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ABSTRACT 

The purpose of this study was to determine the cost-effectiveness of a home-based 

rehabilitation program (H) relative to a standard physiotherapy-supervised rehabilitation program 

(PT) in patients three months following anterior cruciate ligament (ACL) reconstruction. 

This randomized clinical trial recruited 145 recreationally active patients ( 16-59 years) 

booked for their first A C L reconstruction with a bone-patellar tendon-bone graft. WCB patients 

& elite athletes were excluded. A l l patients attended a pre-surgery education class. Patients were 

randomized to either the H or PT group before surgery. H patients attended structured 

physiotherapy sessions at 1,3,6 & 12 weeks post-surgery (total of 4). PT patients attended 17 

physiotherapy sessions over the first 12 weeks following surgery. A l l patients followed the same 

standardized rehabilitation program. Study outcome measures included knee flexion & extension 

range of motion (ROM), knee range of motion during gait, KT computerized arthrometer (anterior-

posterior knee laxity), isokinetic quadriceps and hamstrings strength, and the cost of each program 

from the viewpoints of the health care system, the patient, employers and society. Clinically 

acceptable outcomes: knee flexion & extension R O M within 5 ° of the contralateral knee, ligament 

laxity within 5 mm side to side difference, affected quadriceps strength > 50% of the contralateral 

and affected hamstrings strength >75% of the contralateral. 

Fisher's exact tests were used to determine differences in the number of acceptable 

outcomes in each group. 129 patients were available for 12 week follow-up. The H group had a 

significantly higher percentage of patients with acceptable flexion and extension R O M (p=0.03, 

/7=0.02 respectively). There were no significant differences between groups with respect to R O M 

ii i 



during gait (flexion:p=0.13, extension:/7=0.38), ligament laxity (/7=0.36) and strength (quadriceps: 

/7=0.27, hamstrings:/7=0.16). The mean difference in cost per patient favoured the H group from 

the viewpoints of the healthcare system ($303.69), patient ($81.45), employer ($546.55) and 

society ($729.79). The H program was therefore more effective and less costly than the PT 

program. 

These data demonstrate that a highly structured, minimally-supervised rehabilitation 

program is economically dominant in the first three months following A C L reconstruction. 
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CHAPTER ONE: INTRODUCTION 

1.1 Introduction to the Research Problem 

The anterior cruciate ligament (ACL) is one of the main stabilizing ligaments in the knee. 

Patients with A C L deficiency usually develop a chronic disease state that is characterized by 

instability, pain, further injury to the meniscal and articular cartilage and a poor quality of life ( 1 ). 

The goal of A C L reconstructive surgery is to restore the anatomical stability of the knee. According 

to health records from the Calgary Health Region, the number of A C L reconstructions performed 

has been increasing in recent years (308 reconstructions in 1997 up to 463 in 2000) (2). Given 

the lack of Canadian statistics, U.S. data would estimate that there are approximately 5000 A C L 

reconstructions per year in the Canadian population (3). 

The goal of rehabilitation is to restore the functional stability to the knee. This includes the 

range of motion, strength, function and neuromuscular feedback, and control of the knee. To 

achieve patient satisfaction and surgical success, the quality of the rehabilitation program is as 

critical as the quality of the surgery itself (4-6). Poor rehabilitation may lead to knee symptoms and 

the potential for further surgery (7-9). 

Traditionally, post-operative rehabilitation has been guided by physiotherapists or athletic 

therapists. While athletic therapy is covered by some extended health care insurance plans, these 

health care professionals are usually associated with the care of university (varsity) and semi-

professional or professional athletes. Therefore, post-operative rehabilitation forthe majority of 

patients undergoing A C L reconstruction is guided by physiotherapists. Access to physiotherapy 

has become more restricted due to changes in the health care system. Alberta has a unique 
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situation in that there is limited public funding available for privately delivered physiotherapy. This 

is not the case in other Canadian provinces. While restrictions to the health care budget in Alberta 

directly affect the amount of funding available for patients, patients in other provinces and countries 

are also impacted by the limited coverage provided by extended health care insurance policies and 

health management organization policies. Those funding and policy changes have resulted in less 

post-operative physiotherapy monitoring and an evolution towards patient directed exercise 

programs. That trend has occurred simultaneously with the increased use of accelerated 

rehabilitation programs (10-14). These programs place more emphasis on supervised rehabilitation 

(5), especially in the first three months following surgery. Therefore, the need exists to assess the 

inter-relation between the use of accelerated rehabilitation programs and the evolution towards 

patient directed (i.e., increasingly home-based) rehabilitation programs in the population of A C L 

reconstructed patients. 

A review of the current costs (1998) for the first three post-operative months of 

physiotherapy treatment (not including equipment) in Calgary showed an average cost to the health 

care system of $690.41 per patient (15,16). Two previous studies in the United States (5,17) 

have looked at the differences in home-based rehabilitation and physiotherapy-supervised 

rehabilitation after A C L reconstruction. The difference in health care services between Canada 

and the United States made the comparison difficult to interpret. In the U.S., patients had different 

expectations and were attracted to cost savings (17). Patients who were uninsured, young, 

employed in low skill or manual labour jobs were motivated to get back to work as soon as 

possible ( 18). In addition, there are multiple insurers and different pay scales for physiotherapy 
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visits compared to Canada. 

To evaluate the cost of A C L rehabilitation, information from all the cost-incurring 

viewpoints was required. These viewpoints include the patient, the health care system, the 

insurance system and patients' employers. To date, that has not been performed in the Canadian 

or any other health care system. When evaluating the cost-effectiveness of a new (rehabilitation) 

program, the cost analysis must be designed such that the costs of the two programs can be 

compared. Given the current status of A C L rehabilitation, it is therefore necessary to provide clear 

scientific support for any changes to current rehabilitation practice, especially with respect to the 

Canadian health care system. Those changes must be based on maintaining or improving the 

quality of care while minimizing cost. 

1.2 Purpose of the Study 

The purpose of this study was to determine if there were any differences in patient outcome 

between a home-based rehabilitation program (H) and a traditional physiotherapy-supervised 

rehabilitation program (PT) as determined by measures of knee range of motion, ligament laxity and 

thigh strength in patients three months following anterior cruciate ligament (ACL) reconstruction. 

The secondary purpose of this study was to determine whether or not there was any difference in 

cost between the home-based rehabilitation program and the physiotherapy-supervised 

rehabilitation program from the viewpoints of the patient, health care system, patient employer pool 

and insurance companies. 
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1.3 Significance of the Study 

If a home-based rehabilitation program is as effective as a supervised program, patients 

will be able to perform their rehabilitation at their own convenience. It will provide an alternative 

to paying out of pocket for additional physiotherapy services and will help empower the patients 

by promoting responsibility for their rehabilitation (4,17,18). This study will benefit patients, health 

care administrators, and will help influence the policies of local clinicians. The potential reduction 

of the demand on physiotherapy services will allow for redistribution of current Community 

Rehabilitation Program (CRP) funding. This will allow CRP funded physiotherapy to become more 

accessible to patients with other conditions and complex problems. 

This study may serve as a model for home-based rehabilitation programs in other types of 

surgery or other musculoskeletal conditions. If it is evident from the results of this study that 

physiotherapy-supervised programs are more effective, then it will serve as an example of where 

funding should be allocated. That allocation could be based on scientific evidence rather than a 

historical perspective or an arbitrary decision. 

1.4 Study Objectives 

The comparison of a home-based rehabilitation program with the current standard of care 

requires the definition of the standard at the time. The standard of care was defined by determining 

the frequency of treatment, exercise progressions and clinical costs of the treatment program that 

was the norm at the time of the study conception. That information could then: 1 ) be used as a 

basis for the development of the new rehabilitation program, 2) identify important costs to track, 
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and 3) allow the development of realistic and appropriate research methods and hypotheses. 

A number of steps had to be completed in a designated order in structuring the current 

study. Each step provided the information needed to perform successive steps. As such, the 

objectives of the study are listed below in chronological order. 

1.4.1 1998 Standard of Care 

An audit of two physiotherapy clinics that commonly treated A C L reconstructed 

patients was performed to determine the frequency of post-operative 

physiotherapy treatment, and the activity/exercise progressions used throughout 

the first three post-operative months. 

1.4.2 Rehabilitation Protocol Development 

Using information gathered from the physiotherapy clinic audits, rehabilitation 

protocols from surgeons across Canada, rehabilitation protocols in the current 

scientific literature, and the current state of scientific understanding that related to 

the successali rehabilitation of A C L reconstructed individuals, a new rehabilitation 

protocol and associated educational materials were developed for use in the first 

three months following A C L reconstruction. 

1.4.3 Determine a Functional Outcome Measure 

An outcome measure for the lower extremity functional ability of patients three 

months following A C L reconstruction was chosen and then the usability, validity 

and reliability of that outcome measure were evaluated. 
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1.4.4 Comparison of Home-Based and Physiotherapy-Supervised Rehabilitation 

A randomized clinical trial comparing a home-based rehabilitation program (H) to 

a physiotherapy-supervised rehabilitation program (PT) in patients following A C L 

reconstructive surgery (from surgery to three months post-surgery) was carried 

out. 

1.4.5 Economic Evaluation of Home-Based and Physiotherapy-Supervised 

Rehabilitation 

A cost analysis for the various viewpoints associated with the comparison of 

home-based and physiotherapy-supervised rehabilitation programs following A C L 

reconstruction was performed. Cost data were combined with the effectiveness 

data from the randomized clinical trial to determine the cost-effectiveness of the 

two programs. 

Following the introductory chapter is a review of the pertinent literature and background 

on the evolution of A C L rehabilitation. The methods and results of the comparison of a primarily 

home-based rehabilitation program to a physiotherapy-supervised rehabilitation program for the 

first three months following A C L reconstruction will then be described. Following the effectiveness 

and cost analyses, the discussion presents recommendations for program selection, program 

implementation and future studies. 



7 

CHAPTER TWO: CURRENT KNOWLEDGE 

2.1 Introduction 

To begin reviewing the current knowledge regarding post-ACL reconstruction rehabilitation 

a short introduction to the epidemiology and mechanism of A C L injury is provided. The surgical 

procedures used to reconstruct the anterior cruciate ligament are constantly evolving. As the 

surgical procedures evolve, so must rehabilitation practices. The biggest development in A C L 

post-operative rehabilitation has been the institution of accelerated rehabilitation programs as first 

published by Shelbourne and Nitz in 1990 ( 12). That evolution in surgery and rehabilitation is 

reviewed along with the current knowledge of the biological healing and biomechanical issues 

related to graft stress during rehabilitation. To bring a functional outcome to the early rehabilitation 

focus of this study, the initial adaptations (and subsequent improvements) in gait that occur in the 

early post-operative period will be discussed. To achieve patient satisfaction and surgical success, 

the quality of the rehabilitation program is as critical as the quality of the surgery itself (4-6). To 

that end the scientific basis for certain pertinent aspects of effective post-operative rehabilitation 

programs is reviewed. That rehabilitation information is then focussed on the previously published 

studies that have compared physiotherapy supervision intensive rehabilitation programs to less 

intensively supervised programs for the rehabilitation of patients following A C L reconstruction. The 

chapter concludes with an introduction to the different types of health economics analyses and the 

limited number of these analyses that have been performed in the orthopaedic and rehabilitation 

literature. 
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2.2 Epidemiology and Mechanism of A C L Injury 

The identification of the incidence rate for A C L injury in the complete population is difficult 

and the burden of A C L injury is under predicted by evaluating it across the complete population. 

A C L injuries occur mainly in active individuals, rarely occurring in the very young, the sedentary 

or the elderly ( 19). The vast majority of A C L injuries occur within a 3 0 year period, from 15 to 

45 years of age (47% of the US population) (19). In a 1991 study of the Kaiser-Permanente 

health plan (San Diego, CA) Miyasaka et al. demonstrated that there were 0.6 knee ligament 

injuries that resulted in pathologic motion in the knee per 1000 health plan members per year (20). 

There were estimated to be 0.36 A C L injuries per 1000 health plan members per year (20). 

However, these numbers were not converted for the age group at risk. 

The incidence of A C L injury is closely tied to the activity type and skill level of the 

population under study. A C L injuries are most common in sports such as soccer, basketball, 

football and rugby (21 -25). In N C A A play, the incidence rate for A C L injury in soccer and 

basketball ranges from 0.19 to 0.25 injuries per 1000 Athlete Exposures (AE) (22,23) where an 

A E is defined as "one athlete participating in one practice or game where he or she is exposed to 

the possibility of an athletic injury (22)." This is similar to the rate of 0.26 A C L injuries per 1000 

A E that was published by Gwinn et al. covering all A C L injuries at the United States Naval 

Academy (intramurals, intercollegiate and military training exposures) (25). In the Canadian 

intercollegiate system, the rate is slightly higher (0.36 A C L injuries per 1000 A E for basketball) 

(Grant, unpublished data from the Canadian Intercollegiate Sport Injury Registry (26)). Broken 

down by gender, that results in each men's basketball team incurring one A C L injury every three 
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seasons while each women's basketball team incurs one A C L injury each season. 

The specific mechanism of A C L injury identifies why that pathology occurs most often in 

sports like soccer, basketball and football. In a study of N C A A athletes. A C L injuries were most 

commonly reported to be caused by planting or pivoting (57%), landing from a jump ( 12%). 

decelerating ( 12%), or knee hyperextension ( 12%) (19,23). Video analysis of injury has been a 

powerful tool for the identification of the mechanism of A C L injury. Analysis of injury videos has 

demonstrated that the majority of A C L injuries occur either while landing from a jump or 

decelerating (27.28). Many times the athlete is concurrently trying to catch a ball or avoid going 

out of bounds (28). The characteristics of the typical A C L injury mechanism include having a 

relatively extended knee, loss of trunk-pelvis-hip control, and relative inactivity of the hip abductors 

and extensors. These characteristics lead to hip adduction and internal rotation, knee valgus, and 

external rotation of the tibia on a pronated and externally rotated foot (28). 

Because A C L injury is most prominent in a select subset of the overall population (91 % 

of injuries occur in the 15-45 yr age group (29)), the injury can have serious effects on patient 

quality of life (30) and the future development of degenerative joint disease in both the short and 

long term (29, 31 ). Due to the relatively young age at injury and because A C L injury affects 

quality, but not usually quantity of life, the long term potential for usage of health care system 

resources is significant. There is, therefore, a definite need not only for prevention strategies, but 

for optimal post-injury rehabilitation to reduce this potential long-term health care system resource 

usage. 



10 

2.3 Evolution of ACL Reconstruction Surgery and Rehabilitation 

2.3.1 A C L Reconstruction with Arthrotomy 

The first A C L reconstruction was reported by Hey Groves in 1917 using a fascia lata graft 

(32). Since then various autogenous tissues have been used to reconstruct the torn ligament 

including the fascia lata, iliotibial band (ITB), semitendinosus tendon, patellar tendon and 

quadriceps tendon (32). The patellar tendon has become the most popular choice based on two 

facts: 1 ) Noyes et al. showed the patellar tendon was the strongest single strand of tissue available 

as a graft choice (33), and 2) the use of the central one-third of the patellar tendon did not 

negatively affect the stability of the knee joint (8, 32). 

The majority of advancements in the techniques of A C L reconstruction were developed 

over the past 25 years. Up until the mid-1980's a parapatellar arthrotomy was the approach of 

choice (6-8,12,34). Apart from the opening of the tibio-femoral joint, that approach required the 

dislocation of the patella and the associated stress to the patello-femoral joint (8,34,35). In the 

reconstruction many surgeons performed an extra-articular procedure (usually an ITB tendodesis) 

to help protect the intra-articular graft during the early healing and revascularization phase, and to 

provide lasting antero-lateral stability (7,9,36). Since that time, authors commented that the extra

articular augmentation was not required if the intra-articular graft was strong (e.g., bone-patellar 

tendon-bone) and securely fixed (7.34). There have been limited reports of vascularized patellar 

tendon grafts that maintained blood supply from the inferior geniculate artery in an attempt to 

maintain nourishment to the intra-articular graft and reduce graft necrosis (6, 35, 37). That 

procedure was based on animal work (38) but fell out of favour when the increased operative time 
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and technical difficulty did not produce results superior to free grafts (35,37,38). In the early 

1980's, A C L reconstruction within 7 to 10 days of injury was thought to be essential for best 

results, despite the greater probability of problems with loss of motion and adhesions (36). The 

thoughts regarding the timing of surgery have changed since that time such that surgery is now 

routinely delayed until there is a return of full range of motion, a reduction in joint effusion, and 

restoration of normal gait to decrease post-operative stiffness, loss of strength, and loss of motion 

(1,39-42). 

In 1982, Clancy et al. published a report about the importance of isometric graft placement 

within the joint to ensure the graft was not under- or overstressed throughout the knee's range of 

motion (8). They recommended pre-drilling the tibial and femoral tunnels with a Steinmann pin (K 

wire) into precise locations of the native A C L ' s footprint. That allowed assessment of tunnel 

location before the pins were overdrilled with a reamer to the size of the graft (8). Since that time, 

surgeons have reported using an isometer to ensure the tunnels are isometric. However, Barrett 

et al. have demonstrated that the use of an isometer is not necessary in the hands of an experienced 

surgeon and may result in an overly tight graft (43). Fu et al. clarified that the native A C L is not 

isometric as different bundles of the ligament are taut and relaxed at various points through the 

knee's range of motion. Therefore the graft placement need not be completely isometric but should 

prevent large excursions of the graft through the range of motion (11). 
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2.3.2 Rehabilitation following ACL Reconstruction with Arthrotomy 

In 1981. Paulos et al. published an opinionated view on the status of A C L post-surgery 

rehabilitation that included the results of a survey of 40 international knee surgeons (6). They 

stressed the equal importance of the quality of the surgery and the rehabilitation — the 

reconstruction would likely fail without proper attention to both. Post-operative treatment included 

maximal protection with a cast or cast bracing allowing no motion or restricted motion through a 

range of 30 to 60 0 for the first 6 weeks after surgery. Patients were non-weightbearing and were 

only able to perform isometric co-contractions of the quadriceps and hamstrings muscles. Flexion 

and extension range were gradually increased during the 6 to 12 week period and touch-toe 

weightbearing was then allowed. Crutch weaning occurred between weeks 12 and 16 post-

surgery by increasing weightbearing by 25% of body weight per week. Progressive resistance 

exercises (PREs) for hamstrings and quadriceps (to a maximum of 15% of body weight for 

quadriceps) were allowed. Full weightbearing was allowed once the patient had a range of motion 

from 0 0 to 80 ° and no effusion. Paulos et al. felt there was too much of an emphasis on a quick 

return of range of motion (patients only needed 0 to 80 0 for walking and should increase gradually 

after that). The international survey demonstrated an expectation of full weightbearing by 8 weeks 

and maximal range of motion by 4.3 months. Restoration of knee range of motion was not viewed 

as important in the early stages, since only 48% of respondents performed a manipulation to regain 

range of motion if the patient only had a range of motion from 20 to 45 0 at 4 months following 

surgery. Protected and then light activity followed through weeks 24 to 36 with running and 

j umping starting around 9 months (international consensus was for running to start around 5 months 
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post-surgery). Finally, sport specific drills and return to sports activities was delayed until at least 

1 year following surgery. Similar programs (in less detail) have been reported in studies of 

arthrotomy-based A C L reconstruction (7, 8, 10, 34). Overall, Paulos et al. opined that the 

international consensus was too aggressive, not providing sufficient time for graft healing. However, 

they expected their program to change as surgical techniques changed and improved. 

2.3.3 Arthroscopically-Assisted and Endoscopic ACL Reconstruction 

Through the 1980's the technology associated with arthroscopic surgery advanced to the 

point where A C L reconstructions were performed without an arthrotomy. Arthroscopically 

assisted surgery required smaller incisions and less disturbance of the extensor mechanism (36). 

That resulted in less morbidity (minimal injury to the joint capsule and synovium), fewer adhesions, 

less long-term extensor mechanism pain, less post-operative pain and faster restoration of range 

of motion and strength (9,32,36). The use of the arthroscope also allowed better visualization of 

the A C L footprints and therefore a more precise placement of the tibial and femoral tunnels (9). 

Early on, two incisions were required to drill the bony tunnels from the outside-in. The tibial bone 

tunnel was drilled through the incision made to harvest the patellar tendon graft while a second 

incision was required over the lateral side of the distal thigh, to access the lateral femoral cortex 

through which the femoral tunnel was drilled. The graft was passed antegrade or retrograde with 

fixation using sutures tied over buttons or with interference screws (9, 43-46). 

