric knee flexor strength, but 

no difference was found between concentric and isometric knee extensor strength in any test of 

functional performance.  

 

7.1.3 30sCST vs. TUG and walking 

The 30sCST was the test that was most strongly associated with all parameters of muscle strength. 

30sCST was more closely associated with both concentric and isometric knee extensor and knee 

flexor than the TUG and the walking tests (Table 8). 
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Table 8. Comparison of associations between functional performance and muscle strength measures 

 CST vs. TUG CST vs.  

10mWT 

CST vs. 6MWT TUG vs.  

10 mWT 

10mWT vs. 6MWT 

Affected leg      

Concentric knee extension  

peak torque (Nm) 

CST>TUG 

p<0.01 

CST>10 mWT 

p<0.01 

CST>6MWT 

p<0.01 

TUG>10mWT 

p<0.01 

10mWT>6MWT 

p<0.01 

Concentric knee flexion 

peak torque (Nm) 

CST>TUG 

p<0.01 

CST>10 mWT 

p<0.01 

CST>6MWT 

p<0.01 

TUG<10mWT 

p<0.01 

10mWT>6MWT 

p<0.01 

Isometric knee extension 

peak torque (Nm) 

CST>TUG 

p<0.01 

CST>10 mWT 

p<0.01 

CST>6MWT 

p<0.01 

TUG<10mWT 

p<0.01 

10mWT>6MWT 

p<0.01 

Isometric knee flexion 

peak torque (Nm) 

CST>TUG 

p<0.01 

CST>10 mWT 

p<0.01 

CST>6MWT 

p<0.01 

     ---      --- 

Non-affected leg      

Isometric knee extension 

peak torque (Nm) 

CST>TUG 

p<0.01 

CST>10 mWT 

p<0.01 

CST>6MWT 

p<0.01 

TUG>10mWT 

p<0.01 

    --- 

Isometric knee flexion 

peak torque (Nm) 

    ---     ---     ---     ---     --- 

* Analysed by Pitman’s test. CST, 30-s chair stand test; TUG, timed-up-and-go; 10mWT, 10-m walk test; 6MWT, 6 minute walk test;                              

>, indicates stronger association; <, indicates weaker association.  
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7.2 Paper III 

7.2.0 Baseline findings and adherence 

In total 30 patients were randomized to the intervention group and 29 to the control group. No 

significant differences between the randomization groups were seen at baseline (Table 9). In total 

one patient (3.3%) dropped out of the intervention group, while seven patients (24.1%) dropped out 

of the control group. None of the patients missed training sessions or were discontinued from the 

study due to adverse events related to the intervention. The adherence was 94.0% (SD 8.4) 

preoperatively and 100% postoperatively in the intervention group and 94.2% (SD 21.2) 

postoperatively in the control group.   

 

Table 9. Baseline characteristics of the intervention and control group 

Characteristics         PRT group                            Control group        

Sex (female/male) (no.) 19/11 17/12 

Age (years) 70.7 (7.3) 70.1 (6.4)  

Height (m)* 1.67 [1.45-1.84] 170.0 [1.46-1.97] 

Weight (kg)* 83.6 [56.8-117.2] 91.9 [66.2-137.4] 

Body mass index (kg/m2)* 30.0 [22.6-42.5] 31.8 [24.3-42.2] 

Pain medication (non-prescribed)  

0 days/1-4 days/5-7 days per week (n) 8/6/16 11/7/11 

Pain medication (prescribed) 

0 days/1-4 days/5-7 days per week (n) 22/1/7 18/2/9 

Knee arthroplasty of opposite leg (n) 3 4 

Smoker (n) 3 4   

Job (n) 4 4   
Values are means (standard deviation) or * median [range]. † Measured on 11-point numerical rating scale. £ Measured 1 

cm above basis of patella 
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7.2.1 Comparison of changes from baseline to 6 weeks post-TKA 

Primary outcome 

An overall time*group interaction was found. At the primary time-point of interest, a significant 

difference between changes of the 30sCST performance from baseline to 6 weeks postoperatively in 

the intervention group vs. the control group was found, 2.5 (0.9;4.1) and -1.1 (-2.8;0.7), 

respectively, p < 0.004 (Figure 6A).  

 

Figure 6 A. 30-s chair stand test between groups (mean (standard error of the mean (SEM))) B. Timed-up-and-go 

between groups (mean (SEM)). * p  ≤ 0.05; ** p < 0.01. 

 

Secondary outcomes 

An overall time*group interaction was found for the TUG (Figure 6B). At the primary time-point of 

interest, the TUG showed a significant difference between changes from baseline to 6 weeks post-

TKA between groups, whereas the walking tests did not (Table 10). At the time-point 6 weeks post-

TKA all muscle strength parameters showed significant improvements in the intervention group 

compared to the control group of the involved leg (Figure 7A and 7B), and this also was the case in 
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the knee extensors in the non-involved leg (Table 11). No differences were found between the 

groups in any patient-reported outcomes, except for the KOOS sport subscale. 

 

 

 

 

 

 

 

Figure 7 A. Isometric extension between groups (mean (SEM)) B. Isometric flexion between groups (mean (SEM)).      

* p  ≤ 0.05; ** p < 0.01. 
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Table 10. Mean and differences between intervention and control group at each test points in functional capacity outcomes  

 
Outcome 

 
Baseline 

Mean 
(SD) 

 

 
Test 2 

Mean (SD) 

 
 ∆ test 2 

Mean (CI) 
p 

 
Test 3 

Mean (SD) 
 

 
∆ test 3 

Mean (CI) 
p 

 
Test 4 Mean 

(SD) 
 
 

 
∆ test 4 

Mean (CI) 
p 

 
Test 5 

Mean (SD) 
 

 
∆ test 5 

Mean (CI) 
p 

30sCST (rep)  

PRT 
Control 

10.8 (5.1) 
10.4 (3.3) 

13.3 (5.1) 
11.1 (2.9) 

2.5 (1.6;3.4) 
0.3 (-0.6;1.3) 

0.001 

4.4 (5.1) 
2.2 (3.5) 

 

-6.4 (-8.0;-4.9) 
-8.2 (-9.9;-6.6) 

0.116 

13.3 (5.0) 
9.6 (4.4) 

 

2.5 (0.9;4.1) 
-1.1 (-2.8;0.7) 

0.004 

14.7 (4.7) 
11.0 (4.4) 

 

3.9 (2.5;5.3) 
 0.2 (-1.4;1.7) 

0.001 

TUG (sec)           
PRT 
Control 

9.1 (2.6) 
9.3 (3.0) 

 

8.2 (2.3) 
9.3 (3.1) 

-0.8 (-1.4;-0.2) 
0.2 (-0.5;0.9) 

 0.034 

14.8 (5.2) 
17.0 (5.6) 

 

5.8 (4.2;7.4) 
8.3 (6.4;10.1) 

0.044 

8.3 (2.3) 
10.0 (2.4) 

 

-0.7 (-1.6;0.1) 
0.8 (-0.1;1.7) 

0.015 

7.9 (2.3) 
8.9 (2.1) 

 

-1.2 (-1.9;-0.5) 
-0.1 (-0.9;0.7) 

0.050 

10mWT (sec)           
PRT 
Control 

7.7 (1.8) 
7.9 (1.5) 

7.3 (1.6) 
8.0 (2.0) 

 

-0.3 (-0.7;0.1) 
0.2 (-0.2;0.7) 

0.114 
 

12.5 (4.9) 
14.4 (5.6) 

5.0 (3.3;6.7)  
6.6 (4.6;8,5) 