Further advances in arthroscopic surgery have produced endoscopic techniques that allow 

the femoral tunnel to be drilled from an intra-articular approach. That technique removed the 
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necessity, and therefore the morbidity associated with, the second incision on the lateral thigh (44. 

45). The avoidance of the second incision was recently shown to allow faster recovery of 

quadriceps and hamstrings strength without compromising graft stability or the rate of range of 

motion recovery (44). Shelbourne and colleagues have reported on the use of the contralateral 

patellar tendon as the graft for first time A C L reconstruction (47,48). The ensuing rehabilitation 

could be split: the donor knee could immediately commence strengthening activities to decrease 

patellar tendon pain and increase the rate of return to activity while the A C L reconstructed knee 

could focus on regaining a full range of motion without limitations due to graft donor site morbidity 

(47.48). Over the past 20 years, substantial advancements in surgical techniques have resulted 

in decreases in post-operative complications, morbidity, and time to full return to activity. 

2.3.4 Accelerated Rehabilitation following ACL Reconstruction 

Through the 1980's the strict prescription of cast bracing, immobilization and delayed range 

of motion exercises started to loosen, especially with the increased use of arthroscopically assisted 

techniques (9.46). Cast braces were replaced by hinged immobilizers. The initially allowed range 

of motion changed from 3 0-600 to 10-90 ° and then to 0-90 °. The non-weightbearing status was 

dropped in favour of weightbearing as tolerated, and there was a shift in preference from open 

kinetic chain to closed kinetic chain exercises (9, 46). 

In 1990, Shelbourne and Nitz published their experience with a group of patients who had 

been noncompliant with their traditional rehabilitation program ( 12). These patients went against 

their prescription of partial weight-bearing, flexion splinting and delayed extension. Those patients 
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attained full extension earlier and returned to normal activity levels faster than traditionally compliant 

patients without any problems with increased instability. The patients also attained full range of 

motion sooner, avoided the usual severe muscle atrophy and had patello-femoral symptoms less 

frequently. These findings convinced the authors to adjust their rehabilitation protocol. This change 

included an immediate full range of motion (especially full hyperextension), the avoidance of 

immobilization, and immediate weightbearing as tolerated with a goal of returning to light sports 

activities by 2 months (12). Shelbourne andNitz cited the advantages of: 1 ) increased patient 

compliance and cooperation, 2) earlier return to function and athletic activities, 3) decreased 

incidence of patello-femoral symptoms, and 4) decreased number of surgical procedures (scar 

resections and manipulations) required to attain a full range of knee motion ( 12). Their initial two 

year follow-up demonstrated that the accelerated patients had earlier and more complete return 

of both extension and flexion range of motion, strength recovered quicker and the incidence of scar 

resection surgery dropped from 12% to 4% without compromising knee laxity (12). 

The accelerated rehabilitation program dictated immediate hyperextension, flexion to 90 0, 

use of continuous passive motion for the first week, short arc quadriceps exercises and immediate 

weightbearing as tolerated. However, patients were directed to remain physically quiet for the first 

week following surgery, exercises and bathroom privileges being their only activity. The authors' 

theory was to reduce the j oint effusion and inflammation as much as possible in the first week so 

that the strengthening program started in week two could be effective. The rehabilitation program 

then progressed with the commencement of activities of daily living, and, for example, mini-squats, 

step-ups, leg press, stationary bicycling, and Stairmaster. If the 5 week isokinetic test 
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demonstrated quadriceps strength in excess of 65% of the contralateral, basic sport specific 

activities could be started. Two to nine year follow-up of these patients demonstrated that over 

the long term they maintained fiali and normal range of motion, acceptable laxity (mean of 2 mm side 

to side difference at manual maximum), acceptable quadriceps strength (94% of contralateral) and 

subjective satisfaction. Patients returned to full daily activities at 3 weeks, sport specific activities 

at 6 weeks and full competition by 6 months ( 13 ). A closer look at the graft stability over time has 

shown that the ligament laxity results were a mean of 2 mm difference when the patients attained 

full range of motion and changed rninimally at a minimum of 2 year follow-up (2.0 mm vs. 2.1 mm) 

(49). The authors stated that the subthreshold stress imparted to the graft by the accelerated 

rehabilitation program produced earlier and more functional cellularity, therefore inducing 

"ligamentization" (50) in a shorter period of time. The stress increased the invasion and alignment 

of fibroblasts which in turn caused an increase in the generation and alignment of collagen fibres 

(49). 

The maj ority of rehabilitation programs used since 1990 were based (to varying degrees) 

on the publication by Shelbourne and Nitz (11, 14, 51). Some authors believed the use of 

isokinetic testing as early as 5 weeks post-surgery was too stressful on the graft and therefore did 

not start strength testing until 3 months ( 14). Modifications included the use of straight leg raises, 

quadriceps isometrics in full extension, serial laxity measurements to ensure the graft was not 

stretching with time, and the delay of functional and agility activities (e.g., running, figure 8 and 

carioca running) ( 11,14). Regardless of the program used, Wilk and Andrews stated that it should 

be based on the following six basic principles of rehabilitation (14): 
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1) healing tissue should never be overstressed 

2) the deleterious effects of immobilization must be prevented 

3) the patient must fulfill specific criteria to advance from one stage to the next 

4) the program should be based on current clinical and scientific research 

5) the program should not be a cookbook but should be adaptable to each patient's goals 

and characteristics 

6) successful outcome is a team effort, including the physician, physiotherapist and patient 

who must work together, with effective communication playing the key role. 

2.3.5 Outcome Improvements with Arthroscopic Surgery and Accelerated Rehabilitation 

The combination of arthroscopically assisted A C L reconstruction and accelerated 

rehabilitation has resulted in less post-operative morbidity and decreased time away from full 

activity (or competition). As both of these surgical and rehabilitation principles evolved over a 

similar time frame, it was not possible to determine which was more responsible for the improved 

outcomes, but it is likely due to a combination of both. Accelerated rehabilitation programs 

allowed earlier and more complete return of hyperextension and flexion range of motion, and 

quadriceps and hamstrings strength without any increase in graft laxity (10). Compared to 

arthrotomy surgery and traditional rehabilitation with cast immobilization, the number of patients 

with range of motion problems decreased (7-10,12,13,34,46), the number of manipulations and 

scar resections dropped (from 7-12% to 0-1%) (7,9,12,13,46) and the incidence of patello-

femoral symptoms decreased (7, 9). 
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2.4 Biological Considerations for Rehabilitation 

A l l of the graft tissues currently in use for reconstruction of the A C L are tendinous in 

nature. Tendons and ligaments appeared similar in gross observation and simple histological 

examination, and had thick, closely packed bundles of collagen organized parallel to the longitudinal 

axis of the tissue. Those bundles had a definite crimp pattern and are sparingly supplied with 

vasculature. In tendons and ligaments, cells are aligned in rows between the bundles and were 

elongated in shape in the direction of the long axis (52). Beyond those similarities, however, there 

were differences between tendon and ligament tissue. Transformation of these characteristics 

constituted the major component of the graft remodelling process, which Amiel coined as 

"ligamentization" (50). The primary histological difference was the hypercellularity of ligaments 

relative to tendons. As well, ligament cells tended to be more rod- or ovoid-like as opposed to 

the spindle shaped cells observed in tendons (50,52,53). While tendons had approximately 7% 

more total collagen, ligaments had a higher proportion of the less mature Type III collagen (9-12% 

vs. <5% for tendons) (50, 52, 53). Biochemically, ligaments had a higher amount of 

glycosaminoglycans (GAGs) and the proportion of various types of reducible collagen cross links 

also differs between tendons and ligaments (50, 52). 

For ethical reasons there are substantially fewer studies on the remodelling process in 

humans as compared to animals. Human studies are limited to second look arthroscopies (with or 

without biopsy) (54-57), case studies in patients who died traumatically or patients who had 

undergone reconstruction in the past and went on to have knee arthroplasty (54,58). According 

to Rougraff et al., tendon tissue placed intra-articularly as an A C L substitute undergoes four phases 
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of remodelling over a three year period (57). That was a substantially longer period of time than 

the 1 year remodelling period generally accepted from animal models (50, 59-62) and would 

contradict the successful clinical outcomes of accelerated rehabilitation ( 12,13,49,63). The first 

stage (repopulation) was characterized by an increase in fibroblast number, a change in cell shape 

from linear to the more metabolically active spindled or ovoid, the preservation of mature collagen 

and neovascular ingrowth from a synovial-like covering that was present as early as 3 weeks after 

implantation (57). The "rapid remodelling" phase continues from approximately 2 to 10 months 

after surgery. In that stage there was extensive cellular proliferation, generation of immature 

collagen of varying organization, focal areas of degeneration and continued neovascularity (57). 

During the third remodelling phase, which Rougraff et al. termed "maturation", the cellular density 

decreased to approximately twice that of the native tissue, vascularity decreased, the collagen 

became longitudinally oriented and organized and a crimp pattern and frequency indicative of a 

normal A C L was evident (57). That phase may last from 1 to 3 years after surgery during which 

time the cells become more spindle and linear shaped as in mature ligament tissue (57). The final 

stage of "quiescence" occurred once the grafted tissue had taken on the characteristics of a 

"normal" A C L with respect to cellularity, vascularity and collagen organization (57). 

One of the main areas of interest for early rehabilitation is the incorporation of the graft 

within the osseous tunnels. The human data on tunnel incorporation was understandably even more 

sparse than the intra-articular information. Scranton et al. commented on one case of a cored tibia 

from a noncompliant patient who played sports 6 weeks after surgery and subsequently ruptured 

his graft (54). The intra-tunnel specimen demonstrated abundant intra-tunnel Sharpey's fibres 
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anchoring the graft to the tunnel walls (54). Keeping in mind that animal models appear to reach 

"'quiescence" much earlier than humans, studies have reported evidence of successful histological 

incorporation within the osseous tunnels of rabbits and sheep 2 to 3 months after implantation (54, 

61, 62). Rodeo et al. studied canine tendon-bone tunnel incorporation and demonstrated a 

progressive return of collagen fibre continuity between graft and tunnel with the presence of 

Sharpey' s fibres. By the twelfth week after implantation, graft failure occurred at midsubstance 

as opposed to tendon pull-out from the tunnel. (64) 

Based on the current biological information available regarding ligament graft remodelling 

in humans, the complete process apparently takes about 3 years after surgery. Extrapolations from 

animal models suggest that tunnel incorporation required in excess of 3 months. However, given 

the current paucity of human data, no concise decisions regarding the true remodelling process in 

humans can be made. Therefore, excessive graft strain should be avoided throughout the 3 to 6 

month post-operative period to allow for successful graft incorporation. 

From the bench top to the clinic, the long-term follow-up studies of the accelerated 

rehabilitation program of Shelbourne and Nitz ( 12) demonstrated no adverse effects of early and 

progressive knee motion, weightbearing and thigh strengthening on the laxity or rupture rate of the 

reconstructed A C L (13,49,63). Those results came despite the fact that potentially stressful 

activities were commenced well before graft maturation was complete. That information 

demonstrated the need for further research in humans to determine the interplay between graded 

activity and optimal graft remodelling. 
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2.5 Biomechanical Considerations for Rehabilitation 

The A C L provides 80-85% of the anterior restraining force in the knee (65). Therefore, 

activities that cause a net anterior shear force on the tibia may strain the A C L . Great debate 

continues as to whether or not the A C L graft should be strained, if so how much, and how the 

optimal amount of strain changes over the period of healing. The detrimental effects of 

immobilization on ligament stiffness and ultimate tensile load have been demonstrated (66,67). Not 

only has immobilization been shown to decrease substantially those structural properties, but also 

the amount of time required to recover from immobilization was six fold the immobilization period 

itself (66,67). In addition to the detrimental effects of immobilization, exercise increased ultimate 

tensile load in ligaments (68). Thus, the optimal rehabilitation program would avoid immobilization 

and include some form of exercise that would strain the A C L , at least to levels below that which 

would cause damage. The question of how much strain is optimal however, remains unanswered. 

2.5.1 Fixation and Graft Strength 

Early in the post-operative period the limiting biomechanical factor is pull-out or fixation 

strength. As the graft tissue becomes solidly incorporated into the osseous tunnels, the structural 

and material properties of the intra-articular portion of the graft become the limiting factor in graft 

success. There are numerous methods for the fixation of bone-patellar tendon-bone (BPTB) 

grafts. Most techniques involve some combination of sutures and/or interference screw fixation. 

Steiner et al. compared fixation failure among four patellar tendon constructs (69). The grafts were 

fixed with: 1 ) interference screws at the extra-articular end of each osseous tunnel, 2) sutures and 
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screw posts at each end, 3) endoscopic interference screw on the femoral side and sutures/screw 

post on the tibial side, and 4) extra-articularly placed interference screws backed-up with 

sutures/screw posts on each side. The tissues used in that study were 40-83 years old. The native 

ACLs in that population had an average maximal load of 800 N , stiffness of 66 N/mm and 

displacement at maximal load of 12 mm. The strongest BPTB graft was fixed with both 

interference screws and sutures tied over posts. Those failed either by bone plug fracture through 

the suture holes or by interference screw slippage. The maximal load was 674 N . The BPTB 

stiffness was 50 N/mm and allowed little displacement before failure (8 mm). As these values are 

from cadavers older than the normal A C L reconstructed population, and ultimate failure load has 

been shown to decrease with age (70,71 ), A C L reconstructed patients would likely have larger 

in vivo failure loads. The failure loads of the fixation were substantially higher than those induced 

by common rehabilitation activities during the first month of post-operative rehabilitation. Walking 

caused an A C L force of 170 N , descending stairs resulted in 93 N of force, descending a ramp 

induced 445 N and straight line jogging resulted in 630 N of stress on the A C L (72). Relevant to 

early rehabilitation, in a case study stationary cycling was found to induce half the strain (7% vs. 

14%) of treadmill walking (the ligament force was not reported) (73). 

Once the graft tissue solidly incorporated into the walls of the osseous tunnels, the structural 

properties of the ligament replacement became the limiting factor. Through the evolution of A C L 

reconstruction surgery, numerous autologous graft tissues have been used. The work by Noyes et 

al. is often cited as the first major comparison of the maximal loads of the various A C L substitutes 

(33). As the maximal load of the A C L tissue is age dependent (70,71 ), that study had an added 
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benefit of using specimens aged similarly to that of the normal A C L reconstruction population (26 

± 6 years, mean ± SD). The native A C L had a maximal load of 1725 N . The central one-third 

BPTB construct failed at 170% (2900N) of the ACL's maximal load (33). Thus, as a single length 

of graft tissue, the BPTB construct was an obvious choice for A C L reconstruction, especially as 

graft tissue weakened after implantation (74). Unfortunately, this study used a BPTB graft that was 

14 mm wide, 40% wider than the grafts used for A C L reconstruction in humans (9 to 10 mm in 

width). The maximal load of the usual graft tissue is therefore less than that stated in the study by 

Noyes et al. (33). 

2.5.2 Strain Forces on the ACL 

Due to the patellar tendon's angle of attachment to the tibial tubercle, there is both a shear 

and compressive component to the force vector when the quadriceps are contracted (75). Shear 

force is directed in the antero-posterior direction in a line parallel to the tibial plateau. Therefore 

by definition, an anterior shear force causes the proximal tibia to be displaced anteriorly relative 

to the femur. Depending on the angle of the knee joint, the shear component was either anteriorly 

or posteriorly directed. Knee angles less than 45 - 60 ° increased anterior shear force thereby 

increasing A C L strain (ACL intact) or anterior tibial translation (especially in A C L deficient 

individuals) (73,75-82). Additionally, Grood et al. demonstrated that the angle of maximal anterior 

tibial translation was different depending on whether the knee was A C L deficient or intact (deficient 

= 15°, intact = 45 ° ) (78). As the A C L resists approximately 80-85% of anteriorly directed force 

(65), anterior shear force was primarily restrained by the A C L (83). Conversely, posterior shear 
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force was defined as a force that induces a posterior displacement of the proximal tibia and was 

primarily restrained by the posterior cruciate ligament (the PCL provided approximately 95% of 

the posterior restraining force) (65,83). In A C L deficient (ACLD) individuals, the absence of the 

A C L transfered the resistance of any anterior shear force to the secondary restraints of anterior 

tibial displacement (menisci, iliotibial band, mid-medial and mid-lateral capsule, medial collateral 

ligament and lateral collateral ligament) (65,84). In A C L reconstructed patients, anterior shear 

force induced by activity about the knee resulted in stress being placed on the new graft. Questions 

regarding whether or not the effects of repetitive or sustained shear stress on the graft result in graft 

elongation over time and how much stress is required to cause a pathological stretch of the graft 

remain unanswered. 

2.5.3 Open vs. Closed Kinetic Chain Exercises 

Given the increased anterior tibial translation observed with open kinetic chain activities 

(e.g., quadriceps extension exercises), there has been a move in the past 10 to 15 years towards 

the use of closed kinetic chain exercises (e.g., squats, lunges, and leg press). Steindler (1955) 

originally discussed the concept of the kinetic chain as a combination of several successively 

arranged joints constituting a complex motor unit (85). An open kinetic chain (OKC) was defined 

as a combination of joints in which the terminal joint is free to move (e.g., waving the hand, and leg 

extension exercise). A closed kinetic chain (CKC) occurred when the terminal joint met with 

"some considerable external resistance which prohibits or restrains its free motion" (85). In that 

case, when the external resistance was absolute, the proximal part of the chain moved against the 
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peripheral/distal part (e.g., squat). In the current literature, a CKC exercise was defined as having 

a fixed terminal/distal segment (e.g., foot) with motion occurring at multiple joints (i.e., ankle, knee, 

and hip) (80, 81,86-92). In contrast, open kinetic chain exercises were usually single jointed 

activities with the terminal/distal segment not fixed to a support surface, allowing motion at the knee 

that was independent of motion at the ankle and hip (80,81,86-92). The current controversy 

in A C L rehabilitation revolves around reports that OKC exercises induced significantly higher net 

anterior shear forces in the knee compared to C K C exercises (77,87,90,92). Researchers such 

as Escamilla et al. and Torzilli et al. hypothesized that the increased tibio-femoral contact 

(compression) forces produced during C K C exercises reduced the anterior tibial translation, and 

therefore the strain on the A C L (76, 87, 92). 

To date, studies produced mixed results comparing the A C L strain (directly or indirectly) 

associated with open and closed kinetic chain exercises (76, 79, 81, 87, 92). Studies from 

Escamilla's group used force plates, video analysis and E M G analysis to determine the in vivo 

forces acting at the knee joint during squats, leg press, and leg extension exercises (87,92). Their 

studies demonstrated that there was no net anterior shear force acting at the knee joint throughout 

the complete range of motion during C K C exercises. Anterior shear force was only detected 

during OKC leg extension exercise and only during the range from 40 ° of flexion to full extension 

(87, 92). Their evidence supported that hamstring co-contraction was present during the 

coordinated motions of C K C exercises and decreased the net anterior shear force (and therefore 

A C L strain) acting at the knee (77,93). Torzilli et al. demonstrated with human cadaveric sections 

that adding quadriceps force and joint compression force reduced the total amount of tibial 
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translation, but it increased the anterior component of that translation in both A C L intact and A C L 

sectioned knees (76). The greatest increase occurred at 30 ° of flexion. They hypothesized that 

the increased joint compression caused the femur to slide down the posteriorly directed slope of 

the tibial plateau, causing the tibia to translate anteriorly (76). In comparison to the indirect 

measurements of Escamilla's group, studies by Beynnon (79,81 ) and Henning (73) used direct 

methods of measuring A C L strain by arthroscopically attaching a strain gauge to the A C L and then 

having the patient perform various activities. While there was a wide range of strain exhibited in 

their studies, they demonstrated an anteriorly directed A C L strain during activities such as running 

downhill, squatting and walking. Beynnon et al. found that squatting with resistance produced strain 

equal to an isometric contraction of the quadriceps at 150 of flexion (79). Those activities induced 

4% strain on the A C L , comparable to a Lachman test (3.7% strain). 

According to Beynnon et al., exercises that produced low or unstrained A C L values were 

dominated by the hamstrings and involved isometric quadriceps contraction at knee flexion angles 

greater than 60 ° (79, 82). Those guidelines did not allow training of the quadriceps muscles 

through the functional range of 0 0 to 60 0 . Given that some strain (i.e., exercise) can be beneficial 

for increasing ligament strength (68), we are left with the question of "how much strain is optimal" 

and "how much strain is too much?" Despite the fact that C K C exercises have been shown to 

invoke net anterior shear forces, it must be taken into account that these anterior shear forces 

tended to be stable with increasing resistance while the magnitude of the net anterior shear force 

tended to increase with increasing resistance during OKC exercises (79, 81, 82). 

Apart from the biomechanical studies, clinical studies determined the effects of C K C and 
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OKC on long-term ligament laxity, strength and return to activity variables (80,94). While those 

two studies attempted to bring to light the optimal rehabilitation regimen, they both had 

methodological issues that affected the results. Bynum et al. compared a C K C program to an 

OKC program in the first year following A C L reconstruction (80). The C K C program, however, 

appeared to be more aggressive and intense than the OKC program. Thus, the C K C group should 

have improved more, given atypical exercise dose-response relation. As well, the OKC program 

included walking, running, stationary biking and proprioceptive exercises. Those activities were 

important components of an A C L rehabilitation program, but include at least a component of CKC 

activity. The study demonstrated no significant differences in Lysholm score, Tegner activity rating, 

patello-femoral pain or subjective stability testing. The CKC group had less side to side difference 

(i.e., laxity) in the manual maximal KT test and had a higher proportion of patients returning sooner 

than the OKC group to their pre-injury activity level (80). The second study by Mikkelsen et al. 

compared a C K C program to a C K C program that added an OKC component 6 weeks after 

surgery in newly A C L reconstructed individuals (94). In their study, the CKC+OKC group 

performed a higher volume of training (two programs instead of one), and the main strength 

outcome measure was an isokinetic (OKC) strength test. Therefore, the principles of dose-

response and specificity of training were more likely to explain the results of that study than the 

benefit of O K C vs. C K C exercises. There were no differences in A C L laxity (side to side 

difference) between the groups at 6 months post-surgery and, not surprisingly, the CKC+OKC 

group increased their quadriceps torque significantly more than the C K C group. Interestingly, the 

authors reported that the difference in quadriceps torque improvement between the two groups 
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disappeared after 6 months. A higher percentage of patients in the CKC+OKC group returned 

to pre-injury activity levels and returned sooner than the C K C group. In conclusion, it would 

appear that the group that did the most work gained the most benefit—a result that did not require 

a comparison of O K C and C K C to determine. The main concern in using O K C exercises after 

A C L reconstruction was the possibility of increased laxity long-term. The study by Bynum et al. 

demonstrated a significant difference of 1.6 vs. 3.3 mm (CKC vs. OKC), which may or may not 

be related to the poorer functional outcome of the OKC group (lower rating of the surgical 

outcome, less patients returned to normal activities sooner than expected, and less returned to 

sports sooner than expected). While Mikkelsen et al. did not show any significant difference in 

laxity between their groups, there was no sample size calculation to assess whether or not 22 

patients per group was enough to demonstrate an important difference. Therefore, further research 

with tighter methods is required to determine concisely the differences in effectiveness (if any) 

between the use of OKC, C K C or CKC+OKC programs following A C L reconstruction. 

2.6 Gait Adaptations in ACL Deficient and Reconstructed Individuals 

Individuals with an injury to their A C L develop gait adaptations (95-102). Those gait 

adaptations were thought to decrease the anterior shear and instability symptoms resulting from the 

loss of the A C L . Changes such as increased knee flexion, decreased quadriceps activation, 

increased hamstrings activation and decreased vertical ground reaction force development (i.e., 

walking more carefully to decrease the force of impact at heel strike) have been noted but remain 

controversial (95-102). Except for acute injury or post-surgery situations, however, the gait 
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parameters of cadence, stride length and walking speed were reportedly not affected by A C L 

deficiency or reconstruction (95, 102). 

Due to the orientation of the patella and patellar tendon, knee flexion angles less than 40 0 

produced an anteriorly directed force vector when the quadriceps were contracted (75). The 

resultant anterior tibial translation was detected by the patient's feedback system and a 

compensatory mechanism was developed to counteract or avoid that unstable translation. That has 

been one of the major reasons cited for the increased knee flexion (by approximately 5 0 ) exhibited 

by A C L deficient patients during the terminal swing and stance phases of gait (96,97,102). The 

increased knee flexion was stability-protective in that the increased angle provided a mechanical 

advantage for the increased hamstrings activity that decreased anterior tibial translation ( 103 ). The 

greater hamstrings activation required an increased quadriceps activity to maintain balance at the 

knee joint, and that in turn increased joint stability ( 103). While increased stability was beneficial, 

it also increased energy expenditure and tibio-femoral contact forces, for which the resultant 

chronic effects on articular cartilage are not known (103). 

Berchucketal. in 1990 reported the "quadriceps avoidance pattern" ofgait( 100). They 

reported that A C L deficient patients exhibited a decreased flexion moment (and decreased 

quadriceps activity) due to an increase in knee extension during mid-stance. Their findings were 

refuted by multiple authors (95-97,99,101,102). While there has been some discordance in the 

reported changes in knee extensor activity, there has been consensus about the increased 

hamstrings activity near heel strike that may help control the potential anterior tibial translation 

produced by the combination of quadriceps contraction and ground reaction force at heel strike 
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(99,101 ). In A C L reconstructed patients, compensatory activities were shown to decrease such 

that muscle activation and joint moment characteristics approached normal values with time (99, 

101, 102). 

In A C L deficient patients, rehabilitation programs were unable to return the muscle 

activation and range of motion characteristics to normal ( 101 ), however A C L reconstruction 

surgery can alleviate the need for compensatory patterns, especially as time from surgery increases 

( 101,102). Therefore, the evaluation of muscle activity and range of motion patterns during gait 

was a potentially beneficial outcome for the assessment of rehabilitation success over time. The 

progression of muscle activity and j oint moment patterns towards normality were documented 

following A C L reconstruction, but there is little information available about how knee range of 

motion adaptations change with time after A C L reconstruction. The knee range of motion patterns 

are expected to followthe recovery pattern of muscle activity and joint moment, but that needs to 

be documented. 

2.7 Determinants of Successful Rehabilitation 

The outcome of rehabilitation following A C L reconstruction hinges substantially on the 

motivation and effort of the individual patient. However, there are a number of aspects regarding 

the timing of the reconstruction surgery, the pre-operative education and pre-operative planning 

that also play a role in the success of the surgery and rehabilitation. 

Once the patient has been diagnosed with an A C L injury of sufficient pathology to warrant 

reconstruction, the patient, surgeon and other individuals involved (e.g., family) must decide upon 
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the appropriate time for surgery. In the past, many surgeons believed that reconstruction should 

be performed sooner rather than later to avoid possible further injury to the joint articular cartilage 

and menisci (36). The definition of "acute" (i.e., sooner) reconstruction varied greatly between 

authors. Shelbourne et al. compared patients reconstructed within 7 days of injury, 7 to 21 days 

post-injury and more than 21 days post-injury (39). Other authors divided the post-injury time 

into less than 2 weeks, 2 to 6 weeks and greater than 6 weeks ( 1 ), less than or more than 1 month 

(40), less than or more than 8 weeks ( 104), and less than or more than 6 weeks ( 105 ). The acute 

stage was therefore generally considered to include the first 1 to 2 months following injury. A 

major finding of earlier studies was that the timing of surgery should be associated less with a set 

time following inj ury and more with the outcome goals of edema reduction and return of normal 

knee range of motion ( 1,39-42,106). Delaying surgery until those goals were met resulted in less 

trouble regaining knee range of motion, no difference in laxity and as good or better return of 

quadriceps and hamstrings strengths (1, 39, 40, 104). 

Delaying surgery also allowed time for the patient to make the mental adjustments 

necessary to accept that the injury occurred, that surgery was required and that there was a long 

road of intense rehabilitation ahead (39,40,42,107-109). Patients must be empowered to take 

responsibility for their rehabilitation. Without the time to accept the injury and focus on the 

rehabilitation to follow, the success of the rehabilitation may be affected. That delay allowed for 

continued patient counselling by both the surgeon and the physiotherapist. As early as 1978 (110), 

pre-operative education, including a review of the surgical process and post-surgical expectations, 

improved rehabilitation outcomes and was therefore an integral component of care (107,109). 
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Finally, the delay allowed the patients to plan for the months following surgery when ambulation, 

activity levels and time constraints for rehabilitation would be an issue. Freedman et al. 

demonstrated that significantly more university students who delayed their surgery until a break in 

the academic year were satisfied with their choice of surgery time than those students who opted 

to have surgery during the academic semester (108). 

Patient motivation and compliance were important factors for the success of post-operative 

rehabilitation (111, 112). The surgeon must evaluate patient motivation and potential for 

compliance with the rehabilitation protocol when counselling the patient regarding the need for 

surgery. If patients cannot (or will not) comply with the rehabilitation program following surgery 

due to work or school obligations or due to lack of motivation, surgery should be delayed to 

reduce the possibility of poor outcome (36, 112). Compliance will depend on the patients' 

perceptions of their symptoms, the effectiveness of the rehabilitation program to attain their goals, 

the ability to incorporate the rehabilitation into their everyday life and appropriate support from their 

physiotherapist. The surgeon and physiotherapist should ensure that the patient's beliefs about 

surgery and rehabilitation, and their social circumstances are explored and understood to optimize 

the rehabilitation program for continued motivation and compliance (113). 

There was little published data about the outcomes of A C L reconstruction in different 

populations. There were studies comparing Worker's Compensation patients to non-Worker's 

Compensation patients ( 105,107,114), the effects on academic performance in university students 

having surgery during or following the academic semester ( 108) and anecdotal comments about 

the lack of success of limited frequency physiotherapy rehabilitation programs in teen-aged patients 
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(17) (R. Schenck, personal communication, 2002). The general thought that Worker's 

Compensation patients (WC) did not attain as successful outcomes compared to the general public 

came with mixed support in the A C L reconstruction literature. Barrett et al. found that WC 

patients reported subj ective success and satisfaction with their surgery that was well below the 

results of standard objective outcomes. The authors, however, only assessed ligament laxity (KT 

arthrometer) and knee extension and flexion range of motion. They did not include objective 

measures of strength or functional outcome that would more likely reflect day to day functionality, 

quality of life, and the subjective responses to the Lysholm and Tegner scores ( 105). Both Noyes 

et al. (114) and Wexleretal. (107) found that the objective and subjective outcomes from WC 

patients were similar and comparable to non-WC patients. The study by Wexler et al. was 

retrospective in nature and used historical cohorts of non-WC patients from previous studies as the 

comparison. In all outcomes, the WC scores were lower (i.e., poorer) than those for the historical 

cohorts, which raised the question of a Type II error given the small sample size (N = 22) 

compared to the previous studies (N = 62,97, and 103). Noyes et al. made the strongest case 

for the comparison of WC and non-WC patients. WC patients were selected from a larger 

prospective study and matched to non-WC patients by age, sex, age at injury, chronicity of injury, 

months of follow-up and number of previous surgeries ( 114). They concluded that there were no 

objective, subjective or functional differences between the groups except for the large and 

significant differences in the number of days off work. That was an important outcome in the WC 

literature, that was not reported in the studies by Barrett et al. and Wexler et al. Noyes et al. stated 

potential reasons for the delay in return to work for WC patients, that included: 1 ) wage systems 



34 

that supported patients for a long time, 2) the inability of employers to modify work demands, 3) 

a poor case-management system, 4) workers were unable to get job retrairring (due to financial or 

motivation constraints), and 5) patients received improper early diagnosis and treatment ( 114). 

Their paper placed the onus on the "system" as the problem compared to Barrett et al. who 

suggested that secondary gain on the part of the patients may have been the cause of poorer 

outcomes in the WC population ( 105). Overall, motivation and compliance were important issues 

for successful outcome that can be affected by patient age, financial situation, work or school 

obligations and psychological acceptance. Those issues must be assessed by the surgeon while 

counselling the patient and family to optimize rehabilitative outcome. 

Once the timing of surgery has been set, the two main determinants of patient outcome are 

the surgical technique and the post-operative rehabilitation. The evolution from open arthrotomy 

and cast bracing to arthroscopically assisted reconstruction with early motion reduced the incidence 

of patello-femoral problems from 40% (n = 17 of 43 patients) to 21 % (n=8 of 38 patients) ( 115). 

Since the late 1980s the standard of surgical technique changed from the open arthrotomy to 

arthroscopically assisted ( 1,39,40,115). The morbidity associated with the open technique was 

therefore no longer an issue. While there was greater morbidity with the arthrotomy procedure, 

the majority of post-operative and rehabilitation complications were credited to the conservative 

rehabilitation program widely used until the late 1980s (12,39-42,104,106,115). The prolonged 

immobilization was potentially one of the maj or causes of infra-patellar contracture syndrome 

( 106), patello-femoral problems ( 115) and delayed (or problems with) return of knee range of 

motion (39-42). The advent of accelerated rehabilitation programs ( 12) that promoted immediate 
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weightbearing as tolerated, passive range of motion (including the early return of full knee 

extension), patellar mobilizations and early institution of closed kinetic chain exercises (e.g., partial 

squats) significantly reduced the incidence of range of motion and patello-femoral problems and 

hastened the return of quadriceps strength (12, 39-41, 104, 106). 

The evolution of arthroscopically assisted surgery and the implementation of accelerated 

rehabilitation programs significantly reduced the incidence of post-operative range of motion 

problems and allowed for a shortened rehabilitation time. Surgeons, however, must still assess the 

patient's acceptance of the injury, understanding of post-surgical expectations and motivation for 

rehabilitation compliance to increase the probability of a successful outcome. 

2.8 Limited vs. Intensive Supervision for Post-Operative Rehabilitation 

The beneficial effects of early weightbearing, joint motion, low level graft stress and 

progressive strengthening have all been proven ( 1,12,116,117). Those activities reduce the 

incidence of complications such as arthrofibrosis, patella infera, chronic edema and chronic strength 

deficit(l, 12,116). While patients need to be educated about how to optimally rehabilitate their 

knee and require periodic follow-up to ensure that complications do not arise (or if they do, they 

are treated quickly), it is unknown how much (or perhaps more importantly from a cost-

effectiveness viewpoint, how little) direct supervision is required for the patient to attain successful 

outcomes. 

The ideal number of supervised physiotherapy sessions required for successful outcome 

varies depending on the nature of the injury or surgery and the demographic profile of the patients. 
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Post-total hip replacement patients will likely require a different amount of supervision and 

education than patients post-ACL reconstruction. The ability of patients to rehabilitate successfully 

with limited supervision following a musculoskeletal injury or surgery is likely tied to the patient's 

motivation to return to pre-injury activity levels, the amount of pre-injury/surgery and post

ini ury/surgery education that they receive and the patients' past experience with exercising 

independently (18, 63, 109, 118-120). Patients undergoing A C L reconstruction tend to be 

younger than those with chronic low back pain, osteoarthritis and total j oint replacement patients 

(4,18,113,119-123). Those patients are usually at least recreationally active and are accustomed 

to exercising either independently or in a group setting (e.g., team sports). That assumption was 

supported by the fact that 70% of A C L injuries occurred during sporting activity (20). Those 

patient characteristics are proposed to be beneficial for allowing A C L reconstructed patients to 

rehabilitate successfully with a limited number of purposeful physiotherapy sessions. 

Since 1995 there have been a number of studies comparing different forms of rehabilitation 

for a variety of orthopaedic conditions, including knee osteoarthritis ( 120), chronic low back pain 

( 119), ankle sprain ( 124), post menisectomy patients ( 125,126), neuromuscular training in A C L 

deficient patients (127) and rehabilitation following A C L reconstruction (4,5,17,18,122,123). 

Those studies compared or reported on programs that varied with respect to the number or format 

of physiotherapy sessions. Among the programs assessed were: 1) no physiotherapy (home 

program only described by a nurse or instruction booklet) vs. a set number of physiotherapy 

sessions ( 125,127), 2) a single physiotherapy session for explanation of a home program vs. a 

home program and group exercise classes (119,120,126), and 3) a limited number of structured 
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physiotherapy sessions vs. a more regular (i.e.. more frequent) physiotherapy program (4,5,17, 

18,122,123). The strengths, weakness and results ofthese studies are outlined in the following 

sections. 

2.8.1 Home Programs in Back Pain, Osteoarthritis and Ankle Sprain 

Chronic conditions such as low back pain and knee osteoarthritis have responded better 

to a combination of home and group exercise programs. Frost et al. compared a one-time "back 

school" education program to a program of "back school" plus eight semi-weekly group exercise 

classes in the treatment of chronic low back pain ( 119). Patients randomized to the education plus 

exercise program exhibited a significant decrease in the Oswestry pain disability index, subjectively 

reported pain and a 25% increase in their walking capacity compared to the education only group. 

Frost et al. commented that education was important but an active approach to rehabilitation was 

necessary (119). Their findings demonstrated the need for some supervised activity. 

The need for supervised activity was also reported by McCarthy et al. who compared a 

home exercise program alone to home exercise plus group exercise classes in patients with knee 

osteoarthritis ( 120). The authors reported a significant reduction in pain in those patients who 

attended the exercise class compared to those who used only the home program. The exercise 

class group also reportedly exhibited a greater improvement in knee function. Together, these two 

studies in low back pain ( 119) and knee osteoarthritis ( 120) demonstrated that some supervised 

rehabilitation was beneficial over no supervised rehabilitation (i.e., completely home-based 

program). 
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Although grouping low back pain patients and knee osteoarthritis patients together may be 

tenuous, they share some similarities when compared to a population of acute ankle sprain patients, 

the majority of whom injured their ankle during sports activity. A recent study compared a 

completely home-based rehabilitation program (including detailed instruction booklet, ice pack. 

Ace bandage, exercise bands and rocker device) to a program of physiotherapy 3 times per week 

(124,128). The rehabilitation program for both groups took place over a 3 week period. No 

significant differences in American Orthopaedic Foot and Ankle Society hindfoot score were found 

at 6 weeks or 6 months post-injury. In summarizing these three studies, there was a definite trend 

for some limited supervised rehabilitation to be beneficial, but that intensive supervision is not 

necessary for successful outcome. 

2.8.2 Home Programs in Knee Patients Not Requiring ACL Reconstruction 

When reviewing the literature comparing various intensities of supervised rehabilitation, it 

was noted that the frequency of supervision was not always the only variable under study. Moffet 

et al. studied two rehabilitation programs in patients following arthroscopic partial medial 

menisectomy ( 125). Patients were randomly assigned to either 3 sessions of physiotherapy per 

week for 3 weeks including a daily home exercise program supplemented with a detailed exercise 

booklet or having limited instruction at the time of hospital discharge regarding minimal exercises 

(taught by the surgeon and discharge nurse). Not surprisingly, the physiotherapy group 

demonstrated less quadriceps and hamstrings work deficit and less pain at 3 weeks post surgery 

compared to the home group. There were no differences, however, in the Lysholm score. 
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Similarly, Ageberg et al. compared a neuromuscular training program (including fiinctional, weight 

bearing movements focussing on strength and neuromuscular control) that included daily home 

exercise and semi-weekly group exercise classes for 4 to 6 months, to a home based rehabilitation 

program where traditional, non-weightbearing exercises were taught by a physiotherapist to the 

patient on hospital discharge ( 127). In A C L deficient patients, the one leg hop for distance test 

remained abnormal in the home group up to 3 years after the initial rehabilitation program whereas 

the hop test was normal by 1 year in the neuromuscular training program. Interestingly, there were 

no significant differences between the groups in the stabiliometry outcome measure (amplitude and 

speed of centre of pressure deviation during one legged standing) used by Ageberg and colleagues 

(127). 

The main problem with both of those studies (125, 127) was that there were two 

independent variables: the amount of supervised rehabilitation (none vs. some) and the type of 

rehabilitation program provided (functional, weightbearing exercises vs. single muscle, non-

weightbearing exercises). It is unknown whether the type of program was responsible for the 

differences in outcome or if the amount of supervision was responsible, or if it was combination of 

both. The results of the studies can be explained by the principle of specificity of training alone; the 

physiotherapy group in the study by Moffet et al. even trained on the same Cybex equipment that 

was used for the determination of work deficit ( 125). Functional, coordinated and weightbearing 

exercises were previously shown to be superior to non-weightbearing, isolated exercises for lower 

extremity rehabilitation (12,80,86,129,130). The question remained as to whether or not the 

physiotherapy-supervised activities provided any additional benefit above and beyond the design 



40 

of the programs themselves. 