0.225 

7.6 (1.8) 
8.6 (1.6) 

 

<0.01 (0.6;0.6)   
0.7 (0.1;1.4) 

0.119 

7.1 (1.5) 
7.7 (1.2) 

 

-0.6 (-1.1;-0.1) 
-0.1 (-0.6;0.5)  

0.216 

6MWT (m)          
PRT 
Control 

404 (119) 
408 (63) 

434 (101) 
427 (76) 

 

23.2 (4.7;41.6) 
 9.4 (-11.1;30.0) 

0.330 

258 (93) 
226 (82) 

 

 -156.5 (-194.5;-118.5) 
 -183.1 (-222.6;-143.7) 

0.341 

424 (103) 
376 (83) 

16.8 (-20.4;54.0) 
-33.5 (-74.1;7.1) 

0.074 

449 (94) 
433 (74) 

41.2 (7.1;75.3) 
8.4 (-29.5;46.3) 

0.208 
 

∆, changes from baseline to; 30sCST, 30-s chair stand test; TUG, Timed-up-and-go test; 10MWT, 10-m walk test; 6MWT, 6 minute walk test   
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Table 11. Mean and differences between intervention and control group at each test points in muscle strength outcomes  

 
Outcome 

 
Baseline   

Mean (SD) 

 
Test 2 

Mean (SD) 

 
∆ test 2 

Mean (CI) 
p 

 
Test 3 

Mean (SD) 
 

 
∆ test 3 

Mean (CI) 
p 

 
Test 4  

Mean (SD) 
 

 
∆ test 4 

Mean (CI) 
p 

 
Test 5 

Mean (SD) 
 

 
∆ test 5 

Mean (CI) 
P 
 

Involved leg 
 
Isokinetic ext. 
(Nm) 

         

Intervention 
Control 

71.0 (35.4) 
80.9 (37.0) 

80.0 (40.7) 
87.6 (40.8) 

8.5 (2.7;14.3)  
3.5 (-3.0;10.1)  

0.267 

--- --- 
 

61.6 (23.5) 
53.6 (25.6) 

 

-10.5 (-19.1;-1.9)  
-29.8 (-39.0;-20.6) 

0.003 

71.6 (26.8) 
64.1 (25.3) 

 

0.3 (-8.1;8.7) 
-21.1 (-30.3;-11.8) 

0.001 

Isokinetic flex. 
(Nm) 

         

Intervention 
Control 

37.9 (25.3) 
45.5 (23.9) 

47.0 (25.3) 
51.0 (26.4) 

8.8 (3.5;14.1)  
4.1 (-1.8;9.9) 

0.241 

--- --- 41.2 (22.2) 
33.5 (22.6) 

 

2.3 (-5.0;5.7) 
 -13.7 (-21.8;-5.7)  

0.004 

45.7 (21.2) 
38.6 (19.9) 

7.7 (0.6;14.8) 
-9.9 (-17.7;-2.1)  

0.001 

Isometric ext.  
(Nm) 

         

Intervention 
Control 

85.7 (32.6) 
94.0 (41.8) 

100.4 (40.1) 
97.9 (46.2) 

14.3 (8.1;20.5) 
-3.7 (-10.5;3.0) 

<0.001 

--- --- 74.6 (26.4) 
58.7 (30.2) 

-15.2 (-24.4;-6.0) 
-38.0 (-48.3;-27.7) 

0.001 

85.5 (29.5) 
73.4 (28.6) 

0.3 (-8.3;8.9) 
-25.7 (-35.5;-16.0) 

<0.001 

Isometric flex.  
(Nm) 

         

Intervention 
Control 

53.1 (24.4) 
57.34 (29.7) 

63.4 (27.7) 
57.1 (24.1) 

10.4 (3.9;16.9)  
-1.5 (-8.3;5.4) 

0.014 

--- --- 64.0 (39.0) 
46.4 (17.8) 

8.7 (-3.6;21.0) 
-12.1 (-26.2;1.9) 

0.029 

60.0 (27.0) 
55.0 (20.4) 

8.4 (-0.6;17.5) 
-5.8 (-16.3;4.6) 

0.043 

 Continued 
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Table 11 Continued 

 
Non-involved 
leg 
 
Isometric ext.  
(Nm) 

          

Intervention  
Control 

103.8 (43.6) 
108.0 (50.6) 

116.2 (39.5) 
117.8 (50.8) 

11.2 (3.0;19.4) 
2.9 (-6.0;11.8) 

0.178 

117.7 (39.3) 
116.6 (46.3) 

12.8 (5.7;19.8) 
3.9 (-4.0;11.7) 

0.100 

122.0 (40.9) 
 114.7 (46.0) 

13.0 (4.7;21.4)  
0.1 (-9.0;9.3)  

0.041 

113.9 (44.2) 
120.1 (54.5) 

9.5 (2.1;16.9) 
-1.6 (-10.2;7.1) 

0.058 

Isometric flex.  
(Nm) 

         

Intervention 
Control 

52.6 (21.9) 
55.3 (23.0) 

61.8 (28.1) 
62.3 (28.6) 

8.6 (1.6;15.7) 
6.7 (-1.0;14.5) 

0.721 

60.0 (22.7) 
61.7 (35.2) 

6.3 (-2.2;14.8) 
7.0 (-2.6;16.7)  

0.912 

59.9 (20.3) 
54.5 (22.2) 

5.7 (-1.1;12.6)  
0.2 (-7.4;7.8)  

0.293 

60.0 (23.4) 
61.0 (27.7) 

7.0 (1.0;12.9)  
2.9 (-4.1;9.8)  

0.381 
 

∆, Difference between changes from baseline to; ext., extension; flex., flexion.  
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7.3 Paper IV 

Of the 30 included patients, one patient dropped out of the study due to a herniated disc during the 

training period. No drop-outs and adverse events related to the training intervention were recorded.   

Table 12 shows knee joint pain at rest before and after each training session. At many test points, 

the patients stated no pain. Median differences of the pain from before to after each training session 

varied from 0 to 2. Pain after training was unchanged over time (p = 0.99).  

 

Table 12.  Pain at rest measured on a numeric rating scale before and after each training session.  

 

 
 
  
 
 
 
 

 

 

 

 

 

 

                              #IQR, interquartile range 

 

Mean differences of the knee joint circumference from before to after a single session varied from 

0–0.4 cm (Figure 8), and was statistically unchanged throughout all training sessions (p = 0.99). 

 

 Before training After training 

Session Median IQR# Median IQR# 

1 0.5 0–2 0 0–2 

2 1 0–2 0 0–2 

3 0 0–2 0 0–1 

4 0 0–1 0 0–1 

5 0 0–1 0 0–1 

6 0 0–2 0 0–2 

7 0 0–1 0 0–2 

8 0 0–1 0 0–2 

9 0 0–1.5 0.5 0–2 

10 1 0–2 0 0–2 

11 0 0–1 0 0–1 

12 0 0–1 0 0–1 
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Figure 8  Difference in knee circumference from before to after each training sessions. Bars indicate (means (SEM)). At 

training session 10, the mean difference is 0. Effusion after training was unchanged over time, p = 0.99 (repeated 

measures (ANOVA)).   

 

Maximal muscle strength improved: unilateral leg press mean 18% ± 30 (p = 0.03), knee extension 

mean 81% ± 156 (p < 0001) and knee flexion mean 53% ± 57 (p < 0.001). 