A study by Jokl et al. improved on the design used by Moffet et al. by having similar 

rehabilitation programs for the post-partial menisectomy patients ( 126). While patients in the 

supervised program had the added ability to use clinic based equipment (e.g., whirlpool, stationary 

bike, and quads table), the basic exercises were similar. After 8 weeks of rehabilitation there were 

no differences in quadriceps and hamstrings torque deficit between the groups. Patient difficulties 

with crouching, stair climbing and other functional activities were similar. While there were no 

significant differences, patients in the home-based program tended to have less quadriceps and 

hamstrings deficits, and returned to work, daily activities and sports quicker than the more intensely 

supervised patients. An obvious cost savings was demonstrated by the reduction in physiotherapy 

costs. The authors reported that patients were attracted to the convenience and time savings of 

the home-based program. However, those patients "lacking the motivation and discipline to 

consistently work out on their own may require supervised therapy" (126). 

While a completely home-based rehabilitation program can be effective in a partial 

menisectomy population, the biology and biomechanical considerations for post-ACL 

reconstruction rehabilitation stipulate some level of periodic education and assessment to avoid the 

complications of graft stretching and arthrofibrosis (6, 106). A partial menisectomy leaves 

comparably much less tissue to heal and no repair or reconstruction to potentially fail if stressed 

beyond its limits. Therefore, there is a need to assess a program of limited supervised therapy 

compared to the current standard of care involving more regular supervision. 
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2.8.3 Home vs. Supervised Rehabilitation Programs following A C L Reconstruction 

There have been two retrospective studies involving patients treated in the early 1990's that 

have tracked the outcomes of patients with limited supervision compared to patients seen on a 

regular basis (122,123). The study by DeCarlo and Sell randomly selected patients treated at 

remote clinics (i.e., clinics not directly associated with the treating surgeon) to those treated locally 

( 122). The premise for their study was that even though the surgeon promoted a program of 

limited, but purposeful physiotherapy, the remote clinics still prescribed substantially more sessions 

than the local clinics. The local clinic routinely saw post-ACL reconstruction patients an average 

of seven times in the first post-operative year (6 sessions prescribed to occur at 1,2,5,8,16, and 

52 weeks) while the remote clinics averaged 20 sessions (27,21,19, and 15 average sessions for 

each of 4 years). The major results from their study were that both groups had equal strength and 

flexion outcomes, patients attending the local clinic had slightly more hyperextension and that the 

number of sessions provided in the remote clinics decreased over the 4 year study period. The 

authors concluded that there were no adverse effects of a limited, but purposeful post-operative 

rehabilitation program in their patient population. DeCarlo and Sell stressed the importance of pre

operative treatment and education to help avoid post-operative complications. They also mirrored 

the comments of Jokl et al. in that some patients required more supervised therapy because of 

motivational issues or complications. Periodic supervised therapy allowed the physiotherapist to 

increase or decrease the frequency of treatment as required. 

Treacy et al. took a different approach in their retrospective review ( 123). A l l of their 

patients were initially prescribed the same frequency of physiotherapy (60 sessions over the first 
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6 post-operative months). The control group had surgery at a university hospital (the assumption 

was made that these patients were insured). The study group had their surgery at public hospitals 

(uninsured patients). The control group averaged 60 visits in the first 6 months whereas the study 

group could be divided into a minimally compliant (mean of 12 visits) and non-compliant group 

(mean of 1.7 visits). The authors stated that patients in the study group were not compliant with 

the intensive program due to multiple socioeconomic factors (e.g., limited facilities for rehabilitation, 

limited resources, or reliance on public transportation). The division of the study group into 

minimally and non-compliant allowed the analysis to demonstrate that the minimally compliant group 

had similar outcomes of satisfaction, return to work and Lysholm score compared to the control 

group. The non-compliant group exhibited substantially lower outcomes (including two failures). 

Care must be taken in the interpretation of those findings because patient motivation may have been 

a factor in the minimally compliant group as they tended to have low paying j obs. be off work, have 

lower income and therefore were more motivated to do well and get back to work. Regardless, 

the Treacy et al. results echoed the study by DeCarlo and Sell in demonstrating that a limited 

number of post-operative physiotherapy sessions were as successful as a more intensively 

supervised program following A C L reconstruction. 

The insurance-based health care system in the United States presented the opportunity to 

evaluate the effect of limitedly supervised rehabilitation programs in uninsured patients (a potential 

indicator of socioeconomic status). Reat and Lintner compared outcomes between patients who 

underwent either a one or two-incision A C L reconstruction ( 18). Similar to the study group in the 

study by Treacy et al.( 123 ), the patients in the Reat and Lintner study were treated at a hospital 
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that served uninsured patients who tended to be young, employed in low-skill positions involving 

manual labour and were motivated to return to work (18). Due to financial constraints these 

patients were limited to home-based physiotherapy that emphasized active and passive range of 

motion and closed kinetic chain quadriceps exercises. The patients attended physiotherapy 

appointments at 1,3 and 6 weeks post-surgery. While the Reat and Lintner study did not compare 

a limited physiotherapy program to a more supervised program, it did serve as a prospective 

cohort study for patients who followed a home-based rehabilitation program. Since there were no 

significant differences between the two surgical groups, the success of the rehabilitation program 

was determined by pooling all of the results. At an average 15 months follow-up, the average 

range of motion was -3 70 7134 0 (hyperextension I degrees short of 0 ° extension I flexion). The 

mean side-to-side difference on K T was 2 mm and the mean one-leg hop for distance ratio was 

90% (surgical I nonsurgical). While there was no comparison group, the overall results of their 

study demonstrated a successful outcome for young, motivated patients following A C L 

reconstruction. 

There have been three randomized clinical trials that compared post-surgery rehabilitation 

programs involving variable physiotherapy supervision (4,5,17). Beard et al. compared programs 

with and without the addition of a supervised exercise class 2x/wk from week 5 to week 17 post-

surgery (4). Both groups attended one-on-one physiotherapy 2x/wk for post-surgery weeks 2-3, 

and 1 x/wk thereafter. At 6 months follow-up, there were no significant differences between the 

two groups in Lysholm score, Tegner activity rating, IKDC rating, isokinetic strength and KT 

evaluation. The supervised group consistently had a lower strength deficit, however, the difference 
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between the supervised and home-based groups was less at 6 months follow-up than it was pre-

operatively. The mean side-to-side laxity differences as measured by KT were 0.8 mm and 3.3 

mm for the supervised and home-based groups respectively. While that was not statistically 

significant, the authors suggested that the result may represent a real difference given the low power 

of their data. Their results presented a paradox in that despite the fact that the home-based group 

had worse scores for both strength and laxity, they presented better outcomes for function 

(Lysholm and Tegner scores). The authors suggested three possible explanations for those results: 

1 ) there was no additional benefit of the supervised exercise class, 2) the additional benefits of the 

exercise class were negated by the patients doing less work at home, or 3) the benefits of the 

exercise class were not significant compared to the benefits of the home exercise performed. Likely 

the latter two situations occurred, especially since the home program was designed to require 10 

hours of activity per week compared to the 2 hours of supervised exercise. The authors did not 

report the number of physiotherapy sessions attended by each group, but estimates demonstrate 

that the home-based group and supervised group would have attended 13 and 27 sessions, 

respectively, in the first 3 post-operative months ( 16 vs. 32 in 6 months). Therefore, neither group 

was exposed to a limited program of supervised therapy as the home-based group attended a 

similar number of sessions to the physiotherapy supervised groups in the studies by Schenck et al. 

(17) and Fischer et al. (5). 

Schenck et al. (17) and Fischer et al. (5) randomized their patients to either a limited 

supervision group (home-based) or a standard program of supervised physiotherapy. Fischer et 

al. prescribed 6 sessions to the home-based group, and patients attended a mean of 5 sessions 
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while the physiotherapy-supervised group were prescribed 24 and attended a mean of 20 (5). 

Alternately, Schenck et al. allowed the physiotherapist to decide the number of limited sessions 

required by the home-based group (mean = 3). The physiotherapy-supervised group attended a 

mean of 14 sessions, although it is unknown how that number was controlled ( 17). In both studies, 

pre-operative education was an integral part of the program for both groups. Neither study 

demonstrated any significant differences between the two rehabilitation programs over a wide range 

of outcome measures (e.g., R O M , KT, hop tests, Lysholm scale, and thigh atrophy). Neither 

study evaluated isokinetic strength to determine any deficits or included any objective outcome 

data. With no power calculation included and no objective data for the reader to evaluate, it was 

difficult to determine the likelihood of Type II error in those studies. The small sample sizes of 54 

(Fischer et al.) and 37 (Schenck et al.) further supported that possibility. Apart from the question 

of Type II error, their randomized clinical trials suggested that A C L reconstructed individuals were 

capable of successfully rehabilitating with a limited number of supervised physiotherapy sessions. 

A larger study with sufficient power, however, is now required to confirm or refute their finding. 

Given the current body of knowledge regarding limited vs. frequently supervised 

rehabilitation programs there is a trend towards patients being able to successfully rehabilitate with 

limited supervision. There was a range of study designs that have been used to evaluate the 

success of patients treated with limited supervision (retrospective to randomized clinical trial 

[RCT]). However, a definitive RCT has yet to be performed to confirm previous results. There 

have been a number of author recommendations and suggestions regarding successful rehabilitation 

with limited supervision. Those included the need for quality pre-operative education, detailed and 
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concise exercise instruction booklets for the patients to take home, and the need for the attending 

surgeon and physiotherapist to assess the appropriateness of each patient for a program of limited 

supervision (i.e., assess patient motivation and compliance) (5,17,122,126,127). Patients were 

also reportedly attracted to the convenience and time savings of a primarily home-based program. 

Finally, the literature supports that a less supervised program shifts the responsibility for the 

rehabilitation to the patient to attain their own goals, thereby empowering them to be successful. 

2.9 Health Economics Evaluations in Orthopaedics 

2.9.1 Introduction 

In 1966 the Canadian government passed the Medical Care Act. The work of the Hall 

Royal Commission "helped lead to our universal and accessible health care system, ensuring that 

no one who needs care goes without services for lack of money." ( 131 ) Thirty-five years later, the 

recognition that the expanding costs of the public health care system were becoming unsustainable 

was the impetus for the formation of both the Premier's Advisory Council on Health in Alberta 

( 132) and the federal Commission on the Future of Health Care in Canada ( 131 ). One of the key 

themes and recommendations of the Premier's Advisory Council on Health published in December, 

2001, was to "begin by extracting maximum value from every dollar we spend on health care." 

(132) 

Alberta is unique in that public funding is available for physiotherapy services provided in 

private clinics. In the setting of evaluating the delivery of publicly-funded health care, these services 

are a prime target for the analyses of cost-effective delivery. The need, however, is not isolated 
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to Alberta. In reality, increasing rates for and decreasing coverage from extended health care 

insurance plans means that the economical effects of required physiotherapy services also impacts 

the patient the workforce and insurance companies worldwide. The majority of current health care 

programs were established without undergoing an economic evaluation ( 133). With today's 

interest in sustainable public health care, if resources can be saved, cost ineffective policies should 

be abandoned ( 133) or more importantly updated to provide equal or improved care in a more 

cost effective fashion. The introduction of any new type of health care delivery will be influenced 

by program effectiveness, economics, ethics and politics ( 133). For these reasons, it is important 

to provide objective and scientifically sound information regarding the cost-effective use of health 

care programs. An effective way of evaluating new health care programs is to carry out economic 

evaluations alongside randomized clinical trials (133). 

2.9.2 Techniques of Economic Evaluation 

When planning an economic evaluation there are three related techniques, the choice of 

which is dependent on the question being asked (134,135). These techniques are cost-benefit 

analysis, cost-utility analysis, and cost-effectiveness analysis ( 134). Economic evaluations can 

answer two different types of questions: 1 ) whether to allocate scarce resources to a program or 

whether to allocate more or less resources to a particular program (allocative efficiency), or 2) how 

best to deliver a program or achieve a certain goal vvdthin a given budget (technical efficiency) ( 134, 

135). In allocative efficiency, different programs compete for limited resources (e.g., A C L 

reconstruction surgery vs. renal dialysis). In questions of technical efficiency, the resources already 
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allocateci to the program are taken as given but the issue is how to deliver the most and best care 

or reach the most people given the set budget (e.g., A C L reconstruction surgery performed on an 

inpatient or outpatient basis). 

On the surface, choosing the technique appears straight forward. A cost-benefit analysis 

(CB A) values both costs and benefits in a constant monetary term (e.g., dollars) and is used for 

assessing allocative efficiency. Cost-effectiveness analyses (CEA) value the costs in monetary 

terms and the effectiveness in health measures of final outcome (e.g., return of acceptable knee 

range of motion), and it is a technique for the assessment of technical efficiency. A sub-section of 

CEA is cost-minimization analysis (CMA), a technique used when the programs under comparison 

are known (or assumed) to be equally effective. In that case, the economic analysis involves a 

comparison of costs only. Finally, cost-utility analyses (CU A) can be used for both allocative and 

technical efficiency analyses. A C U A values benefits in terms of patient oriented utility (i.e., how 

many healthy years will be gained by the program or treatment under study, in Quality Adjusted 

Life Years (QALYs) or Healthy Years Equivalent (HYE)). ( 134) Many authors refer to C U A and 

CEA collectively as cost-effectiveness analysis (136-139). There is debate about whether or not 

the analysis technique can be chosen in the planning stages of a randomized clinical trial ( 140). 

Most randomized clinical trials are designed to evaluate two treatments or programs of care for the 

same condition, therefore requiring an analysis of technical efficiency (CEA or CUA). That would 

be appropriate if one program was found to be less costly and no less effective. However, the 

situation may arise that the new (experimental) program was found to be more costly and more 

effective. A decision is then required as to whether or not to adopt the new program (CBA) and 
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if so, from where the additional funds will come. That unknown does not change the type of cost 

data collected, and researchers must be prepared to consider both types of analyses once the 

pertinent data is collected and analysed. The collected data can then be forwarded to funding 

decision makers (140). 

2.9.3 Economic Evaluations in Orthopaedics 

Previous economic evaluations in orthopaedics have included analyses of allocative 

efficiency (121, 137) and technical efficiency (139, 141-143). The use of the term "cost-

effectiveness" in the titles of the allocative efficiency studies by Chang et al. ( 13 7) and Liang et al. 

( 121 ) identified the ambiguity in the terms used in health economics. Both Chang et al. and Liang 

et al. addressed the allocative efficiency of total hip replacement (THR) ( 13 7) or THR and total 

knee replacement (TKR) (121). Chang et al. used a decision analytic model with outcome 

information gained from previously published literature and cost data acquired from the cost-

accounting system at the author's associated university hospital. They identified that THR may be 

cost-saving for a hypothetical 60 year old white woman and cost-effective for white males 85 years 

or older (costing $4600 per additional Q A L Y gained). Those data would be strong evidence for 

adoption and appropriate utilization according to the grading scheme of Laupacis et al. ( 133). 

Their sensitivity analysis demonstrated that even in the worst-case, there was moderate evidence 

for adoption and appropriate utilization ($27,000 and $80,000 per additional Q A L Y gained for 

the two models respectively) (133,137). Liang et al. performed a prospective cohort study where 

the utility and cost data were acquired directly from the patients followed in the study ( 121 ). The 
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authors discussed both cost-effectiveness and cost-benefit analyses in their study which lead to an 

ambiguous interpretation. The use of the Bush Index of Well-Being (BUI WB) (a general health 

status measure) without a disease-specific comparison group demonstrated an allocative efficiency 

purpose. The authors did not convert the BUIWB scores to QALYs making comparisons to other 

studies of allocative efficiency difficult. Their study also only compared the health care system 

utilization of the 6 months prior to surgery to the 6 months following surgery. That short term 

evaluation (one year) found little change in the amount of health services utilization, and therefore, 

little benefit to surgery. They recognized, however, that if the outcome was relatively stable over 

time, the relative cost-effectiveness of the procedure would likely increase (i.e., there would be less 

health services utilization compared to the non-surgical treatment of hip and knee osteoarthritis 

patients) as time progressed. They also demonstrated that the procedure was more cost-effective 

for patients with a poorer initial health status, as noted by Gottlob et al. in the ACL-injured 

population (139). 

Rorabeck et al. studied the use of cemented vs. cementless implants in the THR patient 

population ( 142). They found that the group inpatient costs were separated only by the difference 

in the costs of the implants. Taking a more societal approach to include physician charges 

(inpatient and follow-up), physiotherapy, transportation, lost time from work, and hospital 

readmissions in the first post-operative year revealed a similar outcome. The two treatment groups 

differed only by the cost of patient transportation back and forth to see their surgeon. Despite the 

randomization, the cementless group had to travel farther for follow-ups. The authors used a time 

trade-off technique to determine utility. While alluding that their study demonstrated strong 
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evidence for the adoption and appropriate utilization of THR (as per the guidelines of Laupacis et 

al. ( 133)) they did not state their utility values converted to cost per Q A L Y gained. They did state, 

however, that the utility value increased substantially from pre-surgery to 2 years post-surgery and 

was better than the utility that the same patients assigned to the best hypothetical scenario of a 

patient with mild arthritis ( 142). These results demonstrate the ability of C U A to address both 

technical and allocative efficiency questions. Had the follow-up time frame been substantially 

shorter (e.g., 3 or 6 months) the C U A may not have been as appropriate. If patients have not 

reached their rehabilitative post-operative plateau, the short-term disability due to incomplete 

recovery can cloud the ability to assess utility accurately, which may have been a problem with 

Liang et al. (6 month follow-up) (121). In cases of short-term follow-up it may be more 

appropriate to use cost-effectiveness analyses with effectiveness outcomes tied to the health 

outcomes expected at the time of follow-up or study conclusion (133). 

There have been three reports of economic analyses in the A C L reconstruction surgery 

literature ( 139,141,143). The study by Novak et al. compared the costs of A C L reconstruction 

surgery in an outpatient surgical centre to those incurred when the surgery was performed in a 

standard hospital setting (143). The authors stated that there were no differences in patient 

satisfaction or short-term clinical outcome in those two groups. Since that information was not 

presented with the cost results, this should be considered a cost-minimization study (143). 

Performing surgery at the outpatient surgical centre resulted in cost savings of $4,960 ( 1994 US 

dollars — $3,855 vs. $8,815). Those costs included charges for hospital stay, physiotherapy 

services, bracing, constant passive motion and pain control as applicable. 
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Gottlob and colleagues compared the surgical vs. conservative treatment of A C L injury 

( 13 9,141 ). Similar to the study by Chang et al. ( 137), a decision analytical model was used to 

determine the cost-effectiveness (cost-utility) of treatment over a 7 year period (post-surgery). 

Hospital cost data were combined with outcome data from the literature to build their model. The 

authors developed a six point functional classification scale for outcome, which was converted to 

a utility scale. 

A specially designed, direct utility assessment questionnaire was 
developed to elicit utility values for Classes I, II, III, IV. The 
questionnaire presented subjects with four detailed, hypothetical 
scenarios. ... Subjects were asked to rate the desirability or 
acceptability of these scenarios based on the impact that each 
would have on his or her general well-being. (141) 

It is unclear from the study how the "rating" was converted to a unit of utility (e.g., standard 

gamble, or time trade-off). The number of QALYs experienced by each patient were determined 

by multiplying the time spent in each functional class by its utility value. This study demonstrated 

that A C L reconstruction surgery cost $943 5/QALY gained (US dollars—$11,768 vs. $2,333 

over seven years with 1.61 QALYs gained through surgery). The sensitivity analysis demonstrated 

a range of $2,829/QALY to $53,116/QALY. These results established moderate-to-strong 

evidence for appropriate utilization of A C L reconstruction surgery by the Laupacis guidelines 

( 13 3). An interesting outcome from the Gottlob et al. study was derived from the utility analysis 

and showed that life without sports held only one-third the value of "perfect health" in a university-

aged population and that that group of health and physical education students valued athletic 
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participation as much as older adults valued the ability to ambulate independently (139, 141). 

Previous studies that compared limited physiotherapy to standard physiotherapy programs 

following acute ankle sprain ( 128), arthroscopic menisectomy ( 126) and A C L reconstruction ( 17. 

122,123,144) included the costs of physiotherapy but did not include a full economic analysis. 

In acute ankle sprains and arthroscopic menisectomy, $552 and $810 respectively, were saved 

by using a primarily or completely home-based rehabilitation program (outcomes were reportedly 

equal between the programs) ( 126,128). Unfortunately, the variation in the cost per session for 

physiotherapy made comparison difficult based on cost alone. In Schenck et al.( 17), Treacy et al. 

(123) and DeCarlo and Sell (122) the cost per session ranged from $55 to $100 (US dollars). 

The reported savings in physiotherapy cost alone were $705 (14.2 vs. 2.85 sessions at 

$55/session) ( 17), $ 1040 (20 vs. 7 sessions at $80/session) ( 122), and $5000 (60 vs. 12 sessions 

at~$100/session)(123). 

Differences in the study design and time period studied (related to the standard of 

rehabilitation practice) made comparison across studies difficult. The lack of complete economic 

analyses and the potential for cost savings suggest a clear indication for an economic analysis to 

parallel a randomized clinical trial comparing the outcomes of a home-based and physiotherapy-

supervised rehabilitation in the period following A C L reconstruction. 

2.10 Conclusion 

The incidence of A C L injury is substantially lower than other common sports injuries (e.g., 

ankle sprain). The burden of injury, however, including the cost and pain associated with surgery, 
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the length of time missed from recreational activities, the time required for rehabilitation and the 

potential long-term effects of amajor joint injury, is much higher. The surgical techniques and post

operative rehabilitation for A C L reconstruction have evolved substantially over the past 25 years. 

Those changes have significantly reduced the incidence of post-operative complications and the 

length of time for recovery and rehabilitation. Patients now have a reasonable expectation to return 

to their pre-injury level of activity. 

Current clinical outcomes have demonstrated the success of accelerated rehabilitation 

programs despite going against the current level of knowledge of biological healing rates based on 

animal models of injury and recovery. The effectiveness of subthreshold stress on graft maturation 

has yet to be elucidated in the human model but appears to be indirectly superior to that in animal 

models given the results of the clinical outcome studies. The importance of attaining full range of 

motion, muscle control and the resolution of knee effusion before surgery has been shown. Patient 

education regarding the process of surgery and the post-operative rehabilitation expectations is 

paramount, as is the patient motivation required to comply with the intensive post-operative 

rehabilitation protocol. The design of, and compliance to the rehabilitation program are as 

important as the surgery itself for a successful outcome following A C L reconstruction. 

Recent information suggests that patients undergoing A C L reconstruction may be able to 

rehabilitate successfully with limited but purposeful and education-intensive supervision. With 

today's expanding health care costs and health care reform, that fact must be more clearly 

determined in conjunction with the economic impact of any relative changes to the delivery of 

quality health care for A C L injured individuals. Having reviewed the current knowledge, the 
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following study was performed to evaluate the cost-effectiveness of a rehabilitation program of 

limited physiotherapy supervision in patients following reconstruction of the anterior cruciate 

ligament. 
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CHAPTER THREE: METHODS 

3.1 Preliminary Work 

3.1.1 Physiotherapy Clinic Audits 

To develop the rehabilitation program used in the randomized clinical trial, information was 

required about the current standard of post-ACL reconstruction rehabilitation. Information about 

the frequency of physiotherapy treatments was acquired from two sports physiotherapy clinics in 

Calgary. These clinics treat a high number of patients associated with surgeons who perform A C L 

reconstructions on a regular basis. The patient charts and billing records from the University of 

Calgary Sport Medicine Centre and billing records from the Lindsay Park Sport Medicine Clinic 

were audited to determine the mean number of physiotherapy sessions each patient attended. 

Other information collected included the different funding bodies (health region, patient paid. 

Worker's Compensation Board), the pattern of funding (e.g., health region funded up to a certain 

point and patient funded thereafter) and how many sessions each of these funding bodies usually 

covered. (15, 16) The final summary reports of these audits are included in Appendix A. 

3.1.2 Development of the Rehabilitation Protocol 

The scientific literature, orthopaedic surgeons from Calgary, and select orthopaedic 

surgeons from across Canada provided post-ACL reconstruction rehabilitation protocols. 

Protocols from the following Calgary area orthopaedic clinics were acquired: University of Calgary 

Sport Medicine Centre (includes Drs. Doug Bell, Robert Bray, Cy Frank, Nick Mohtadi), Lindsay 

Park Sport Medicine Clinic (includes Drs. Darrell Penner and John Bauman), and Dr. Mark Heard 
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(Calgary/Banff). Protocols were received from other Canadian centres including Winnipeg, M B . 

London, ON, Ottawa, ON and Toronto, ON (total of five protocols). Protocols extracted from 

the scientific literature were based on the accelerated rehabilitation program of Shelbourne and Nitz 

(12). These included protocols from studies by Schenck et al. (17), DeCarlo and Sell (122). 

Treacy et al. (123), Shelbourne and Rask (109), Beard et al. (4), and Wilk and Andrews (14) 

A l l protocols were reviewed and compared for similarities and differences. These acquired 

protocols were compared with the advancing knowledge in the science of A C L graft healing (phase 

of graft remodelling (57)) and the published experience of orthopaedic surgeons and 

physiotherapists with the evolution of accelerated rehabilitation to determine any inconsistencies or 

outdated practices (12,13,49,63,145). Given the current state ofscientific knowledge regarding 

the safe rehabilitation of A C L reconstructed individuals, information from all of the acquired 

protocols was combined to develop the rehabilitation protocol used in this study. 

During the University of Calgary Sport Medicine Centre chart audit (Section 3.1.1 ), the 

exercises and exercise progressions used with each patient were recorded. These records were 

compared with the standing protocol at the time. Typically, treadmill walking (forward and 

backward) and the use of the wobble board, rebounder (mini trampoline) and ProFitter® were 

routinely being prescribed ahead of the schedule outlined in the standing protocol (15). This 

information was also used to guide the development of the new protocol. 

Once a draft protocol was completed, it was reviewed by each of the orthopaedic surgeons 

and physiotherapists at the University of Calgary Sport Medicine Centre. The final draft of the 

protocol was complete once all of the surgeons and therapists at the Sport Medicine Centre were 
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satisfied with the included activities, progressions, instructions, and diagrams. The final protocol 

was combined with background information on injury etiology, knee anatomy and the A C L 

reconstruction surgical procedure in the Exercise Rehabilitation Booklet (Appendix B). 

3.1.3 Pilot Evaluation of Electrogoniometers 

3.1.3.1 Equipment 

Initially, it was proposed that knee range of motion during gait would be measured with 

electrogoniometers. Two electrogoniometers were purchased from Tenet Medical (Calgary. AB). 

These were solid framed and uniaxial. The "hinge" contained a variable resistance potentiometer 

(VRP) to detect the change in angle between the two arms (diagram in Appendix C). These 

electrogoniometers were based on the design of an incentive electrogoniometer that had been 

previously used in house for biofeedback training (M. Maitland, personal communication, 1999). 

These electrogoniometers fit within the lateral aspect of specially designed neoprene knee braces. 

These braces were designed at the Sport Medicine Centre (J. Grant) and were manufactured by 

Anatech® Inc. (Vancouver, BC). 

Analog output from the electrogoniometer's VRP was in volts. Unshielded twisted pair 

cable using an RJ11 connector on the VRP side transmitted the electrogoniometer voltage output 

to the analog to digital (A-D) converter. The A-D converter was connected to a personal 

computer running the strip chart software WinDaq™. Voltage data were displayed on the 

computer screen in graphical format, drawing the knee range of motion in real time as the patient 

walked. The data were then imported into Microsoft® Excel™ as an ASCII text file to enable 
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graphing and the determination of maximal (flexion) and minimal (extension) points. 

3.1.3.2 Bench-Top Reliability and Calibration 

The first section of the pilot project involved the determination of the reliability of the 

voltage output through the complete range of motion. To do this, a standard plastic clinical 

goniometer was used to set the angle of the VRP. Included angles from -16 to 140° (in 10° 

increments except for the first increment [-16 to -10°]) were tested twice on each of the two 

electrogoniometers. The voltage output for each incremental angle was recorded from the WinDaq 

software. An intraclass correlation coefficient (ICC) was calculated for each VRP to quantify test-

retest reliability. 

Once the reliability was determined, a calibration regression equation converted the voltage 

output to degrees of knee range of motion. The angle and voltage information collected during the 

reliability evaluation was regressed in Microsoft® Excel™ to obtain a conversion equation 

3.1.3.3 Reliability in situ 

Once the conversion equation was determined, six normal and recreationally active subjects 

were evaluated with the electrogoniometers. Three males (27.0 ± 2.6 yr) and three females (25.3 

± 2.3 yr) who were free from history of knee injury completed this study. To accommodate to the 

knee braces the subjects performed 4 trials of 10 walking paces with the electrogoniometers in 

place. Data were monitored but not recorded during the accommodation trials. They then 

performed 3 trials of 10 paces that were recorded. The electrogoniometers were then placed on 
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the opposite leg, and the subjects repeated the 3 trials of 10 paces (5 per leg). This process was 

performed to ensure that each electrogoniometer was reliable between trials and that both 

electrogoniometers measured the same range of motion irrespective of the leg measured. 

Once collected, the data were exported to Excel™, and the peak extension and peak 

flexion points from each full stride of both legs were determined. The values were averaged for each 

of four paces that occurred within one trial. There were irregularities with the fifth steps in each trial 

(i.e., the subjects slowed or stopped during the fifth step), therefore only the first four complete 

steps were used for comparison. To assess inter-trial (same leg) reliability, the data from all 12 gait 

cycles ( 4 gait cycles x 3 walking trials) were used to calculate an intra-class correlation (ICC) for 

extension and flexion for both right and left legs with each of the 2 electrogoniometers. 

Differences in measurement between the two electrogoniometers were calculated by 

subtracting one average measurement from the other. For each subject, differences were calculated 

for extension and flexion measurements in both knees. These error differences were evaluated for 

clinical relevance (i.e., compared to the clinically acceptable difference of 5 ° to be used in the main 

study - see Section 3.6.3). Paired t tests were used to determine i f there were significant 

differences between the measures for the two electrogoniometers (a = 0.05). 

3.1.3.4 Comparison of Electrogoniometer Output with Video Analysis 

To further evaluate the ability of the electrogoniometers (EG) to detect clinically relevant 

differences in knee range of motion during gait, two female patients with flexion contracture also 

underwent video analysis concurrent with the EG reliability assessment. This allowed a comparison 
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of the electrogoniometer output with the video digitized knee j oint angle and provided measurement 

of EG movement relative to the leg by comparing the digitized knee joint angle to the digitized EG 

angle. 

During these trials, video markers were placed on the greater trochanter, proximal end of 

the proximal EG arm, center of the EG hinge (approximated the knee joint center of rotation), distal 

end of the distal arm of the EG and the lateral malleolus. A digital video camera (Sony® Digital 

Handycam model D C R - V X 1000) was used to collect the video data. The camera lens was set 

at 52 cm above the floor. The camera was manually focussed. The camera collected data at 3 0 

Hz so the shutter speed was increased to ensure clear video for digitizing (shutter speed -1.4 ms). 

The 2 patients performed a total of 16 walking trials of approximately 5 paces each. The 

first four trials were for accommodation during which the data were monitored but not recorded. 

As the 2D video could only record one leg at a time, the right and left legs were videoed separately. 

A reliability evaluation of the two EGs was completed. Therefore, there were four video trials : left 

leg with EG 1, right leg with EG2, right leg with EG 1 and, left leg with EG2. Within each video trial, 

the patient performed three walking trials (three repeats of five paces). Within each walking trial, 

two full gait cycles were videoed. This process is demonstrated in a flowchart in Appendix D. This 

trial process allowed for six gait cycles of data collection for each EG on each leg. A 

synchronization system was set-up such that a button could be pressed by the researcher to 

illuminate an LED that was visible in the video's field of view and insert a voltage spike on a 

separate channel in the WinDaq data collection software. In this way, the digitized video frames 

were synchronised with the EG data. 
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The video data were digitized with Motion Plus software developed in the Sport 

Technology Research Centre of the University of Calgary ' s Faculty of Kinesiology. The angle of 

the knee joint (greater trochanter, center of the EG hinge, lateral malleolus) and the angle of the EG 

itself (proximal arm of the EG, center of the EG hinge, distal EG arm) were both determined with 

Motion Plus. These raw angle data (ASCII text) were exported to Microsoft® Excel™ and 

synchronized with the EG data (ASCII text) exported from the WinDaq™ software. The inter-trial 

reliability both within EG and between the two EGs was calculated as described in Section 3.1.3.3. 

The data from the six walking trials for each leg were averaged on a frame-by-frame basis (both 

video and EG data). Differences between the digitized knee joint angle and the digitized EG angle, 

the digitized knee joint angle and the EG output, and the digitized EG angle and the EG output were 

calculated on a frame-by-frame basis in Excel™. The mean difference (over all frames of the trial) 

for each of these comparisons was then calculated. 

The pilot study was performed to ensure that there was a reliable and accurate tool to 

measure range of motion in the knee. Knee range of motion was considered to be the most 

important outcome in the early post-operative period following A C L reconstruction. Once this tool 

had been evaluated, the following randomized clinical trial was carried out. 

3.2 Randomized Clinical Trial 

3.2.1 Design 

This study was a two arm, randomized clinical trial. 
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3.2.2 Study Population 

Patients with A C L deficiency who were referred to one of the four knee surgeons at the University 

of Calgary Sport Medicine Centre. 

3.2.3 Sampling 

Those eligible for the study were consecutive patients seen at the University of Calgary Sport 

Medicine Centre who were booked for A C L reconstruction surgery with one of the four 

participating surgeons and who met the inclusion criteria. 

3.2.4 Inclusion Criteria 

1 ) 16 years of age or older 

2) surgery at least 6 weeks post-inj ury to allow for a return of full range of motion, minimize 

swelling and offset strength deficits due to pain/swelling (5) 

3 ) all patients must have had A C L reconstruction with a bone-patellar tendon-bone autograft 

4) all patients must have been able to understand English 

Patients older than 15 years were included based on previous reports that younger 

teenagers were much less compliant with home exercise programs ( 17). Patients 16 years or older 

are less likely to have open physes, thereby avoiding the possible surgical modifications required 

to avoid drilling through the growth plate. Previous research has demonstrated that performing 

A C L reconstructions in the acute stage of injury while the knee does not have full range of motion 

leads to post-operative problems with stiffness, difficulty in regaining full range of motion, and joint 
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pain ( 1,39,40). Patients were included only if they were more than 6 weeks following their injury 

( 1 ). This allowed patients time to reduce edema and regain their range of motion before their 

surgery. 

This study was limited to bone-patellar tendon-bone grafts to avoid the co-variate of graft 

site morbidity and the variations in post-operative rehabilitation program that accompany the 

different graft sources. The educational aspect of this study was paramount because patients who 

are knowledgeable of the surgery and rehabilitation process have better outcomes ( 109). For this 

reason, all subjects had to understand English to benefit from the educational component of the 

study and the study's Exercise Rehabilitation Booklet for home use. 

3.2.5 Exclusion Criteria 

1 ) refusal to give informed consent 

2) previous or concomitant reconstruction (of any knee ligament) to either knee 

3) ongoing knee pathology unrelated to the A C L injury (e.g., substantial osteoarthritis) 

4) professional athletes or Worker's Compensation (WCB) patients 

5 ) complications during surgery (e.g., inadequate graft fixation requiring protocol modification) 

6) patients with no access to local physiotherapy services 

Professional athletes with access to a team athletic therapist or physiotherapist were 

excluded because of potential contamination of those athletes randomized to the home-based 

program (5). WCB patients were excluded because the WCB provided physiotherapy for their 

patients, the funding was provided privately by the WCB, and the WCB does not allow its patients 
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to enter into randomized clinical trials. Patients living in a region where physiotherapy services were 

not readily available were excluded because the distance to physiotherapy may have adversely 

affected attendance if they had been randomized to the physiotherapy supervised group. 

3.2.6 Recruitment 

In the last pre-operative clinic visit at the Sport Medicine Centre, each patient" s respective 

surgeon provided him/her with information about the study. Study information was also available 

on posters hung in each of the clinic's examination rooms. Surgical booking schedules for Drs. Bell. 

Bray and Mohtadi were reviewed on an ongoing basis. The names were recorded of patients 

booked for A C L reconstruction surgery with one of these surgeons. The physician's charts for 

these patients were accessed and reviewed to determine if the patient had signed the Sport 

Medicine Centre's informed consent form to allow investigators to contact them regarding research 

projects for which they would be eligible. If the patient agreed to allow contact, the full chart was 

assessed for eligibility. If not clear from the chart, the patient's eligibility status was checked with 

the patient's surgeon. Dr. Frank's patients eligibility was determined by his assistant who sent the 

surgical booking card and contact information to the Research Assistant. 

Once eligible patients were identified they were contacted by phone by the investigator to 

provide them with information regarding the study and to ask if they were interested in participating. 

Patients agreeing to take part in the study were booked for a pre-operative education session and 

assessment at the Sport Medicine Centre. This education and assessment session was scheduled 
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within the 2 weeks prior to their A C L reconstruction surgery. A l l surgeries were performed at the 

Peter Lougheed Hospital. 

3.2.7 Randomization 

A stratified and blocked randomization procedure was used to ensure that no large 

differences existed in group size. Patients were stratified by surgeon to ensure that differences 

between surgeons did not influence the results. Block sizes were 12, 10, 8, 6, and 4. When 

patients were enrolled in the study, the Research Assistant drew from the respective surgeon's 

opaque envelope to determine the patient's group assignment. The group assignment was noted 

on an information sheet (Appendix E) and sealed in a kraft envelope. The patients opened the 

envelope after leaving the pre-operative education session. Patients were instructed to not reveal 

their group assignment to the assessor at any time throughout the course of the trial. 

3.2.8 Clinical Protocol 

A l l patients attended a pre-operative education and assessment session within the 2 weeks 

prior to the scheduled surgery. During the assessment session patients underwent baseline testing 

of the dependent variables of passive knee extension and active assisted knee flexion range of 

motion, knee range of motion during gait (video analysis), knee ligament laxity (KT2000 

computerized arthrometer, MedMetric Corp., San Deigo, CA), quadriceps and hamstrings maximal 

torque (Cybex® NORM™ isokinetic dynamometer, Cybex (a division of Lumex), Ronkonkoma, 

N Y ) and condition-specific quality of life (ACL-QOL questionnaire (30)). For patients not 
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included in the study, the pre-operative education session was offered to all patients at the Peter 

Lougheed Hospital. Except for video gait analyses, Sport Medicine Centre patients not included 

in the study routinely underwent assessment of the outcome measures used in this study. 

Patients in both study groups attended the same pre-operative education session lasting 

approximately one hour. The education session included information regarding the use of the 

Zimmer® knee immobilizer (Zimmer Inc., Warsaw, IN), Cryo/Cuff® (AirCast Inc., Summit, NJ) 

and crutches. Phase I of the rehabilitation program (days 1 to 7 after surgery) was discussed and 

the required activities were demonstrated. Other information regarding what to expect on the day 

of surgery, post-operative medications, hospital discharge, discharge orders and other adaptive 

information (especially with respect to activities of daily living) was also provided. This session 

concluded with a question and answer period. 

Patients were provided with various handouts and booklets to take home. These handouts 

contained all of the information covered in the session and allowed the patients to have continuous 

access to reference information throughout the study period. Patients were provided with: 

1 ) Exercise Rehabilitation Booklet: This booklet contained basic introductory information 

regarding the anatomy of the knee, the importance of the A C L , the muscles of the lower 

extremity and how the A C L reconstruction surgery was performed. Each of the four 

phases of the rehabilitation program were then described. Each phase included sections 

for rehabilitation goals, knee immobilizer use, weightbearing, cryotherapy, stretching, 

strengthening, endurance activities and proprioception (as appropriate). Instructions on 

how to perform the exercises, the number of sets and repetitions to perform, exercise 
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progression criteria and exercise precautions were included. A l l new activities/exercises 

were accompanied by a line diagram. The rehabilitation program was designed for home-

based rehabilitation without extensive equipment requirement. For those patients with 

access to exercise equipment in the physiotherapy department, at home or at a fitness 

centre, additional exercises were included at the end of each phase. Patients were 

instructed only to include these exercises on the advisement and instruction of their 

physiotherapist. The "Exercise Rehabilitation Booklet" is included in Appendix B. 

2) Rehabilitation Exercise Log Book: This log book was used to record daily rehabilitation 

activity. To assist with compliance (by decreasing the amount of information that the 

patients had to enter), the required exercises and activities were listed for each day in the 

log book. Patients were instructed to note the number of repetitions and sets of exercise 

that they performed. The benefits of setting short-term rehabilitation goals (attainable within 

1 to 2 weeks) were discussed with all patients during the pre-operative education session. 

Therefore, there was also a section allotted for the setting and tracking of these goals. 

There was a separate entry table for each day of each phase throughout the three month 

study period. The entry tables were customized to the exercises and activities for each 

specific phase. This booklet was used to help the patients track their improvement over 

time and for the researchers to track the amount of work performed by each patient. The 

"Rehabilitation Exercise Log Book" is included in Appendix F. 