There was no significant correlation between maximal muscle strength and knee joint pain and 

effusion (p > 0.07). 
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8. Discussion 

The main findings of the present PhD thesis were that supervised pre- and postoperative PRT 

improved functional performance and increased knee extensor and knee flexor muscle strength 

when compared to postoperative PRT alone at 6 weeks postoperatively. The improvements were 

achieved without increasing pain or causing knee effusion. However, in contrast to our hypothesis, 

no significant improvement was found in preoperative PRT in patient-reported functional 

performance and health-related quality of life except for the KOOS subscale “sports”. PRT was safe 

when performed both preoperatively and postoperatively in terms of no observed adverse events 

and an excellent adherence rate (Paper III and Paper IV). 

At baseline, 6 weeks before TKA, the knee extensors were weaker in the affected leg than in the 

non-affected leg; whereas no statistical difference was found between the knee flexor muscles. In 

general, knee extensor and knee flexor muscle strength were associated with functional 

performance test outcomes, except for the 6MWT. However, no association between patient-

reported knee function and muscle strength was observed. Isokinetic muscle strength generally 

showed a closer association with functional performance test outcomes than isometric muscle 

strength. Finally, the 30sCST was the functional performance test that was most closely associated 

with the various parameters of muscle strength investigated in this PhD thesis (Paper II). 

Only three randomized controlled trials evaluating the effects of PRT before and after TKA were 

found after a systematic literature search in nine databases for our review (Paper I). The large 

heterogeneity of the studies limits the strength of any conclusions that may be drawn from this 

review and excludes further application of meta-analytical procedures. Nonetheless, some important 

points may be made. TKA patients tolerated PRT without suffering side effects or adverse events, 

and their adherence was consistently excellent in studies reporting adherence outcomes.  

Only two studies have specifically investigated the effect of preoperative PRT (69,70), one included 

in the review, and a recent study published later (16). In the study by McKay et al. 6-week bilateral 

lower-body PRT intervention was compared to an upper-body PRT intervention, and the findings 

demonstrated a statistically significant time*group effect on the SF-36 mental component score and 

non-significant improvements of quadriceps strength and walking speed immediately before TKA. 

However, 6 weeks postoperatively, the improvements were lost as compared to the control group 

(69). In the study by Leeuwen et al., a 6-week standard training program with additional PRT was 
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not more efficacious than standard training alone when assessed on muscle strength and functional 

performance immediately before TKA and 6 and 12 weeks after TKA (70). The significant 

improvements in our study may be a result of a higher training intensity, application of unilateral vs. 

bilateral training, involvement of more muscle groups around the knee, or caused by a larger sample 

size that increased the power of the study.   

A recent systematic review and meta-analysis identified seven studies of preoperative rehabilitation 

before TKA. It was concluded that no outcome was consistently improved following preoperative 

interventions as compared to controls, with the exception of a trend toward the length of hospital 

stay being shorter (60). Another systematic review concluded that there is low-to-moderate 

evidence from mostly small randomized controlled trials demonstrating that pre-operative exercise 

interventions may reduce pain in TKA patients (61). However, none of the studies included in the 

reviews have applied high-intensity resistance training programs.     

The impact of the preoperative PRT intervention on postoperative recovery in our study was not the 

same as reported in previous exercise studies. The reason for this may be attributed to several 

factors. The training protocol in our study differs from previous studies because we applied high 

exercise intensity according to the progressive overload principle. The training physiotherapist 

supervised and ensured that patients continually trained close to the maximum of their capability 

and followed the plan of progression. The patients trained unilaterally, and the training volume (the 

summation of the total number of repetitions performed during a training session multiplied by the 

load) of each muscle group within each training session was high compared to previous studies. 

Since the training took place in small groups, the competitive element might also have optimized 

the training intensity.  

In a recent review by Hoogeboom et al., studies investigating the effect of preoperative exercises on 

functional performance after TKA and THA was evaluated on a therapeutically validity scale (132). 

It was concluded that studies scored low on the therapeutic validity scale, evaluated in terms of e.g. 

whether the exercise programs were in line with the latest research, had sufficient volume and were 

tailored to the potential of the participants. Hence, the poor therapeutic validity of the exercise 

programs may have hampered potentially beneficial effects. Regarding therapeutic validity, we 

consider that our study has a high score on the therapeutic validity scale as the training protocol was 

designed according to the principles recommended by the American College of Sports Medicine 
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(63), e.g. high training intensity and volume of all weak muscles around the involved knee, plan for 

progression ensured by special trained physiotherapists, and a high training frequency. 

Calculation of the minimal detectable change of the 30sCST was not the aim of the current study 

and has not been identified elsewhere in patients with knee OA or TKA patients. However, in older 

adults with type 2 diabetes, a change of 3.35 repetitions was reported as the minimal detectable 

change (133). Hence, the efficacy in our study at the primary test point exceeds this value, 

suggesting that the results can be considered reliable. No data exist on the minimal clinical relevant 

change of the 30sCST, but the substantial change of 35.2% between the intervention group and the 

control group from baseline to 6 weeks after TKA indicates that the improvement is clinically 

relevant. 

The observed discrepancy between the results of objectively assessed functional performance and 

patient-reported functional performance is in accordance with other studies concluding that 

measured functional performance is associated with muscle strength and patient-reported functional 

performance to pain (134,135). It could be argued that this would limit the clinical relevance of the 

intervention, but it could also reflect poor responsiveness of the patient-reported scales or the 

patients’ ability to cope with their deficits.    

Interesting, a recent systematic review that included 48 studies investigated the effect of exercise 

programs on pain and patient-reported disability in knee OA. It was concluded that exercise 

programs focusing on a single type of exercise were more efficacious in reducing pain and patient-

reported disability than those mixing several types of exercise with different goals within the same 

session (134). This conclusion supports our exercise approach and ought to be taken into account 

when planning exercise interventions before and after TKA.   

All patients followed the same postoperative PRT protocol; hence, we get no answers on the impact 

of postoperative PRT. However, it seems plausible that muscles that are stimulated and conditioned 

through PRT preoperatively are more responsive to the high-intensity exercise program performed 

postoperatively.  

We included two studies in our review that investigated PRT after surgery (Paper I). Johnson et al. 

investigated PRT in comparison with a group receiving whole body vibration initiated 3 to 6 weeks 

after surgery and found no difference between groups on any of the outcomes. Petterson et al. found 

improved functional performance and increased muscle strength of PRT compared to a control 
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group following standard care 12 months after TKA (72). However, the control group was not 

randomized (72). Two recent studies have been published subsequently (87,91). Madsen et al. 

investigated supervised group-based rehabilitation including PRT compared to supervised, home-

based rehabilitation with late intervention start (4–8 weeks postoperatively) and Jakobsen et al. 

investigated 7 weeks of physical rehabilitation (with PRT) early after TKA (within the first week 

after TKA) and compared it to physical rehabilitation without PRT. None of the studies found an 

effect of adding PRT to standard rehabilitation. Only one of the four PRT studies showed an effect 

of PRT, even though a review had concluded that high-intensity exercise programs were more 

effective than low-intensity (71). 

At discharge from hospital, up to 80% of quadriceps muscle strength is lost, despite fast-track 

surgery that includes early mobilization and exercises (136). From a logical point of view and 

supported by this study, a preoperative PRT optimization program may prevent some of this 

massive strength loss. We failed to obtain muscle strength measurements 1 week after surgery, but 

we found a statistically significant difference between groups in the TUG and a trend toward 

improved 30sCST, 10mWT, and 6MWT in comparison to the control group.  