3 ) Instructions for Crutch Use: This pamphlet was provided by the Calgary Health Region and 

covered the proper method of customizing the crutches to the height of the patient, proper 
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methods of ambulation with crutches and crutch safety issues. The pamphlet "Instructions 

for Crutch Use" is included in Appendix G. 

4) Cryo/Cuff® Information Sheet: A two page information sheet accompanied each 

Cryo/Cuff®. It contained instructions for set-up and use. These instructions were also 

labelled on the Cryo/Cuff® cooler itself. The "Cryo/Cuff® Information Sheet" is included 

in Appendix H. 

5) Pre-Admissions hrformation: This pamphlet was provided by the Calgary Health Region 

and included the information required to prepare for surgery: hospital contact phone 

numbers, skin preparation, fasting, effects of anaesthesia, and what (and what not) to bring 

to the hospital. The "Pre-Admissions Information" pamphlet is included in Appendix I. 

6) Pre-operative Preparation Handout: This Sport Medicine Centre handout covered all 

remaining information reviewed at the pre-operative education session. The "Pre-

Operative Preparation Handout" is included in Appendix J. 

A l l patients, regardless of grouping, followed the same rehabilitation protocol for the first 

7 to 10 days after surgery (Phase I). A l l patients commenced physiotherapy one week after 

surgery ( 10). It was the patients' responsibility to book their physiotherapy sessions. Patients were 

instructed to book their first physiotherapy session within a day or two of their pre-operative 

education session (i.e., within one or two days of determining their group assignment). Patients 

were to be seen by their surgeon between 1 and 2 weeks after surgery, at 6-7 weeks after surgery 

and at 12 weeks after surgery as per the current standard of care. 
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3.2.8.1 Home-Based Rehabilitation Group 

A l l patients randomized to the home-based rehabilitation group (home group) met with the 

same physiotherapist at the Sport Medicine Centre at the initial scheduled visit 7-10 days after their 

surgery. The physiotherapist provided the patients with information about the rehabilitation process 

and reviewed the patients ' progress with the Phase I exercises. Standard physiotherapy modalities 

were applied at the physiotherapist's discretion. At the end of the session, the exercises for Phase 

II were introduced. The patient was instructed to demonstrate the exercises independently to the 

physiotherapist to ensure they understood how, and were able, to perform them properly. This 

process was repeated at each of the subsequent three sessions. The patients were monitored at 

the three subsequent sessions for their adherence to the home program. Patients were instructed 

to bring their log book to each session so that they could be reviewed by the physiotherapist. 

Patients were subsequently to be seen at the end of 3,6 and 12 weeks after surgery for a total of 

4 physiotherapy sessions within the first 3 post-operative months. Patients were supplied (at no 

cost to them) with a Cryo/Cuff® for cold compression, three pieces of elastic tubing (increasing 

resistance) (Physiotoners, Fitter Intl. Inc., Calgary, AB) and a 40.6 cm diameter adjustable height 

wobble board (Fitter Intl. Inc., Calgary, AB) for use in their home exercise program. 

3.2.8.2 Physiotherapy-Supervised Group 

Patients randomized to the physiotherapy-supervised rehabilitation group (physiotherapy 

group) commenced physiotherapy one week after surgery. Patients were free to see the 

physiotherapist of their choice at the clinic of their choice. Patients attended 2 sessions per week 
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for weeks 2-7 inclusive and once per week for weeks 8-12 inclusive after surgery for a total of 17 

sessions within the first 3 post-operative months. This was in line with the average number of 

sessions routinely prescribed for the patients at the Lindsay Park Sport Medicine Clinic ( 16) and 

elsewhere (5). 

Patients received a copy of the 12 week rehabilitation protocol with a covering letter 

describing the research for them to give to their physiotherapist. The cover letter and physiotherapy 

version of the rehabilitation protocol are included in Appendix K. It is standard practice for 

physiotherapists to use the rehabilitation protocol provided by the patient's surgeon. While the time 

lines for each phase of the rehabilitation were given, the progression through the protocol was 

directed by the physiotherapist and was dependent on the patient's ability to meet the progression 

criteria. An attendance sheet was provided to each physiotherapist with the protocol and cover 

letter. The physiotherapist was asked to note the date of each patient's attendance over the 12 

week period. The physiotherapist was asked to fax this attendance sheet to the Research Assistant 

at the end of the 12 week study period. This attendance sheet was used to track attendance (i.e., 

compliance) with the protocol (Appendix L). As this group was designed to receive physiotherapy 

treatment in a setting as close to "real world" as possible, attendance was used as a measure of 

compliance. 

Patients were supplied at no cost to them, with a Cryo/Cuff® and three pieces of elastic 

tubing (increasing resistance) (Physiotoners). They were not provided with the wobble board as 

that was standard physiotherapy clinic equipment. Patients were informed that if they chose to 

attend the University of Calgary Sport Medicine Centre or the outpatient Physiotherapy 
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Department at any of the Calgary Health Region's hospitals, the cost of all 17 physiotherapy 

sessions would be covered (i.e., no cost to the patient). The investigators were not logistically able 

to ensure this was the case at every private clinic. 

3.2.9 Patient Assessments 

Patients were evaluated three times: pre-operatively for baseline measurements, 6 weeks, 

and 12 weeks post-operatively. A l l assessments were performed by the same person to remove 

error due to inter-tester variation. The assessor was blinded to group assignment throughout the 

study. Patients were repeatedly told not to inform the assessor of their group assignment in any 

way. The time line for recruitment and outcome assessment is included in Appendix M . 

At the beginning of the pre-operative assessment, the patients were weighed on a standard 

physician's balance scale. The scale was checked before each measurement to ensure it was 

properly zeroed. Patients were weighed in their choice of clothing without shoes or outdoor wear. 

Each patient's height was measured to the nearest 0.5 cm. Patients stood with no shoes, took a 

deep breath in, and looked straight ahead during the measurement. 

The patient was then taken into the clinic area and asked to change into shorts if he/she was 

not already so clothed. The patient was then asked to describe subjectively the problem with 

his/her knee and any pain, clicking, catching, giving way or other symptoms that he/she was 

currently experiencing. The patient was also asked about any history of injury to the contralateral 

(nonsurgical) knee. After that history was taken, an explanation was provided of how the complete 

assessment would be performed. The assessment continued with (in order) the assessment of knee 
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extension and flexion range of motion, knee ligament laxity, knee range of motion during gait, 

quadriceps and hamstrings strength, and if necessary, condition-specific quality of life. The methods 

of assessment are described in Section 3.2.10. For all outcomes except the knee range of motion 

during gait, the nonsurgical knee was assessed first, followed by the surgical knee. 

3.2.10 Outcome Measures 

3.2.10.1 Knee Range of Motion 

Standard clinical goniometer measurements were performed to be consistent with previous 

studies. That clinical method had errors estimated to be 3.1 to 4.0° (146). 

3.2.10.1.1 Passive Extension 

Patients removed their socks and lay in a prone position with the knee joint positioned 

slightly beyond the end of the plinth. The patients were asked to relax as much as possible, 

especially their hamstrings. After approximately 1 -2 min, the difference in heel height was measured 

with a large plastic right-angled triangle with a ruler graduated in millimetres on the vertical arm. 

The horizontal arm of the triangle was placed on the postero-inferior aspect of the calcaneus of the 

lower (i.e., more extended) leg. The vertical arm of the triangle was then placed against the 

postero-medial aspect of the contralateral foot. The assessor then positioned himself such that the 

posterior aspect of the contralateral foot was at eye level. The difference in heel height was then 

read off the ruler on the vertical arm of the triangle and recorded on the data collection sheet. 

A standard plastic goniometer was used to measure the degree of extension in both knees. 
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The goniometer was graduated in 1 0 increments. The patient remained in the same position as used 

for the heel height difference measure. The lateral femoral condyle of the nonsurgical leg was 

identified by palpation. If necessary, the patient's leg was moved through its range of motion to 

facilitate the accurate identification of the lateral femoral condyle. Once the lateral femoral condyle 

was identified, the centre of rotation of the goniometer was placed over it. The greater trochanter 

was then identified by palpation. The proximal arm of the goniometer was placed along the long 

axis of the femur, directed at the greater trochanter. The proximal arm was then held in place while 

the distal arm was placed along the long axis of the leg, directed at the lateral malleolus of the fibula 

(Appendix N). The angle of the knee joint was read off the goniometer and recorded on the data 

collection sheet. A "straight" knee was 0 0 . Hyperextension was denoted as a negative value (e.g., 

-5 ° = 5 ° hyperextension). The same protocol was repeated on the surgical leg. 

3.2.10.1.2 Active Assisted Flexion 

After extension measures were completed the patient was asked to position him/herself 

supine on the plinth such that his/her complete body was supported. A strap was then placed 

around the ankle of the nonsurgical leg in a figure of eight fashion. The patient held one end of the 

strap in each hand. While keeping the foot on the plinth (to support the weight of the leg) the 

patient was asked to pull on the strap and to use his/her hamstrings to flex the knee as far as 

comfortably possible and hold it in that position while the measurement was taken. The active-

assisted range of motion was measured to ensure that muscle specific factors (inhibition and length-

tension relationship) did not affect the measurement of the full range of motion. The lateral femoral 



75 

condyle was identified by palpation. The center of rotation of the goniometer was placed over that 

landmark. The greater trochanter was palpated, and the proximal arm of the goniometer was 

placed along the long axis of the femur in line with the greater trochanter. The proximal arm of the 

goniometer was held in place while the distal arm was placed along the long axis of the tibia, 

directed towards the lateral malleolus of the fibula (Appendix N). The change in knee joint angle 

from 0 0 was then read off the goniometer and recorded on the data collection sheet. The same 

protocol was repeated on the contralateral (surgical) leg. 

3.2.10.2 Sagittal Plane Knee Laxity 

3.2.10.2.1 Manual Knee Laxity Screening 

A Lachman test and anterior drawer test were performed on each knee to confirm A C L 

deficiency—nonsurgical first, then surgical knee. While the knee was in 90 °, it was also assessed 

for a posterior sag and posterior drawer sign. An active posterior cruciate ligament (PCL) test was 

performed with the knee in 90 0 . For the active PCL test, the patient was asked to keep his/her 

foot in contact with the plinth while attempting to slide his/her foot towards the end of the plinth 

(knee/hip extension). While the patient attempted to extend his/her knee, the assessor constrained 

the patient's foot/ankle to the plinth to cause an isometric quadriceps contraction. During the 

contraction, the assessor was positioned to focus across the anterior tibial plateau to observe if any 

active anterior tibial translation occurred. Any patient with a positive PCL screening result was 

excluded. The medial collateral ligament (MCL) and lateral collateral ligament (LCL) were also 

assessed by valgus and varus stresses, respectively, with the knee in 0 0 flexion and 30 0 flexion. 
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Any patient with noticeable side-to-side difference in varus/valgus laxity was excluded. 

3.2.10.2.2 Computerized KT2000 Arthrometer 

A review of the literature revealed the Medmetric KT 1000 or KT 2000 to be the most 

commonly used system for measuring A C L laxity (Appendix 0)(4,5,17,144,147). Holcomb 

et al. reported the intra-tester intraclass correlation to range from 0.98 to 1.00 with a standard error 

of the mean ranging from 0.00 to 0.28 mm (148). 

Following the manual laxity screening, the KT thigh support and foot rest were positioned 

as directed ( 149-153). The thigh support was designed to place the knee in approximately 20-300 

of flexion for the arthrometer test. The patient's legs were positioned in neutral axial rotation with 

the lateral borders of the feet resting against the sides of the foot rest. The thigh strap was placed 

around the distal thighs to ensure the legs remained in neutral or slight external axial rotation 

throughout the test. The legs were not constrained to internal rotation. During the pre-operative 

assessment, patient data were entered into the KATIE software including name, surgeon, injured 

leg (right or left) and PCL screening result. At the six week assessment, the patient's data were 

updated to " A C L reconstructed" from " A C L injured" and the date of surgery was entered. The 

KATIE software was the in house-designed computer software that replaces the K T plotter and 

recorded translation data in real time. 

The KT was first affixed to the anterior tibia of the nonsurgical leg. The "joint line" marker 

on the lateral side of the KT was aligned with the knee lateral joint line (determined by palpation) 

( 149). The KT was then aligned along the long axis of the tibia (maintaining neutral rotation) and 
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strapped to the tibia just proximal to the malleoli and at mid-calf (Appendix 0). If the patient 

complained of pain on the distal shin or tibial tubercule due to the pressure of the plastic KT contact 

areas, a thin towel was placed between the K T and the shin to reduce superficial symptoms. The 

patient was instructed to lay as relaxed as possible with head resting on the pillow and hands either 

by the sides or across their stomach. The patient was asked to relax the legs, and especially the 

hamstrings, as much as possible throughout the complete KT assessment. Lack of patient 

relaxation has been shown to reduce drawer measurements by up to 75% (154). 

One of the assessor's hands applied a firm and constant force to the patellar pad to stabilize 

the patella in the trochlear groove and hold the KT's patellar pad in place. The assessor ' s other 

hand was used to apply a posteriorly directed force (duration = 0.5 s) to the knee through the KT 

force handle. Upon relaxation, the KT dial was zeroed. That process was repeated until a 

constant zero position (measurement resting position) was achieved (149). The process also 

helped the patient to minimize muscle tone for the assessment (149,155). A series of seven 

posterior, anterior, posterior force cycles was performed to help the patient accommodate to the 

testing process ( 149,155). During the conditioning repetitions, the force-displacement trace was 

monitored on the computer screen to determine if valid response patterns were being recorded. 

Once the knee was conditioned, the patient was asked if he/she felt any pain during the testing 

procedure. If anyone experienced shin pain, a thin towel (or a thicker towel if one was already in 

place) was positioned as previously described. The patient was reminded to relax as much as 

possible. The K T dial was then viewed to ensure it was still zeroed (if not, it was adjusted as 

previously described). The KATIE program was then zeroed, and data recording commenced. 



78 

The K T test started with a posteriorly directed force (duration = 0.5 s) after which the knee was 

allowed to relax in neutral for approximately 0.5 s before a maximal anteriorly directed force was 

applied. Once the anteriorly directed force was greater than 13 5 N (as identified by an audible 

tone), a posteriorly directed force was immediately delivered translating the knee back through 

neutral to the end range of posterior translation. The posterior force was then released, and the 

knee was allowed to return to the resting neutral position. The process was repeated three times. 

The K T dial was checked to ensure that the knee returned to a zero position between each 

repetition. 

After three repetitions, the data recording was stopped, and the resultant three force-

displacement curves were reviewed for validity. To be valid, the anteriorly directed portion of the 

curve had to cross the x-axis within 1 mm of zero, the top of the graph (maximal anterior force) 

should have come to a peak (i.e., not flattened out), the hysteresis line should follow the same 

pattern as the anteriorly directed force-displacement curve, and the curve should return to near zero 

after the last posterior deviation. Appendix P has an example of a valid curve and an invalid curve. 

If more than one curve was valid, the curve with the greatest displacement was accepted as it was 

unlikely that a test would erroneously produce more laxity than was actually present. If no curves 

were acceptable, three more trials were performed and reassessed. 

After the computerized portion of the test, a manual maximal Lachman was performed by 

holding the patellar pad of the KT in place with one hand and placing the contralateral hand on the 

proximal calf muscle to maximally draw the leg anteriorly ( 156). The maximal anterior displacement 

was read off the KT's analog dial. The motion was repeated until there were two consistent 
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measurements. An active quadriceps test was then performed. The assessor held the K T s patellar 

pad in place while the patient was instructed to use actively his/her quadriceps muscles to raise the 

heel just off the foot plate (i.e., slightly extend the knee) ( 156). The anterior tibial displacement due 

to the active quadriceps test was read off the KT's analog dial. The test was repeated until two 

consistent measures were obtained. Both the manual maximal value and the active quadriceps test 

value were entered into the KATIE software. The same complete KT assessment was repeated 

on the surgical knee. A final data page was generated by the KATIE software that included the 

force-displacement curves for both knees superimposed on the same graph, the anterior 

displacements at 135 N and 90 N for each knee and the manual maximal Lachman and active 

quadriceps test results for each knee. The report also automatically computed the side-to-side 

difference (surgical - nonsurgical knee) for the 90 N , 135 N , manual maximum and active 

quadriceps tests. The side-to-side difference at 13 5 N was used as the outcome measure for this 

study variable as that was the most commonly reported (in the scientific literature) and consistent 

(more so than a manual maximum) force level. 

3.2.10.3 Video Analysis of Knee Range of Motion During Gait 

Pilot studies (see Section 3.1.3) demonstrated that the use of electrogoniometers attached 

to a neoprene sleeve worn on the knee were a reliable but not valid way to determine knee joint 

angle during walking. The results of the reliability and validity assessment that led to that decision 

are included in Appendix Q. Therefore, instead, it was proposed to use digitized 2D sagittal plane 

video to measure knee joint angle. Video digitizing has been shown to have excellent within day 
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and between day reliability. Kadaba et al. found that the coefficient of multiple correlation was 

0.991±0.005 (x ± SD) for within day measures and 0.987 ± 0.012 for between day measures 

(157). 

3.2.10.3.1 Video Set-up 

Video analysis of knee range of motion during gait was performed following the other range 

of motion and knee laxity assessments. A digital video camera (Sony® Digital Handycam model 

DCR-VX1000) was set 8.8 m perpendicular to the plane of motion. The camera recorded at 30 

Hz with a shutter speed of 1.4 ms. The camera was levelled fore/aft and side/side before each 

testing session. The lateral borders of the field of view were marked with tape behind the plane of 

motion so that the assessor could determine in real time if the patient was performing appropriately 

within the field of view. A video monitor provided a real time view of video data during collection. 

Patients removed their shoes and socks, and gait trials were performed bare-footed to 

ensure consistency of foot-floor interface and to ensure that the footwear did not have an effect on 

the gait pattern. Joint markers were 3 cm in diameter with black and white alternating quadrants. 

Approximate joint centers were palpated, and the joint markers were placed over the greater 

trochanter (hip), lateral femoral condyle (knee) and lateral malleolus (ankle) (157). Two sided tape 

was used to adhere the joint markers to the patient's skin (Appendix R). 

3.2.10.3.2 Recording Procedure 

The left limb trials were performed first, followed by the right. Patients practiced walking 
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in the plane of motion three to four times until they were able to walk naturally while having an 

appropriate heel strike location such that maximal knee extension and knee flexion occurred within 

the field of view. Patients were instructed to hold the hand of the side being videoed across their 

stomach and to walk at a comfortable, self-selected pace (157)- "as if you were walking across 

your kitchen at home." Once patients were comfortable with the task, three walking trials were 

recorded for the left leg and then three trials for the right leg. Trial markers were placed within the 

field of view and behind the plane of motion to denote which leg was being assessed, the patient 

number and the assessment period (pre-op, 6 weeks post-op or 12 weeks post-op). If patients 

did not step appropriately through the field of view (i.e., heel strike too soon or too late) or if the 

patient's gait was unnatural (patient stumbled or walked hesitantly as if unsure of foot placement), 

another trial was recorded to record three successful trials. 

3.2.10.3.3 Digitization 

Video data were transferred from the digital video tape to a multimedia computer retaining 

full digital quality and aspect ratio (352 x 240 pixels). The video files were edited in Adobe® 

Premiere® 5.0 (Adobe Systems Inc., San Jose, CA) to cut extraneous video. Edited video files 

were exported as Audio-Video Interleaved (.avi) files at twice the original size (704 x 480 pixels) 

to make digitization easier. 

Video files were imported into HU-M-AN® software (HMA Technology Inc., Toronto, 

ON) for digitizing. A three point lower extremity system was used (hip, knee, ankle) to determine 

the included knee angle. The patient's stride was digitized starting three frames before heel strike 
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and continued until well after maximal flexion during swing phase. 

Optimal smoothing frequency was determined with a random sample of patient data. 

Twelve gait trials (3 right, and 3 left from each of the pre-operative and 12 week post-operative 

assessments) were reviewed from 8 patients. The HU-M-AN® software can automatically chose 

a smoothing frequency based on a residual analysis. The software also plots a residual histogram 

that the investigator can assess to choose the smoothing frequency manually. The automatic and 

manually chosen smoothing frequencies were recorded for each trial. The means of the 

automatically and manually chosen smoothing frequencies were both 5 Hz (rounded to nearest Hz). 

Therefore, 5 Hz was chosen as the smoothing frequency for all data. 

The smoothed data were plotted as a range of motion vs. frame number graph in H U - M -

AN®. The software allowed for the exact determination of the maximal extension and flexion 

values for each trial from these graphs. These values were manually recorded and entered into a 

MS Excel™ spreadsheet. The mean of the three trial values for each limb were calculated for both 

extension and flexion. These values were used as the respective outcome measures. 

3.2.10.4 Strength Assessment 

The majority of previous studies related to A C L reconstruction rehabilitation have relied 

on isokinetic evaluation of thigh strength (4,10,144). At velocities of 150 to 210 7s, isokinetic 

testing has been reported to have intraclass correlation coefficients of 0.86 to 0.91 for extension 

and 0.86 for flexion with coefficients of variation in the 5.2 to 6.5 range (158). 
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3.2.10.4.1 Initial Screening and Set-Up 

Following the video recording of the patients' gait, the patients were taken to the Cybex® 

NORM™ isokinetic dynamometer for the assessment of quadriceps and hamstrings strength. 

Patients were first screened for any known cardiovascular concerns (pathological heart condition, 

current hypertension or pharmacologically controlled hypertension) or current knee symptoms that 

may be exacerbated by maximal strength testing. A l l patients were instructed not to hold their 

breath (i.e., perform a Valsalva manoeuver) during the testing procedure. 

The patient was seated in the Cybex® chair and strapped in with both shoulder and waist 

belts. The seat depth was adjusted so that the patient's thighs were fully supported and 2-4 cm of 

space was present between the front edge of the chair and the patient's popliteal fossa. The 

Cybex® NORM™ system was adjusted to the following specifications (Table 1): 

Table 1: Cybex® NORM™ system set-up.  

Attribute Position 

Chair rotation 40° 

Chair fore/aft position 15 (variable to fit patient) 

Chair back rest angle 85° from horizontal 

Chair monorail position 37 

Dynamometer rotation 40° 

Dynamometer height 8 

Dynamometer tilt 0° 
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The constraint pad for the contralateral leg was used to control swinging. The thigh of the lower 

extremity to be tested was constrained distally by a thick strap. The patient's knee was then 

aligned with the center of rotation of the dynamometer (the head of the fibula was used as a 

landmark for the antero-posterior alignment). The Johnson antishear device was used for all 

assessments to reduce the anterior shear force imparted to the knee joint due to the motion ( 159). 

The distal pad of the Johnson antishear device was placed so that the bottom of the pad was at the 

superior border of the malleoli. The proximal pad was adjusted so that the top of the pad was in 

line with the distal portion of the tibial tubercule ( 159). The distal and proximal pads were secured 

as tight as comfortable to the tibia with the attached velcro straps. The patient was asked to extend 

and flex the knee several times to ensure proper alignment with the dynamometer. If the pads of 

the Johnson antishear device moved proximally or distally during motion, the fore-aft position of the 

chair was adjusted to prevent that motion. Some patients also required slight adjustments to the 

rotation of the chair relative to the dynamometer head to allow for a uniplanar extension/flexion 

motion (Appendix S). 

Once positioned, the patient's name and weight were entered into the Cybex® computer, 

and the knee extension/flexion protocol was selected. The knee to be tested was identified, and 

the injured/noninjured status was chosen. The patient's range of motion limits were determined. 

The knee was passively extended until the patient noted stretching discomfort in the 

popliteal/posterior thigh region. That was noted as anatomical 0 ° (full passive knee extension). 

The knee was flexed to 20 ° and set as the maximal allowable extension. The 20 ° extension block 

was set in place to avoid the arc of motion that would be the most stressful to the graft during the 
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12 week post-operative assessment. For consistency, this 20 0 extension block was used for both 

the pre-operative and 12 week post-operative assessments. Once the extension limit was set, the 

patient actively flexed the knee as far as was comfortable. That position was set as the flexion 

range of motion limit. The Cybex® system's electronic range of motion stops were set to the 

determined limits. The mechanical stops were set one notch beyond those limits and served as a 

back-up to the electronic stops. The leg was moved to 45 ° of relative flexion where the Cybex® 

system weighed the leg for the gravity correction. 

3.2.10.4.2 Testing Protocol 

The patient was set-up to test the nonsurgical leg first to allow the patient to accommodate 

to the test without worry of injuring the affected knee. The patients were instructed that there 

would be two sets of exercise per leg. The first set would include four repetitions as a warm-up, 

and the second set would include five repetitions for the actual test. Strength was measured as the 

peak torque produced in concentric knee extension (quadriceps strength) and concentric knee 

flexion (hamstrings strength) at a rotational velocity of 180 7s. Wilk and Andrews have shown that 

anterior tibial translation can be reduced in knee extension exercise with the use of rotational 

velocities of 180 7s or more and a 20 0 extension block ( 14). During the first (warm-up) set, the 

patient was to provide approximately 50% effort for repetition one, 75% effort for repetition two, 

85% effort for repetition three and 95-100% effort for repetition four. This ramp protocol allowed 

the patient to become accustomed to the isokinetic test and prepare for maximal exercise. After 

10 s rest, the patient then performed five maximal repetitions of isokinetic concentric/concentric 
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knee extension and flexion. The maximal torque produced over all of the nine repetitions (although 

it usually occurred during the latter five) for both extension and flexion (not necessarily from the 

same repetition) were taken as the patient's best performance. Once the two sets were 

completed, the patient was rotated in the Cybex® chair and adjusted to test the surgical leg in the 

same manner. Before testing the surgical leg, patients were told that they may feel some slight 

discomfort. If so, they were to work as hard as they could within their comfort. If the discomfort 

was to exceed a comfortable level, they were to reduce their effort level so that their symptoms 

were within a comfortable range. The patients were told they should not have any sharp pain, but 

if they did they should immediately terminate the test and inform the assessor. Once both legs were 

tested, the patient was removed from the Cybex® machine, and the test report was printed. The 

maximal torque for the quadriceps (extension) and hamstrings (flexion) muscle groups of each leg 

as well as the hamstrings to quadriceps ratio for each leg were extracted from the report and noted 

on the data collection sheet. 

3.2.10.5 A C L Quality of Life Questionnaire 

Following the Cybex® strength assessment, patients were asked to complete the 

computerized version of the ACL-QOL questionnaire ( 160). A limited number of patients were 

required to complete the paper version of the questionnaire (Appendix T) due to computer 

malfunctions or unavailability. A previous study has shown the paper and computer versions to be 

identical ( 160). Patients who had completed the ACL-QOL questionnaire within the three months 

prior to the study pre-operative assessment were not required to complete it again. The 
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investigators felt that barring any traumatic event, the ACL-QOL score was unlikely to change over 

a three month period. A l l patients who reported completing the A C L - Q O L within the three 

previous months were asked if there had been any substantial aggravation of their condition in that 

time and if they felt their score would have changed over that period of time. If any patient 

responded positively to either of these questions, they were asked to recomplete the ACL-QOL. 

The ACL-QOL was used to determine if there were any clinically relevant differences in condition-

specific quality of life at baseline. As patient quality of life was not expected to have plateaued by 

three months following surgery, this tool was not used to evaluate differences between the research 

groups at the three month end-point. This outcome was planned to be used at one and two years 

post-surgery to determine disease specific quality of life for long term follow-up. That was not part 

of the current dissertation. 

3.3 Cost Effectiveness Analysis 

The three techniques for economic analysis (cost-benefit, cost-utility and cost-effectiveness 

analyses) were introduced in Section 2.9.2. The secondary purpose of this study (Section 1.2) was 

to determine whether or not there was a cost difference between the Physiotherapy rehabilitation 

program and the Home rehabilitation program (cost analysis). Combining the primary and 

secondary purposes of the study allowed for a full economic analysis, compared the effectiveness 

of two rehabilitation programs for the same condition—the first three months following A C L 

reconstruction. This study therefore involved a question of technical efficiency requiring either a 

cost-effectiveness or cost-utility analysis ( 134). A cost-effectiveness analysis (CEA) was chosen 
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over a cost-utility analysis (CUA) for a number of reasons. The main reason for using a CEA 

framework was the fact that utility was difficult to measure for interventions that reduced or 

modified short-term disability (as would be the case in the first three months of A C L post-surgery 

rehabilitation) because the short-term disability constituted such a small proportion of the patients' 

life ( 133). As well, utilities may be unresponsive to clinically important changes compared to other 

outcome measures (133). Quality of life measures and quality adjusted life years would be better 

suited for long-term follow-up. 

The cost-effectiveness analysis was performed along-side a randomized clinical trial (RCT), 

therefore the effectiveness data were directly acquired from the RCT. The process of performing 

a cost effectiveness analysis required three main steps: 1 ) identification of the costs associated with 

the treatment programs being studied, 2) measurement of those costs, and 3) valuation of those 

costs in a constant outcome measure ( 134). Within the determination of technical efficiency for the 

current study, there were a number of possible viewpoints that were used to evaluate cost 

effectiveness. Those viewpoints included: 1 ) health region, 2) individual patient, 3) insurance 

companies, 4) industry, and 5) any other individuals associated with the patient that may have 

incurred an opportunity cost to assist the patient with rehabilitation. A societal viewpoint could also 

take all of the above viewpoints into account. A l l of the above viewpoints were explored, with 

emphasis placed on the viewpoints of the patient, the health region, industry and society as a whole. 

3.3.1 Identification of Relevant Costs 

The identification of the relevant costs in the economic evaluation started by listing all items 
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of resource use and aspects of well-being affected by the treatment program under evaluation 

(134). There were five principles relating to the identification of these relevant costs: 1 ) an 

awareness of the question being asked, 2) keeping the principle of opportunity cost in mind while 

identifying those costs. 3) how the concept of opportunity cost interplayed with the categorization 

of costs, 4) the width and breadth of the economic analysis, and 5) the avoidance of double 

counting (134). 

The current study evaluated the technical efficiency of two A C L post-operative 

rehabilitation programs. As such, the question being asked was, within the given (Calgary) health 

region physiotherapy budget, what was the most efficient way to provide rehabilitation services to 

the particular patient population? By identifying the various viewpoints from which that question 

could be asked, it was important to determine not only what potential costs were incurred by each 

of the viewpoint stakeholders, but more importantly, was there an opportunity cost associated with 

those expenses. 

While the relevance of monetary costs was not difficult to ascertain, the opportunity cost 

of intangible costs such as travel time and time off work required more thought. The concept of 

opportunity cost directed the allocation of all the collected economic information to the respective 

viewpoint. Categories such as time lost from work, travel expenses, equipment purchase/rental, 

additional child care and housekeeping costs assisted with identifying the range of costs incurred 

and assignment of these costs to the various viewpoints under evaluation. 

Performing the economic evaluation alongside a randomized clinical trial (RCT) allowed 

a clear delineation of the relevant costs to be included. The RCT was designed to compare 
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differences between the two study rehabilitation programs. Therefore, the economic analysis 

needed only concern itself with the costs and benefits that were possibly affected by the differences 

in those two programs (161). In the current study, all costs prior to the end of the first post

operative week could be excluded. Those costs should have been equal for both groups. A l l 

patients would have been exposed to or incurred the same costs in this period as the difference 

between the two rehabilitation programs did not take effect until one week after surgery. The 

relevant costs in the period prior to 1 week following surgery included the cost of hotel (for patients 

living out of town and needing to be at the hospital by 6:30 a.m.) and/or travel to the hospital for 

the index surgery, the cost of medications dispensed by the hospital pharmacy and the cost of the 

surgery (including surgeon, assistant, anaesthesiologist fees, surgical consumables, and operating 

theatre time and hospital ward costs). Likewise, other variables not affected by differences in the 

rehabilitation program, even during the study period, could also be excluded. Examples of those 

costs include regular child care costs, costs of transportation back and forth to work (unless 

affected by the rehabilitation) and costs of other health care services not related to the surgery or 

rehabilitation (e.g., massage therapy for a previous shoulder condition). The time line for the 

economic evaluation was also taken from the RCT. As the effectiveness data were based on the 

three month outcome, the time line for the cost data matches that end point (161, 162). 

Finally, care was taken in the development of the economic evaluation questionnaire and 

again in the valuation of the opportunity costs to ensure that double counting of costs and benefits 

did not occur. For example, in some cases patients may have attended the Sport Medicine Centre 

for both a physiotherapy and surgeon appointment in the same day. In that case, travel time and 
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travel cost were only counted once. The questionnaire was designed such that any costs that may 

have been split between different viewpoints could be identified and the appropriate portion allotted 

accordingly (e.g., the cost of prescription medication was usually split between the patient and the 

insurance company if the patient had extended health care coverage). 

3.3.1.1 Economic Evaluation Questionnaire Development 

There were two cost questionnaires used in this study. The short form (Appendix U) was 

used with the first 90 patients while the full questionnaire (Appendix V) was used with the last 60 

patients. Patient report was the main source of patient-level economic data for all of the viewpoints 

of interest except for Alberta Health Care data. Patient report of surgeon and physiotherapy 

appointments served as a check to compare to usage data extracted from the orthopaedic and 

physiotherapy charts and the attendance sheets returned from physiotherapists at clinics other than 

the Sport Medicine Centre. 

The initial study (in which the short form was used) did not include an in depth economic 

analysis. The short form was initially developed to capture information on some of the more 

obvious categories of resource use to compare descriptively the costs of the two study groups. 

Midway through recruitment it was decided that a more complete economic evaluation should be 

undertaken. For that purpose, a more in depth and comprehensive data collection instrument was 

required. That was the basis for developing the long form. The development of the long form is 

described below. 

The questions on the short form were developed by the researcher by identifying obvious 
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facets of the patients' lives affected by the required rehabilitation in which a cost could be attached. 

By thinking of how the patients' lives would change due to the rehabilitation, anywhere that costs 

were or could be associated with those changes were identified. The categories of costs incurred 

by those changes were: 1 ) patient paid cost of medications, 2) direct cost of transportation and 

parking for both surgeon and physiotherapist appointments, 3 ) cost of renting/buying crutches and 

a Zimmer® knee immobilizer splint, 4) number of full days taken off work due to the surgery, 5) 

number of hours taken off work due to symptoms or surgery related appointments (not including 

full days off already accounted), 6) number of days taken off work without income (e.g., without 

paid sick leave, employment insurance, or short-term disability), and 7) estimation of all other 

lumped costs associated with the rehabilitation that had not already been specifically addressed. 

The questionnaire focussed on costs from the patient and industry viewpoints. The cost of 

medication and other miscellaneous cost questions were written as fixed response questions (i.e., 

choose one of the provided responses). A l l other questions were open ended allowing the patient 

to provide an exact number of trips, days/hours off or an exact cost. The relevant economic 

questions were numbers 6-14 of the short form (Appendix U). 

The short form was taken as the basis for the development of the more specific full 

questionnaire. The first stage of questionnaire expansion involved revisiting in detail all of the 

changes in the patients' day to day activities and what costs or resource utilization would be 

incurred due to those changes. That brainstorming activity (resource use identification) was 

supported by suggestions from the literature (122,139). The analysis was expanded to include 

other viewpoints including employers, insurance companies and other individuals that may have 
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played a role in rehabilitation related costs. Cost information for the health region was collected 

separate from the questionnaire (Section 3.3.1.2 and 3.3.3). Questions were developed within the 

following subsections: 1) health care insurance, 2) medications, 3) transportation and time 

commitment, 4) use of other health care services, 5) rehabilitation equipment used/purchased, 6) 

additional child/dependent care, 7) employment, and 8) out of pocket expenses. The first draft of 

the full length form contained 53 questions. That questionnaire was piloted with 3 Sport Medicine 

Centre research assistants, a graduate student specializing in economic analysis, and 9 post-ACL 

reconstruction patients who were not in the index study. Those 9 post-ACL reconstruction patients 

were approached by the researcher in the Sport Medicine Centre waiting room while they attended 

post-operative appointments with their surgeon. They were provided with stamped and addressed 

envelopes for the return of the questionnaires. A l l 13 people were asked to comment on the ease 

of readability, ease of understanding (i.e., clarity of the questions) and flow. The 9 post-ACL 

reconstruction patients were asked to complete the survey as accurately as possible about their 

own rehabilitation and to note any expenses or other important economic issues they incurred or 

experienced that were not specifically stated on the pilot questionnaire. The comments from these 

13 people were reviewed and used to produce the final version of the full form which had 57 

questions (Appendix V). 

3.3.1.2 Identification of Alberta Health Care Costs 

The main costs incurred by the health care system (i.e., local health region and Alberta 

Health Care) included the fee for service paid to the surgeon for post-operative surgical check-ups 
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and the fee paid to physiotherapy clinics on a per treatment session basis for post-operative 

physiotherapy. In some cases, costs may also have been incurred due to patients having to undergo 

subsequent surgical operations or procedures or having to consult with another medical specialist 

for a condition related to their surgery or rehabilitation (e.g., a plastic surgeon for the assessment 

of an incision that was infected or slow to heal). Within a certain limit, visits to a chiropractor were 

also partially covered by Alberta Health Care. The amount of Alberta Health Care reimbursement 

for chiropractic care was acquired from the University Health Services clinic. 

3.3.2 Measurement of Relevant Costs 

A l l patients were provided one of the two economic questionnaires during the pre-operative 

education session. The first 90 patients received the short form with the remaining patients receiving 

the full form. During the pre-operative education session the purpose and importance of the 

questionnaire were explained as was the method of completion. Patients were encouraged to 

complete relevant portions of the questionnaire throughout the three month study period to help 

reduce the effects of recall bias (in the case they attempted to complete the whole questionnaire at 

the end of the three month period). Patients returned the questionnaire at their 12 week assessment 

(study end point). Alberta Health Care costs (for orthopaedic surgeon services) were acquired 

from the fee schedule (Alberta Health Care Insurance Plan - Schedule of Medical Benefits, 

Procedure and Price List, April, 2002). The type and frequency (attendance) of billing was 

acquired from the patients' orthopaedic and physiotherapy charts. The physiotherapy attendance 

sheet (physiotherapy supervised group) was used to support the physiotherapy chart recòrd. 



95 

Resource use was recorded in the natural units on the questionnaire. When money was 

transferred, the unit of measure was dollars. In some cases, a mixture of dollars and percent 

reimbursement was reported (e.g., insurance deductible for medications). The percent 

reimbursement could then be used to split appropriately the total cost (in dollars) between the 

relevant viewpoints (e.g., patient and insurance). Time spent travelling, waiting, or off work was 

measured in either minutes, hours, or days. Distance travelled was measured in kilometres. 

3.3.3 Valuation of Costs 

The primary benefit of performing the economic analysis alongside the RCT and using a 

patient specific economic evaluation data collection form was that individual patient costs could be 

collected. That removed the need for the extensive use of generalized costing with group averages 

or estimated values. Whenever possible, the actual monetary value reportedly paid for a good or 

service was accepted as the opportunity cost. When intangible opportunity costs were reported, 

the fair market values were used to convert the intangible commodity to a dollar amount (e.g., per 

kilometre travel allowance, market cost of replacement housekeeping, and average wages) ( 134, 

161). 

To calculate all of the cost data collected from the economic evaluation questionnaire and 

the chart reviews, certain assumptions were made. The assumptions that follow address the need 

for standardization of imputed values for non-market items (161). 
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Cost of Travel and Appointment Time: 

1. Distance driven was costed at the university rate of $0.30/km - that rate covered gas, 

maintenance and depreciation. 

2. Distance and time were recorded on the questionnaire for one, one-way trip. Therefore 

that value was doubled for a return trip and multiplied by the number of trips made. 

3. If someone else drove the patient to the appointment then: 

a. travel time for the other person was costed in addition to the patient's travel time 

b. assume the other person waited during an appointment with the surgeon and if the 

travel time was more than 20 min each way, for physiotherapy appointments 

c. the other driver was a female if the patient was male or was a minor (assume the 

other person was a wife/significant other/mother) 

d. the other driver was a male if the patient was an adult female (assume the other 

person was a husband/significant other/father) 

e. assume the other driver lived in the same location as the patient - either in Calgary 

or outside Calgary 

f. the other driver was assumed to have taken time off work (with pay) to do the 

driving, therefore travel and waiting time (if applicable) were costed as time lost 

from paid work (lost productivity). This time was costed to the employer at the 

respective mean wages for males and females living in Calgary or outside of 

Calgary (see "Opportunity Cost of Lost Time") 
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The MediFile™ appointment scheduling software at the Sport Medicine Centre was 

checked to determine if patients attended both a surgeon and physiotherapist visit at the 

same time. If so, to avoid double counting, the costs of travel and parking were reduced 

accordingly from the physiotherapy travel cost. That was not a problem for those patients 

who did not attend the Sport Medicine Centre for their physiotherapy. When reducing the 

amount of travel and parking, it was assumed that the first appointment would likely be 

concurrent and would likely have used another driver. Therefore, if there was one 

concurrent session and the patient noted that another driver was used for at least one trip, 

that was the first amount deducted. After this point, further concurrent sessions were 

reduced by altematingly reducing travel by personal vehicle (i.e., patient drove) and travel 

with another driver. 