Generally, the patients experienced none to mild knee pain at rest both before and after the training 

sessions. It is possible that the patients had experienced higher levels of pain during the exercises, 

but even so, the pain sensation is a temporary phenomenon that is normalized when the training 

exercises end. Only limited swelling was observed after each training session (from 0 to 0.4 cm), 

and this did not increase over the training period. We consider this minor increase of knee 

circumference after training to have no clinical relevance since the patients managed to increase 

muscle strength substantially (Paper IV).    

The 30sSTS was chosen as the primary outcome because it is a functional performance test 

associated with muscle strength (102-106). We confirmed this association, and found additionally 

that 30sCST was more strongly associated with muscle strength than the TUG and walking tests 

(Paper II).  
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Methodological consideration and limitations 

The greatest limitation of the work in this PhD thesis is that we failed to include the planned 70 

patients, increasing the risk of a type 2 error. Due to the time schedule for this PhD thesis, we had to 

stop inclusion before reaching the planned 70 patients. However, the efficacy of the preoperative 

PRT on the primary outcome at the primary time point was greater than expected, and thus we 

demonstrated a significant effect even though the 70 patient target was not reached.  

Selection bias may have occurred because the patients had to accept participation in a training 

intervention and transport to the training site. The patients with few physical and mental resources 

may not be interested in participating in such a study. However, the group of patients denying 

participation due to problems with transport was only a small group.  

Another limitation was that only the assessor was blinded in relation to the patients’ group 

affinities. It is, however, very difficult to blind patients and training physiotherapists to an exercise 

intervention because a placebo intervention is easily revealed by both patients and physiotherapists.  

Due to knee pain and restricted range of motion, it was not possible to obtain useful measurements 

of the operated leg at the test 1 week postoperatively. Moreover, several further measurements 

would have been relevant to assess, e.g. isokinetic muscle strength measures of the non-involved 

leg and hip abductor and adductor muscle strength, but since the duration of each test session was 

2½ hours, it was not feasible to perform further measurements.   

A 3-arm design with the third arm as a genuine control group would clarify a possible effect of the 

postoperative training intervention. However, the patient population was not large enough to allow 

for three groups.        

Despite a comprehensive literature search (Paper I), we only found a few studies about PRT before 

and/or after TKA. Furthermore, the studies were heterogenic and the methodological quality 

generally low, which prevented clear conclusions.   
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9. Conclusion 

Paper I 

PRT is safe and feasible before and/or after THA. PRT is safe, but the methodological quality of 

existing evidence permits no conclusion on the effectiveness of PRT before and/or after TKA. 

Paper II 

Future rehabilitation programs should include both the knee extensor muscles and the knee flexor 

muscles to improve functional performance. The 30sCST is a proxy measure of the knee extensors 

and the knee flexors. 

Paper III 

Supervised preoperative PRT is an efficacious and safe intervention for improving postoperative 

functional performance and muscle strength, but not for improving patient-reported functional 

performance and health-related quality of life. 

Paper IV 

PRT of the affected leg initiated shortly before TKA does not exacerbate knee joint pain and 

effusion despite a substantial increase in muscle strength. 
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10. Perspectives and future research 

The findings of the present PhD thesis have shown that a short pre-operative PRT program is 

efficient in regard to improving recovery after surgery. This should be considered by the knee 

surgeons when planning TKA surgeries. TKAs are mainly performed on older people for whom it is 

very important to remain as independent as possible.  

Therapists and clinicians can extract practical inspiration regarding intensity, duration, and volume 

from the study and apply this to their patients. Knee flexor muscle strength is shown to be important 

in functional performance and should be included in future rehabilitation programs. The 30sCST is 

shown to be closely associated with muscle strength and could be applied as an easy and fast tool in 

the evaluation of strength training programs.    

The study has also raised new questions for future research. 1) In the present study, the preoperative 

intervention was short and efficient. An extended intervention period might improve functional 

performance even further. 2) The efficacy of the postoperative PRT intervention is not clear from 

the current study. A randomized study with the postoperative PRT intervention from this study 

compared with a control group receiving home-based training would clarify this issue. 3) We have 

investigated the training program’s impact on knee extensor and flexor muscle strength and the 

associations with functional performance. However, the training program’s impact on the hip 

abductor, adductor and extensor muscle strength and its association with functional performance 

would be of interest to investigate. 4) Since preoperative training programs are not a part of usual 

care before TKA in Denmark, health economic analyses of a preoperative intervention would be 

highly relevant to carry out. 5) Since the onset and progression of knee OA is associated with 

decreased knee extensor muscle strength, it would be of interest to investigate whether the PRT 

program applied in an earlier phase would postpone the progression of the OA.             

 

 

 

 

 



63 
 

11. References 

(1) Slemenda C, Heilman DK, Brandt KD, Katz BP, Mazzuca SA, Braunstein EM, et al. Reduced 

quadriceps strength relative to body weight: a risk factor for knee osteoarthritis in women? Arthritis 

Rheum 1998 Nov;41(11):1951-1959.  

(2) van Saase JL, van Romunde LK, Cats A, Vandenbroucke JP, Valkenburg HA. Epidemiology of 

osteoarthritis: Zoetermeer survey. Comparison of radiological osteoarthritis in a Dutch population 

with that in 10 other populations. Ann Rheum Dis 1989 Apr;48(4):271-280.  

(3) Kennedy D, Stratford PW, Pagura SM, Walsh M, Woodhouse LJ. Comparison of gender and 

group differences in self-report and physical performance measures in total hip and knee 

arthroplasty candidates. J Arthroplasty 2002 Jan;17(1):70-77.  

(4) Peat G, McCarney R, Croft P. Knee pain and osteoarthritis in older adults: a review of 

community burden and current use of primary health care. Ann Rheum Dis 2001 Feb;60(2):91-97.  

(5) Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best Pract Res Clin Rheumatol 

2014 Feb;28(1):5-15.  

(6) KELLGREN JH, LAWRENCE JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis 

1957 Dec;16(4):494-502.  

(7) Spector TD, MacGregor AJ. Risk factors for osteoarthritis: genetics. Osteoarthritis Cartilage 

2004;12 Suppl A:S39-44.  

(8) Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG, Jordan JM, et al. Osteoarthritis: 

new insights. Part 1: the disease and its risk factors. Ann Intern Med 2000 Oct 17;133(8):635-646.  

(9) Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D, Jones G. A meta-analysis of sex 

differences prevalence, incidence and severity of osteoarthritis. Osteoarthritis Cartilage 2005 

Sep;13(9):769-781.  

(10) Zhou ZY, Liu YK, Chen HL, Liu F. Body mass index and knee osteoarthritis risk: A dose-

response meta-analysis. Obesity (Silver Spring) 2014 Jul 3.  

(11) Jiang L, Tian W, Wang Y, Rong J, Bao C, Liu Y, et al. Body mass index and susceptibility to 

knee osteoarthritis: a systematic review and meta-analysis. Joint Bone Spine 2012 May;79(3):291-

297.  

(12) Sundhedsstyrelsen. Den nationale Sundhedsprofil 2013. 2014; Available at: www.sst.dk.  

(13) Statens Institut for Folkesundhed. De samfundsmæsige omkostninger ved artrose. 2014; 

Available at: www.si-folkesundhed.dk.  

(14) Leopold SS. Minimally invasive total knee arthroplasty for osteoarthritis. N Engl J Med 2009 

Apr 23;360(17):1749-1758.  

http://www.sst.dk/
http://www.si-folkesundhed.dk/


64 
 

(15) Arden N, Nevitt MC. Osteoarthritis: epidemiology. Best Pract Res Clin Rheumatol 2006 

Feb;20(1):3-25.  

(16) American College of Rheumatology (ACR). 2014; Available at: www.beforeitsnews.com.  

(17) Bennell KL, Wrigley TV, Hunt MA, Lim BW, Hinman RS. Update on the role of muscle in the 

genesis and management of knee osteoarthritis. Rheum Dis Clin North Am 2013 Feb;39(1):145-

176.  

(18) Mikesky AE, Mazzuca SA, Brandt KD, Perkins SM, Damush T, Lane KA. Effects of strength 

training on the incidence and progression of knee osteoarthritis. Arthritis Rheum 2006 Oct 

15;55(5):690-699.  

(19) Alnahdi AH, Zeni JA, Snyder-Mackler L. Muscle impairments in patients with knee 

osteoarthritis. Sports Health 2012 Jul;4(4):284-292.  

(20) Jubrias SA, Odderson IR, Esselman PC, Conley KE. Decline in isokinetic force with age: 

muscle cross-sectional area and specific force. Pflugers Arch 1997 Jul;434(3):246-253.  

(21) Lindle RS, Metter EJ, Lynch NA, Fleg JL, Fozard JL, Tobin J, et al. Age and gender 

comparisons of muscle strength in 654 women and men aged 20-93 yr. J Appl Physiol (1985) 1997 

Nov;83(5):1581-1587.  

(22) Frontera WR, Hughes VA, Fielding RA, Fiatarone MA, Evans WJ, Roubenoff R. Aging of 

skeletal muscle: a 12-yr longitudinal study. J Appl Physiol (1985) 2000 Apr;88(4):1321-1326.  

(23) Kamen G, Sison SV, Du CC, Patten C. Motor unit discharge behavior in older adults during 

maximal-effort contractions. J Appl Physiol (1985) 1995 Dec;79(6):1908-1913.  

(24) Stackhouse SK, Stevens JE, Johnson CD, Snyder-Mackler L, Binder-Macleod SA. 

Predictability of maximum voluntary isometric knee extension force from submaximal contractions 

in older adults. Muscle Nerve 2003 Jan;27(1):40-45.  

(25) Petterson SC, Barrance P, Marmon AR, Handling T, Buchanan TS, Snyder-Mackler L. Time 

course of quad strength, area, and activation after knee arthroplasty and strength training. Med Sci 

Sports Exerc 2011 Feb;43(2):225-231.  

(26) Petterson SC, Barrance P, Buchanan T, Binder-Macleod S, Snyder-Mackler L. Mechanisms 

underlying quadriceps weakness in knee osteoarthritis. Med Sci Sports Exerc 2008 Mar;40(3):422-

427.  

(27) Daigle ME, Weinstein AM, Katz JN, Losina E. The cost-effectiveness of total joint 

arthroplasty: a systematic review of published literature. Best Pract Res Clin Rheumatol 2012 

Oct;26(5):649-658.  

(28) Krummenauer F, Wolf C, Gunther KP, Kirschner S. Clinical benefit and cost effectiveness of 

total knee arthroplasty in the older patient. Eur J Med Res 2009;14:76-84.  

http://www.beforeitsnews.com/


65 
 

(29) Slover J, Espehaug B, Havelin LI, Engesaeter LB, Furnes O, Tomek I, et al. Cost-effectiveness 

of unicompartmental and total knee arthroplasty in elderly low-demand patients. A Markov decision 

analysis. J Bone Joint Surg Am 2006 Nov;88(11):2348-2355.  

(30) Carr AJ, Robertsson O, Graves S, Price AJ, Arden NK, Judge A, et al. Knee replacement. 

Lancet 2012 Apr 7;379(9823):1331-1340.  

(31) Robertsson O, Bizjajeva S, Fenstad AM, Furnes O, Lidgren L, Mehnert F, et al. Knee 

arthroplasty in Denmark, Norway and Sweden. A pilot study from the Nordic Arthroplasty Register 

Association. Acta Orthop 2010 Feb;81(1):82-89.  

(32) Danish Knee Arthroplasty Register. Annual report 2013.    . 2013; Available at: www.dkar.dk.  

(33) Jones CA, Pohar S. Health-related quality of life after total joint arthroplasty: a scoping review. 

Clin Geriatr Med 2012 Aug;28(3):395-429.  

(34) Lau RL, Gandhi R, Mahomed S, Mahomed N. Patient satisfaction after total knee and hip 

arthroplasty. Clin Geriatr Med 2012 Aug;28(3):349-365.  

(35) Fortin PR, Clarke AE, Joseph L, Liang MH, Tanzer M, Ferland D, et al. Outcomes of total hip 

and knee replacement: preoperative functional status predicts outcomes at six months after surgery. 

Arthritis Rheum 1999 Aug;42(8):1722-1728.  

(36) Fortin PR, Penrod JR, Clarke AE, St-Pierre Y, Joseph L, Belisle P, et al. Timing of total joint 

replacement affects clinical outcomes among patients with osteoarthritis of the hip or knee. Arthritis 

Rheum 2002 Dec;46(12):3327-3330.  

(37) Rasch A, Dalen N, Berg HE. Muscle strength, gait, and balance in 20 patients with hip 

osteoarthritis followed for 2 years after THA. Acta Orthop 2010 Apr;81(2):183-188.  

(38) Rossi MD, Brown LE, Whitehurst M. Knee extensor and flexor torque characteristics before 

and after unilateral total knee arthroplasty. Am J Phys Med Rehabil 2006;85(9):737-746.  

(39) Weigl M, Angst F, Stucki G, Lehmann S, Aeschlimann A. Inpatient rehabilitation for hip or 

knee osteoarthritis: 2 year follow up study. Ann Rheum Dis 2004 Apr;63(4):360-368.  

(40) Bade MJ, Kohrt WM, Stevens-Lapsley JE. Outcomes before and after total knee arthroplasty 

compared to healthy adults. J Orthop Sports Phys Ther 2010 Sep;40(9):559-567.  

(41) Walsh M, Woodhouse LJ, Thomas SG, Finch E. Physical impairments and functional 

limitations: a comparison of individuals 1 year after total knee arthroplasty with control subjects. 

Phys Ther 1998 Mar;78(3):248-258.  

(42) Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KD. Patient satisfaction after 

total knee arthroplasty: who is satisfied and who is not? Clin Orthop Relat Res 2010 Jan;468(1):57-

63.  

http://www.dkar.dk/


66 
 

(43) Brander VA, Stulberg SD, Adams AD, Harden RN, Bruehl S, Stanos SP, et al. Predicting total 

knee replacement pain: a prospective, observational study. Clin Orthop Relat Res 2003 

Nov;(416)(416):27-36.  

(44) Hawker G, Wright J, Coyte P, Paul J, Dittus R, Croxford R, et al. Health-related quality of life 

after knee replacement. J Bone Joint Surg Am 1998 Feb;80(2):163-173.  

(45) Total knee replacement. 2014; Available at: www.dranujagrawal.co.in.  

(46) Kehlet H, Wilmore DW. Fast-track surgery. Br J Surg 2005 Jan;92(1):3-4.  

(47) Kehlet H. Fast-track hip and knee arthroplasty. Lancet 2013 May 11;381(9878):1600-1602.  

(48) Kehlet H, Thienpont E. Fast-track knee arthroplasty -- status and future challenges. Knee 2013 

Sep;20 Suppl 1:S29-33.  

(49) Husted H, Jensen CM, Solgaard S, Kehlet H. Reduced length of stay following hip and knee 

arthroplasty in Denmark 2000-2009: from research to implementation. Arch Orthop Trauma Surg 

2012 Jan;132(1):101-104.  

(50) Ibrahim MS, Khan MA, Nizam I, Haddad FS. Peri-operative interventions producing better 

functional outcomes and enhanced recovery following total hip and knee arthroplasty: an evidence-

based review. BMC Med 2013 Feb 13;11:37-7015-11-37.  

(51) NIH Consensus Statement on total knee replacement. NIH Consens State Sci Statements 2003 

Dec 8-10;20(1):1-34.  

(52) Beaupre LA, Lier D, Davies DM, Johnston DB. The effect of a preoperative exercise and 

education program on functional recovery, health related quality of life, and health service 

utilization following primary total knee arthroplasty. J Rheumatol 2004 Jun;31(6):1166-1173.  

(53) D'Lima DD, Colwell CW,Jr, Morris BA, Hardwick ME, Kozin F. The effect of preoperative 

exercise on total knee replacement outcomes. Clin Orthop Relat Res 1996 May;(326)(326):174-182.  

(54) Rodgers JA, Garvin KL, Walker CW, Morford D, Urban J, Bedard J. Preoperative physical 

therapy in primary total knee arthroplasty. J Arthroplasty 1998 Jun;13(4):414-421.  

(55) Rooks DS, Huang J, Bierbaum BE, Bolus SA, Rubano J, Connolly CE, et al. Effect of 

preoperative exercise on measures of functional status in men and women undergoing total hip and 

knee arthroplasty. Arthritis Rheum 2006 Oct 15;55(5):700-708.  

(56) Topp R, Swank AM, Quesada PM, Nyland J, Malkani A. The effect of prehabilitation exercise 

on strength and functioning after total knee arthroplasty. PM R 2009 Aug;1(8):729-735.  

(57) Williamson L, Wyatt MR, Yein K, Melton JT. Severe knee osteoarthritis: a randomized 

controlled trial of acupuncture, physiotherapy (supervised exercise) and standard management for 

patients awaiting knee replacement. Rheumatology (Oxford) 2007 Sep;46(9):1445-1449.  

http://www.dranujagrawal.co.in/


67 
 

(58) Villadsen A, Overgaard S, Holsgaard-Larsen A, Christensen R, Roos EM. Immediate efficacy 

of neuromuscular exercise in patients with severe osteoarthritis of the hip or knee: a secondary 

analysis from a randomized controlled trial. J Rheumatol 2014 Jul;41(7):1385-1394.  

(59) Hoogeboom TJ, Dronkers JJ, van den Ende CH, Oosting E, van Meeteren NL. Preoperative 

therapeutic exercise in frail elderly scheduled for total hip replacement: a randomized pilot trial. 

Clin Rehabil 2010 Oct;24(10):901-910.  

(60) Silkman Baker C, McKeon JM. Does preoperative rehabilitation improve patient-based 

outcomes in persons who have undergone total knee arthroplasty? A systematic review. PM R 2012 

Oct;4(10):756-767.  

(61) 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 Dec;19(12):1381-1395.  

(62) Todd JS, Shurley JP, Todd TC. Thomas L. DeLorme and the science of progressive resistance 

exercise. J Strength Cond Res 2012 Nov;26(11):2913-2923.  

(63) American College of Sports Medicine. American College of Sports Medicine position stand. 

Progression models in resistance training for healthy adults. Med Sci Sports Exerc 2009 

Mar;41(3):687-708.  

(64) Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, et al. American 

College of Sports Medicine position stand. Quantity and quality of exercise for developing and 

maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: 

guidance for prescribing exercise. Med Sci Sports Exerc 2011 Jul;43(7):1334-1359.  

(65) Steib S, Schoene D, Pfeifer K. Dose-response relationship of resistance training in older adults: 

a meta-analysis. Med Sci Sports Exerc 2010 May;42(5):902-914.  

(66) Dalgas U, Stenager E, Jakobsen J, Petersen T, Hansen HJ, Knudsen C, et al. Resistance 

training improves muscle strength and functional capacity in multiple sclerosis. Neurology 2009 

Nov 3;73(18):1478-1484.  

(67) Lonbro S, Dalgas U, Primdahl H, Overgaard J, Overgaard K. Feasibility and efficacy of 

progressive resistance training and dietary supplements in radiotherapy treated head and neck 

cancer patients--the DAHANCA 25A study. Acta Oncol 2013 Feb;52(2):310-318.  

(68) Skoffer B, Dalgas U, Mechlenburg I. Progressive resistance training before and after total hip 

and knee arthroplasty: a systematic review. Clin Rehabil 2014 Jul 3.  

(69) McKay C, Prapavessis H, Doherty T. The effect of a prehabilitation exercise program on 

quadriceps strength for patients undergoing total knee arthroplasty: a randomized controlled pilot 

study. PM&R 2012 Sep;4(9):647-656.  

(70) van Leeuwen DM, de Ruiter CJ, Nolte PA, de Haan A. Preoperative strength training for 

elderly patients awaiting total knee arthroplasty. Rehabil Res Pract 2014;2014:462750.  



68 
 

(71) Pozzi F, Snyder-Mackler L, Zeni J. Physical exercise after knee arthroplasty: a systematic 

review of controlled trials. Eur J Phys Rehabil Med 2013 Dec;49(6):877-892.  

(72) Petterson SC, Mizner RL, Stevens JE, Raisis L, Bodenstab A, Newcomb W, et al. Improved 

function from progressive strengthening interventions after total knee arthroplasty: a randomized 

clinical trial with an imbedded prospective cohort. Arthritis Rheum 2009 Feb 15;61(2):174-183.  

(73) Johnson AW, Myrer JW, Hunter I, Feland JB, Hopkins JT, Draper DO, et al. Whole-body 

vibration strengthening compared to traditional strengthening during physical therapy in individuals 

with total knee arthroplasty. Physiother Theory Pract 2010 May;26(4):215-225.  

(74) Moffet H, Collet JP, Shapiro SH, Paradis G, Marquis F, Roy L. Effectiveness of intensive 

rehabilitation on functional ability and quality of life after first total knee arthroplasty: A single-

blind randomized controlled trial. Arch Phys Med Rehabil 2004 Apr;85(4):546-556.  

(75) Evgeniadis G, Beneka A, Malliou P, Mavromoustakos S, Godolias G. Effects of pre- or 

postoperative therapeutic exercise on the quality of life, before and after total knee arthroplasty for 

osteoarthritis. Journal of Back and Musculoskeletal Rehabilitation 2008;21(3):161-169.  

(76) Levine M, McElroy K, Stakich V, Cicco J. Comparing conventional physical therapy 

rehabilitation with neuromuscular electrical stimulation after TKA. Orthopedics 2013 

Mar;36(3):e319-24.  

(77) Liebs TR, Herzberg W, Ruther W, Haasters J, Russlies M, Hassenpflug J, et al. Multicenter 

randomized controlled trial comparing early versus late aquatic therapy after total hip or knee 

arthroplasty. Arch Phys Med Rehabil 2012 Feb;93(2):192-199.  

(78) Valtonen A, Poyhonen T, Sipila S, Heinonen A. Effects of aquatic resistance training on 

mobility limitation and lower-limb impairments after knee replacement. Arch Phys Med Rehabil 

2010 Jun;91(6):833-839.  

(79) Valtonen A, Poyhonen T, Sipila S, Heinonen A. Maintenance of aquatic training-induced 

benefits on mobility and lower-extremity muscles among persons with unilateral knee replacement. 

Arch Phys Med Rehabil 2011 Dec;92(12):1944-1950.  

(80) Harmer AR, Naylor JM, Crosbie J, Russell T. Land-based versus water-based rehabilitation 

following total knee replacement: a randomized, single-blind trial. Arthritis Rheum 2009 Feb 

15;61(2):184-191.  

(81) 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 

randomized clinical trial. Phys Ther 2010 Jun;90(6):880-894.  

(82) Liao CD, Liou TH, Huang YY, Huang YC. Effects of balance training on functional outcome 

after total knee replacement in patients with knee osteoarthritis: a randomized controlled trial. Clin 

Rehabil 2013 Aug;27(8):697-709.  



69 
 

(83) Fung V, Ho A, Shaffer J, Chung E, Gomez M. Use of Nintendo Wii Fit in the rehabilitation of 

outpatients following total knee replacement: a preliminary randomised controlled trial. 

Physiotherapy 2012 Sep;98(3):183-188.  

(84) Rajan RA, Pack Y, Jackson H, Gillies C, Asirvatham R. No need for outpatient physiotherapy 

following total knee arthroplasty: a randomized trial of 120 patients. Acta Orthop Scand 2004 

Feb;75(1):71-73.  

(85) Mockford BJ, Thompson NW, Humphreys P, Beverland DE. Does a standard outpatient 

physiotherapy regime improve the range of knee motion after primary total knee arthroplasty? J 

Arthroplasty 2008 Dec;23(8):1110-1114.  

(86) Kramer JF, Speechley M, Bourne R, Rorabeck C, Vaz M. Comparison of clinic- and home-

based rehabilitation programs after total knee arthroplasty. Clin Orthop Relat Res 2003 

May;(410)(410):225-234.  

(87) Madsen M, Larsen K, Madsen IK, Soe H, Hansen TB. Late group-based rehabilitation has no 

advantages compared with supervised home-exercises after total knee arthroplasty. Dan Med J 2013 

Apr;60(4):A4607.  

(88) Russell TG, Buttrum P, Wootton R, Jull GA. Internet-based outpatient telerehabilitation for 

patients following total knee arthroplasty: a randomized controlled trial. J Bone Joint Surg Am 2011 

Jan 19;93(2):113-120.  

(89) Tousignant M, Moffet H, Boissy P, Corriveau H, Cabana F, Marquis F. A randomized 

controlled trial of home telerehabilitation for post-knee arthroplasty. J Telemed Telecare 

2011;17(4):195-198.  

(90) Kauppila AM, Kyllonen E, Ohtonen P, Hamalainen M, Mikkonen P, Laine V, et al. 

Multidisciplinary rehabilitation after primary total knee arthroplasty: a randomized controlled study 

of its effects on functional capacity and quality of life. Clin Rehabil 2010 May;24(5):398-411.  

(91) Jakobsen TL, Kehlet H, Husted H, Petersen J, Bandholm T. Early progressive strength training 

to enhance recovery after fast-track total knee arthroplasty. A randomized controlled trial. Arthritis 

Care Res (Hoboken) 2014 Jul 29.  

(92) Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. Reliability of the PEDro scale 

for rating quality of randomized controlled trials. Phys Ther 2003 Aug;83(8):713-721.  

(93) de Morton NA. The PEDro scale is a valid measure of the methodological quality of clinical 

trials: a demographic study. Aust J Physiother 2009;55(2):129-133.  

(94) Staehli S, Glatthorn JF, Casartelli N, Maffiuletti NA. Test-retest reliability of quadriceps 

muscle function outcomes in patients with knee osteoarthritis. J Electromyogr Kinesiol 2010 

Dec;20(6):1058-1065.  



70 
 

(95) Knapik JJ, Wright JE, Mawdsley RH, Braun J. Isometric, isotonic, and isokinetic torque 

variations in four muscle groups through a range of joint motion. Phys Ther 1983 Jun;63(6):938-

947.  

(96) 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 Aug;28(2):88-96.  

(97) Peer MA, Lane J. The Knee Injury and Osteoarthritis Outcome Score (KOOS): a review of its 

psychometric properties in people undergoing total knee arthroplasty. J Orthop Sports Phys Ther 

2013 Jan;43(1):20-28.  

(98) Roos EM, Toksvig-Larsen S. Knee injury and Osteoarthritis Outcome Score (KOOS) - 

validation and comparison to the WOMAC in total knee replacement. Health Qual Life Outcomes 

2003 May 25;1:17.  

(99) Williamson A, Hoggart B. Pain: a review of three commonly used pain rating scales. J Clin 

Nurs 2005 Aug;14(7):798-804.  

(100) Dobson F, Hinman RS, Hall M, Terwee CB, Roos EM, Bennell KL. Measurement properties 

of performance-based measures to assess physical function in hip and knee osteoarthritis: a 

systematic review. Osteoarthritis Cartilage 2012 Dec;20(12):1548-1562.  

(101) Gill S, McBurney H. Reliability of performance-based measures in people awaiting joint 

replacement surgery of the hip or knee. Physiother Res Int 2008 Sep;13(3):141-152.  

(102) Brown K, Kachelman J, Topp R, Quesada PM, Nyland J, Malkani A, et al. Predictors of 

functional task performance among patients scheduled for total knee arthroplasty. J Strength Cond 

Res 2009 Mar;23(2):436-443.  

(103) Takai Y, Ohta M, Akagi R, Kanehisa H, Kawakami Y, Fukunaga T. Sit-to-stand test to 

evaluate knee extensor muscle size and strength in the elderly: a novel approach. J Physiol 

Anthropol 2009;28(3):123-128.  

(104) McCarthy EK, Horvat MA, Holtsberg PA, Wisenbaker JM. Repeated chair stands as a 

measure of lower limb strength in sexagenarian women. J Gerontol A Biol Sci Med Sci 2004 

Nov;59(11):1207-1212.  

(105) Yamada T, Demura S. Influence of the relative difference in chair seat height according to 

different lower thigh length on floor reaction force and lower-limb strength during sit-to-stand 

movement. J Physiol Anthropol Appl Human Sci 2004 Nov;23(6):197-203.  

(106) Bohannon RW. Alternatives for measuring knee extension strength of the elderly at home. 

Clin Rehabil 1998 Oct;12(5):434-440.  

(107) Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body strength in 

community-residing older adults. Res Q Exerc Sport 1999 Jun;70(2):113-119.  



71 
 

(108) Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional mobility for frail 

elderly persons. J Am Geriatr Soc 1991 Feb;39(2):142-148.  

(109) Mizner RL, Petterson SC, Clements KE, Zeni JA,Jr, Irrgang JJ, Snyder-Mackler L. 

Measuring functional improvement after total knee arthroplasty requires both performance-based 

and patient-report assessments: a longitudinal analysis of outcomes. J Arthroplasty 2011 

Aug;26(5):728-737.  

(110) Watson MJ. Refining the ten-metre walking test for use with neurologically impaired people. 

Physiotherapy 2002;88(7):386-397.  

(111) ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. 

ATS statement: guidelines for the six-minute walk test. Am J Respir Crit Care Med 2002 Jul 

1;166(1):111-117.  

(112) Kennedy DM, Stratford PW, Wessel J, Gollish JD, Penney D. Assessing stability and change 

of four performance measures: a longitudinal study evaluating outcome following total hip and knee 

arthroplasty. BMC Musculoskelet Disord 2005 Jan 28;6:3.  

(113) Jakobsen TL, Kehlet H, Bandholm T. Reliability of the 6-min walk test after total knee 

arthroplasty. Knee Surg Sports Traumatol Arthrosc 2013 Nov;21(11):2625-2628.  

(114) Rutherford OM, Jones DA. The role of learning and coordination in strength training. Eur J 

Appl Physiol Occup Physiol 1986;55(1):100-105.  

(115) Sale DG. Neural adaptation to resistance training. Med Sci Sports Exerc 1988 Oct;20(5 

Suppl):S135-45.  

(116) Sale DG, Martin JE, Moroz DE. Hypertrophy without increased isometric strength after 

weight training. Eur J Appl Physiol Occup Physiol 1992;64(1):51-55.  

(117) Brosseau L, Balmer S, Tousignant M, O'Sullivan JP, Goudreault C, Goudreault M, et al. 

Intra- and intertester reliability and criterion validity of the parallelogram and universal goniometers 

for measuring maximum active knee flexion and extension of patients with knee restrictions. Arch 

Phys Med Rehabil 2001 Mar;82(3):396-402.  

(118) Jakobsen TL, Christensen M, Christensen SS, Olsen M, Bandholm T. Reliability of knee joint 

range of motion and circumference measurements after total knee arthroplasty: does tester 

experience matter? Physiother Res Int 2010 Sep;15(3):126-134.  

(119) Gumpel JM, Matthews SA, Altman DG, Spencer JD, Wilkins EA. An objective assessment of 

synovitis of the knee: measurement of the size of the suprapatellar pouch on xeroradiography. Ann 

Rheum Dis 1980 Aug;39(4):359-366.  

(120) Verdijk LB, van Loon L, Meijer K, Savelberg HH. One-repetition maximum strength test 

represents a valid means to assess leg strength in vivo in humans. J Sports Sci 2009 Jan 1;27(1):59-

68.  



72 
 

(121) Gilbey HJ, Ackland TR, Tapper J, Wang AW. Perioperative exercise improves function 

following total hip arthroplasty: a randomized controlled trial. J Musculosketeletal Res 2003 

Jun;7(2):111-123.  

(122) Gilbey HJ, Ackland TR, Wang AW, Morton AR, Trouchet T, Tapper J. Exercise improves 

early functional recovery after total hip arthroplasty. Clin Orthop Relat Res 2003 

Mar;(408)(408):193-200.  

(123) Wang AW, Gilbey HJ, Ackland TR. Perioperative exercise programs improve early return of 

ambulatory function after total hip arthroplasty: a randomized, controlled trial. Am J Phys Med 

Rehabil 2002 Nov;81(11):801-806.  

(124) Suetta C, Andersen JL, Dalgas U, Berget J, Koskinen S, Aagaard P, et al. Resistance training 

induces qualitative changes in muscle morphology, muscle architecture, and muscle function in 

elderly postoperative patients. J Appl Physiol 2008 Jul;105(1):180-186.  

(125) Suetta C, Clemmensen C, Andersen JL, Magnusson SP, Schjerling P, Kjaer M. Coordinated 

increase in skeletal muscle fiber area and expression of IGF-I with resistance exercise in elderly 

post-operative patients. Growth Horm IGF Res 2010 Apr;20(2):134-140.  

(126) Suetta C, Magnusson SP, Rosted A, Aagaard P, Jakobsen AK, Larsen LH, et al. Resistance 

training in the early postoperative phase reduces hospitalization and leads to muscle hypertrophy in 

elderly hip surgery patients-a controlled, randomized study. J Am Geriatr Soc 2004 

Dec;52(12):2016-2022.  

(127) Suetta C, Aagaard P, Magnusson SP, Andersen LL, Sipila S, Rosted A, et al. Muscle size, 

neuromuscular activation, and rapid force characteristics in elderly men and women: effects of 

unilateral long-term disuse due to hip-osteoarthritis. J Appl Physiol 2007 Mar;102(3):942-948.  

(128) Suetta C, Aagaard P, Rosted A, Jakobsen AK, Duus B, Kjaer M, et al. Training-induced 

changes in muscle CSA, muscle strength, EMG, and rate of force development in elderly subjects 

after long-term unilateral disuse. J Appl Physiol 2004 Nov;97(5):1954-1961.  

(129) Husby VS, Helgerud J, Bjorgen S, Husby OS, Benum P, Hoff J. Early postoperative maximal 

strength training improves work efficiency 6-12 months after osteoarthritis-induced total hip 

arthroplasty in patients younger than 60 years. Am J Phys Med Rehabil 2010 Apr;89(4):304-314.  

(130) Husby VS, Helgerud J, Bjorgen S, Husby OS, Benum P, Hoff J. Early maximal strength 

training is an efficient treatment for patients operated with total hip arthroplasty. Arch Phys Med 

Rehabil 2009 Oct;90(10):1658-1667.  

(131) Peterson MD, Gordon PM. Resistance exercise for the aging adult: clinical implications and 

prescription guidelines. Am J Med 2011 Mar;124(3):194-198.  

(132) Hoogeboom TJ, Oosting E, Vriezekolk JE, Veenhof C, Siemonsma PC, de Bie RA, et al. 

Therapeutic validity and effectiveness of preoperative exercise on functional recovery after joint 

replacement: a systematic review and meta-analysis. PLoS One 2012;7(5):e38031.  



73 
 

(133) Alfonso-Rosa RM, Del Pozo-Cruz B, Del Pozo-Cruz J, Sanudo B, Rogers ME. Test-Retest 

Reliability and Minimal Detectable Change Scores for Fitness Assessment in Older Adults with 

Type 2 Diabetes. Rehabil Nurs 2013 Jun 18.  

(134) Juhl C, Christensen R, Roos EM, Zhang W, Lund H. Impact of exercise type and dose on pain 

and disability in knee osteoarthritis: a systematic review and meta-regression analysis of 

randomized controlled trials. Arthritis Rheumatol 2014 Mar;66(3):622-636.  

(135) Kauppila AM, Kyllonen E, Mikkonen P, Ohtonen P, Laine V, Siira P, et al. Disability in end-

stage knee osteoarthritis. Disabil Rehabil 2009;31(5):370-380.  

(136) Holm B FAU - Kristensen, Morten,T., FAU KM, Bencke JF, Husted HF, Kehlet HF, 

Bandholm T, et al. Loss of knee-extension strength is related to knee swelling after total knee 

arthroplasty. PM & R : the journal of injury, function, and rehabilitation JID - 101491319 

0421(1532-821).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



74 
 

List of appendices 

 

Appendix 1: Paper 1 

Skoffer B, Dalgas U, Mechlenburg I. Progressive resistance training before and after total hip and 

knee arthroplasty: A systematic review. Clin Rehabil. 2015 Jan;29(1):14-29. 

 

Appendix 2: Paper 2 

Skoffer B, Dalgas U, Mechlenburg I, Søballe K, Maribo T. Functional capacity is associated with 

both extensor and flexor strength in patients scheduled for Total Knee Arthroplasty: a cross-

sectional study. Journal of Rehabilitation Medicine 2014. Accepted for publication 

 

Appendix 3: Paper 3 

Skoffer B, Maribo T, Mechlenburg I, Hansen PM, Søballe K, Dalgas U. Efficacy of preoperative 

progressive resistance training on postoperative functional performance and muscle strength in 

patients undergoing total knee arthroplasty. A randomized controlled study. Submitted 

 

Appendix 4: Paper 4 

Skoffer B, Dalgas U, Maribo T, Søballe K, Mechlenburg I. No exacerbation of knee joint pain and 

effusion following preoperative progressive resistance training in patients scheduled for total knee 

arthroplasty. Submitted  

 

Appendix 5: List of theses from the orthopedic research group  

 

 