A l l physiotherapy charts (for patients who attended the Sport Medicine Centre) and all 

orthopaedic charts were reviewed to determine the actual number of sessions that the 

patients attended. When there was a discrepancy between the chart and MediFile™, the 

chart was taken as correct. 

If there was a discrepancy between the chart and the economic evaluation questionnaire 

with respect to the number of sessions attended, the number of trips that the patient drove 

themselves was reduced so that the total number of sessions matched the chart attendance 

record. The patient was more likely to miscount the later sessions which they would have 

likely driven themselves (as opposed to having another person drive them). 
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7. If the patient did not record the average length of the physiotherapy appointments it was 

assumed that the session lasted one hour. 

Opportunity Cost of Lost Time: 

1. Annual income data was retrieved from Statistics Canada's Income Trends in Canada CD-

R O M for 1980-1999 

a. Male living in Calgary: $48,936.00 per annum 

b. Female living in Calgary: $34,544.00 per annum 

c. Male living outside Calgary: $45,882.00 per annum 

d. Female living outside Calgary: $30,485.00 per annum 

2. Assume a salaried worker with an 8 hour work day, 52 weeks per year (salary equally 

distributed over the year). Therefore, given the above annual incomes, lost time from work 

was costed at the following rates (limitation: this may not be accurate for hourly workers 

who are not paid for holidays): 

a. Male living in Calgary: $23.53/hr 

b. Female living in Calgary: $16.61/hr 

c. Male living outside Calgary: $22.06/hr 

d. Female living outside Calgary: $14.66/hr 

3. Hours taken off work for appointments or symptoms were tracked and costed as lost 

productivity to the employer (industry viewpoint). 
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If the patient was off work with pay, there was no opportunity cost to the patient for the 

time he/she spent travelling to and attending physiotherapy or surgical appointments. That 

time would not have been available to the patient if he/she had not had surgery. Therefore, 

the "free time" he/she had while he/she was off with pay was a benefit in itself. The patient 

was not losing leisure time to attend appointments because he/she normally would not have 

had that leisure time available (because he/she would have been at work). If that time was 

costed as leisure, that would have been double counting (as the lost time was already 

costed as lost productivity to the employer) and more benefit would have been applied to 

the situation than would normally have been present (lost productivity+leisure time). Time 

cannot be both lost work time and lost leisure time - it must be one or the other. 

If patients were off work with unpaid leave, it was assumed that the employer made up the 

lost productivity by hiring a replacement worker. Therefore, there was no opportunity cost 

to the employer. The opportunity cost lay solely with the patients because they were losing 

income due to the restrictions placed on them by the surgery and the ensuing rehabilitation. 

Therefore the days and/or hours lost were costed to the patient at the average respective 

wage. The economic evaluation questionnaire specifically asked how many days the 

patient was off without any income at all. It was assumed that patients included social 

security or employment insurance payments as income and did not report days they were 

receiving income support as days without any income. 

Some patients were able to have some days off work with pay before having to take time 

off without pay. The situation was a combination of points 4 and 5 above. Here, the 
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number of days off with income was separated from the number of days off without 

income. Thus, the opportunity cost of lost work was divided between the employer (days 

patient was off with pay) and the patient (days patient was off without income). 

Alternately, if the patient had partial income support (short term disability or employment 

insurance) the cost to the patient was reduced by the amount of the income support. 

Patients who worked had less of a time cost to attend health care than those patients who 

were not working because they continued to be paid even when taking time off work to 

attend the health care service. 

Patients who would not have been working even if they did not have surgery: 

a. From an opportunity cost perspective, the reason (by choice or by inability to find 

work) they were not working was irrelevant. 

b. There was an opportunity cost to the non-working patient regardless the reason -

albeit for different reasons. 

c. Either they lost the ability to pursue the leisure pursuits that they normally would 

have been doing during the lost time or they lost the time that could have been used 

to look for gainful employment. 

For patients who were not missing work (i.e., those patients who chose not to work or 

who were unemployed), there were no data to say exactly how they would have been using 

their time—leisure or looking for work. Therefore, all unaccounted time off was costed 

at 60% of the mean wage (163). 
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Lost housework time was valued at the cost of hiring an external person to do the 

housework required. The actual number of hours of housework missed was not collected, 

only the number of days the patient was not able to perform the usual housework. Patients 

who reported the loss of ability to do housework were assumed to miss one hour of 

housework per day. The cost of replacement housework was between $8-$12/hr. 

Housework was costed at $8/hr (or $8/day lost at 1 hour per lost day). 

In general, it was assumed there was no opportunity cost of lost work time to the patient 

i f the patient had no wage loss. 

Therefore: 

a. Patients with no loss of income had the lost time valued to the employer (industry) 

as lost productivity at the full mean wage. There was no opportunity cost to the 

patient. 

b. Patients with loss of income had the lost time valued to the patient at the full mean 

wage. The employer was assumed to have replaced the worker, and therefore 

incurred negligible loss (the time and opportunity cost to the employer to hire and 

train the replacement is assumed to be negligible). 

c. Patients who were not working had the opportunity cost of time valued as 60% of 

the average wage, which covered leisure time and time to find work (if applicable). 
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Out of Pocket Expenses: 

1. Expenses incurred before or surrounding the surgical date were not included (e.g., hotel, 

parking, and meals when in town for the surgery) because they are extraneous to the time 

line for group comparison. 

2. Gas for travel to and from appointments with the surgeon and physiotherapist was included 

under travel so it was not included under out of pocket expenses. 

Costs to the health care system ("Calgary Health Region and Alberta Health Care): 

1. Surgeon follow-up appointment: $21.31 per visit 

2. Manipulation under anaesthesia (MUA)/cyclops resection (surgical procedure): $286.11 

3. Consult with plastic surgeon: $60.83 

4. Extension cast application (nonsurgical procedure) : $ 18.91 

5. Physiotherapy: $25 per session, the first session was double ($50) for the assessment 

6. Chiropractor services: $12.66 per visit up to $200 per year. 

Drugs: 

1. Tylenol #3 : $8.61 for 40 tablets (generic drug) 

2. Toradol: $13.22 for 15 tablets (generic drug) 

Chinese Herbalist: 

$45-$50 per session, may be up to $75 dollars - costed at $50 per session 
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Home Exercise Equipment: 

1. Home Gym, Canadian Tire: $450.00 

2. Stationary Bikes, Canadian Tire: $150.00 - $300.00, costed at $200.00 

3. Ankle Weights, Canadian Tire: $10.00 - $14.00, costed at $14.00 

4. Mountain Bike, Canadian Tire: $250.00 - $450.00, costed at $325.00 

5. Mini Trampoline, Canadian Tire: $33.00 

6. Wind Trainer for bike costed at $189.00 (general public user = low end model) 

a. Cyclepath: $ 170.00 - $450.00 

b. Bike Shop: $189.00 

c. Bow Cycle: $269.99 - $329.99 

7. Cross Trainer, Go Mango: $795.00 - $1195.00 (low end), costed at $800.00 

8. Exercise Ball, Fitter: Togu 65 cm ball with 869 N burst resistance, $44.00 

9. Wobble board (40.6 cm), Fitter: $70.00. This cost was billed to all home-based patients 

as it was a protocol driven cost. Some patients in the physiotherapy-supervised group also 

purchased a wobble board for home use - this cost was included. 

A l l data from the economic evaluation questionnaires were entered into a Microsoft® 

Excel™ spreadsheet. Costs were assigned to each viewpoint as appropriate. The above 

assumptions were used as required to calculate dollar costs from non-market items. Once all the 

data were entered and costed, the costs for each viewpoint were totalled at the individual patient 

level. The following were the included costs for each viewpoint: 
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Patient: 

1. Patient paid cost of medications 

2. Cost of travel and parking for appointments with the surgeon 

3. Cost of travel and parking for appointments with the physiotherapist 

4. Cost of lost ability to do housework 

5. Lost income if the patient was off work without income 

6. Cost of patient paid use of other health care services 

7. Patient paid cost of rehabilitation equipment purchased (including crutches and Zimmer® 

splint i f appropriate) 

8. Cost of additional child/dependent care i f applicable 

9. Patient paid out of pocket expenses 

Other Person: 

1. Out of pocket expenses for another person assisting the patient 

Insurance Companies: 

1. Portion of the cost of medications paid by extended health care insurance 

2. Portion of the cost of rehabilitation equipment (including crutches and/or Zimmer® splint 

if applicable) paid by extended health care insurance 
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Health Care System: 

1. Fee for service paid to the patient's surgeon (or other physician if applicable) for follow-up 

appointments and subsequent related procedures (if applicable) 

2. Per session fee paid to physiotherapy clinics for physiotherapy 

3. Cost of other health care services covered by the Health Region or Alberta Health Care 

(e.g., portion of chiropractic treatment) 

Industry: 

1. Cost of lost productivity due to the patient being off work with pay. 

2. Cost of lost productivity due to another person being off work with pay to drive the patient 

to appointments with either the surgeon or physiotherapist. 

A l l of these viewpoints were also combined to achieve a total cost to society for each 

patient. However, as stated in assumption five under "Opportunity Cost of Lost Time," it was 

assumed that employers would replace workers who were off without pay. Therefore, there was 

no opportunity cost to society due to the patient's lost wages because another (previously 

unemployed) worker was hired and started earning income. It was also assumed that the employer 

was able to prepare for the loss of the patient and was able to hire a new employee quickly, 

incurring negligible loss in productivity during the change-over. Therefore, the cost of the patients' 

lost wages was not included in the society viewpoint. 
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3.4 Non-Economic Questions on the Economic Evaluation Questionnaire 

Not all questions included in the economic evaluation questionnaire were used in the cost-

effectiveness analysis (CEA). Questions 1 -3 related to the use of walking aids and the Zimmer® 

splint. Questions 4-6 evaluated patient satisfaction with the educational materials provided. 

Questions 7-9 identified possible cost variables that may be partially or completely covered by 

extended health care insurance as opposed to the patient. The patient's time for travel, waiting, and 

consult with the surgeon or physiotherapist was collected but was not used in the final calculations 

unless the patient was giving up leisure time. As stated in the assumptions above, these costs were 

accounted in the lost time from work (i.e., lost productivity or lost income). Had it not been for the 

surgery and ensuing rehabilitation, if the patient would have normally been at work then the time 

taken to travel to and attend appointments had no opportunity cost because the patients were not 

missing time that they would have had if they were at work (refer to assumption 4 of Opportunity 

Cost of Lost Time). Question 19 related to the ability to drive and was not considered to be an 

economic issue. Questions 23 and 28 related to the previous purchase of crutches or a knee 

immobilizer. As these costs were incurred before the index surgery (and were bought for another 

reason), they did not represent an opportunity cost for this analysis. Questions 31 and 32 related 

to the purchase of a functional knee brace for return to stability challenging activities. That brace 

was unnecessary within the first three months after A C L reconstruction as the patients were not 

involved in activities requiring such a brace. Therefore, that cost was not included. Similar to 

questions 23 and 28, the previous purchase of home exercise equipment and previous membership 

at a fitness club did not represent an opportunity cost in the context of the current CEA. Questions 
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48 and 49 provided information regarding the type of work the patient was involved in before 

surgery. That information helped explain the amount of time lost from work but did not relate to 

any opportunity cost for the CEA. Finally, question 54 provided subjective, opened-ended 

outcome data for patient progress and was unrelated to the economic evaluation. 

3.5 Quality of Educational Materials Provided 

The usefulness, ease of understanding, and clarity of the main educational materials 

provided to the patients was assessed by questions 4-6 of the economic evaluation questionnaire. 

A five point categorical scale (poor, fair, good, very good, excellent) was used to rate the Pre-

Surgery Patient Handout (Appendix J), Exercise Rehabilitation Booklet (Appendix B), and 

Rehabilitation Log Book (Appendix F) on each of these three outcomes. 

3.6 Analysis 

3.6.1 Data Management 

A l l data acquired were entered into a Microsoft® Excel™ spreadsheet. Statistical analysis 

was performed using Intercooled Stata™ (V.6) statistical software (Stata Corp., College Station, 

TX). A l l data files were password protected. Data forms were kept in a filing cabinet in a locked 

office at the Sport Medicine Centre. 
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3.6.2 Independent Variable: Rehabilitation Program 

1 ) Traditional physiotherapy-supervised rehabilitation program (PT) 

2) Home-based rehabilitation program (H) 

3.6.3 Dependent Variables 

A survey of the orthopaedic surgeons and physiotherapists at the University of Calgary 

Sport Medicine Centre was performed to determine "acceptable" values for range of knee flexion 

and knee extension/hyperextension, computerized KT measurements, and quadriceps and 

hamstrings ratios at three months after A C L reconstruction surgery (164). From these data, 

acceptable and unacceptable limits for each outcome measure were determined. 

1 ) The primary outcome was knee range of motion as measured through standard passive 

goniometry ( 146,165). Acceptable range of motion was within 5 0 of the nonsurgical knee 

in both flexion and extension (164). 

2) Functional gait assessment using 2D sagittal plane digital video analysis. Acceptable range 

of motion was within 5° of the nonsurgical knee in both flexion and extension (164) 

3) Computerized KT ligament laxity assessment (difference between surgical knee and 

nonsurgical knee) (148,155,166,167). As per the Sport Medicine Centre survey, an 

acceptable outcome occurred with < 5 mm side-side difference with a 13 5 N force ( 164). 

4) Cybex™ isokinetic strength testing for quadriceps and hamstrings groups (surgical knee 

as a percentage of nonsurgical knee) (14,158,168). As per the Sport Medicine Centre 
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survey, acceptable values were > 50% for the quadriceps and > 75% for the hamstrings 

(164). 

5) Cost effectiveness of rehabilitation in the first three months after surgery. 

3.6.4 Reliability Assessment of Outcome Measures 

The reliability of the assessor was determined for the standard goniometry (passive 

extension and active-assisted flexion), sagittal plane knee laxity (KT arthrometer), and video 

digitizing outcomes. The decision to evaluate assessor reliability was made after approximately 

two-thirds of the recruitment had been completed. There were 49 assessments available for range 

of motion reliability assessment. Due to mechanical problems with the K T arthrometer, only 29 

assessments were available for laxity evaluation. As patients undergoing rehabilitation were 

constantly having changes in their status for both range of motion and laxity outcomes, inter-day 

reliability was not seen as a valid measure. Therefore, only intra-day reliability was assessed. 

For range of motion, the complete range of motion assessment was performed as described 

in Section 3.2.10.1 (i.e., nonsurgical extension, surgical extension, nonsurgical flexion, and surgical 

flexion) before going through the assessment a second time. The first set of data was used as 

outcome data for the main study. The second set of data was compared to the first to determine 

reliability. In a similar fashion, the computerized KT arthrometer measured the sagittal plane laxity 

of the nonsurgical knee and then the surgical knee. That process was repeated a second time for 

the reliability evaluation. 

The data were entered into a Microsoft® Excel™ spreadsheet and exported to Intercooled 
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Stata™ V6.0 (Stata Corp., College Station, TX). The difference between the 2 measures and the 

mean of the 2 measures for each assessment were calculated at the individual assessment level. 

Those data were then plotted (these plots may also be known as Bland & Altman plots ( 169)). 

Frequency tables were used for passive knee extension range of motion and active assisted knee 

flexion range of motion to ensure that data point replicates could be appreciated (i.e., replicates 

would be represented by a single point on the scatterplot). The data for both legs were combined 

for both extension and flexion ranges of motion (n=98). The side-side difference was calculated 

for the sagittal plane displacement data (n=29). 

For the 2D video digitizing reliability assessment, a list of 40 random subject-trial 

combinations (i.e., combination of one subject and one of 6 trials from the 12 week assessment) 

was produced by Stata™. Thirty trials were originally chosen for the reliability study. These 

subject-trials were re-digitized to determine the reliability of the digitization process. Six subject-

trials did not have a confirmed maximal flexion on the repeat digitization. Six additional trials from 

the randomization list were digitized to ensure there were 30 subject-trials for flexion reliability 

evaluation. As previously described, the difference between the repeat measures and the mean of 

the repeat measures were calculated (n=36 for extension, and n=30 for flexion). 

3.6.5 Descriptive Statistics 

Data from all assessment results were examined with descriptive statistics (mean, standard 

deviation, median, and interquartile range) and boxplots to assess for normal distribution. Mean 

range of motion (flexion and extension separately), ligament laxity values, strength ratios and A C L -
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QOL scores from the pre-operative assessments were descriptively assessed to determine if there 

were any clinically relevant differences pre-operatively between the rehabilitation groups. 

Demographic data were also used to compare the two groups pre-operatively. 

3.6.6 Cost Effectiveness Analysis 

The cost data for each of the CEA viewpoints (patient, other person assisting the patient, 

insurance company, health care system, industry and society as a whole) were summarized with 

descriptive statistics (mean, standard deviation, median, interquartile range, and full data range). 

As the majority of these data were skewed, median and interquartile range were important to 

include. Box plots were used to assess for normality and to determine the presence of outliers. 

The data for the patient, industry and society viewpoints demonstrated a limited number of outliers. 

Summary statistics for those variables with and without those outliers were calculated for 

comparison. There was a limited number of patients required to take time off work without income. 

Including that lost income as a cost in the patient viewpoint was the main cause of extreme positive 

skew. Therefore, the patient cost data were also summarized without the lost income included. 

To compare the costs between the two levels of the independent variable, the median of 

the home group was subtracted from the median of the physiotherapy group to determine a cost 

difference for each viewpoint. A positive difference signified that the home group incurred a lower 

cost, a negative difference signified that the physiotherapy group incurred a lower cost. That 

process was repeated using the median for each viewpoint. 

As the patient viewpoint contained the most cost variables, the differences of the median 
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costs were also calculated between the home group and physiotherapy group for each variable. 

3.6.7 Analytic/Inferential Statistics 

3.6.7.1 Primary Analyses 

Patient range of motion results were tabulated in a 2x2 table (rehabilitation group x 

acceptable/unacceptable) and a Fisher's Exact Test was used to determine the existence of 

differences. Significant differences were concluded ifp < 0.05. 

3.6.7.2 Secondary Analyses 

Fisher's Exact Tests were used in a similar manner on the R O M during gait, computerized 

KT measurements and quadriceps and hamstrings ratios. There was no adj ustment for multiplep 

values because the effectiveness of the treatment was determined only by the primary outcome 

variables. 

3.6.7.3 Intention to Treat Analyses 

An intention to treat analysis was performed for all of the clinical outcomes. Patients who 

declined participation post-randomization were treated as a worst case outcome (unacceptable for 

all outcomes). Patients who did not decline participation, but failed to attend any of the follow-up 

assessments (6 and 12 weeks) were also treated as worst case outcome. Patients who attended 

the 6 week assessment but did not return for the 12 week assessment were treated as last data 
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carried forward. Therefore, their 6 week data were treated as 12 week data and coded as 

acceptable or unacceptable as appropriate. 

3.6.8 Sample Size Determination 

Sample size was calculated based on the expected number of patients within each group 

(frequency) to achieve a satisfactory knee range of motion at the three month follow-up period. 

Data from a comparable study suggested that approximately 95% of clinic based patients should 

achieve an acceptable range of motion at three months post surgery ( 17). It has been estimated that 

a 20% difference in the number of patients attaining an acceptable range of motion would be 

clinically important. Fifty-nine subj ects per group were required to have a power of 80% and an 

alpha of 0.05. To account for an estimated 15% drop-out rate, the study required 70 patients per 

group. Thus the current study more than doubled the sample size of previous studies in the area. 

3.7 Ethical Considerations 

A l l subjects were fully informed as to the purposes of the study, the expectations of the 

patients, the expectations of the researchers, and read and signed an Informed Consent form 

(Appendix W) before taking part in the study. The study received approval from the University of 

Calgary Conjoint Health Research Ethics Board in December, 1998 (Appendix X). If at any time, 

patients had concern as to their health status, they were advised to contact their surgeon 

immediately for consultation. Patients were seen by their surgeon on the same schedule regardless 

of study participation. Patient confidentiality was maintained throughout the study. Each patient was 
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assigned a code number, and all data were entered into the computer by code number only. 

Previous studies ( 17,122,144,170) in other countries have shown the positive effects of 

home-based rehabilitation programs with no adverse side effects. For this reason, it was not 

expected that the patients randomized to the home-based rehabilitation were more at risk than 

those in the supervised group. 
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CHAPTER FOUR: RESULTS 

4.1 Intra-Tester Reliability of Outcome Measures 

Intra-tester reliability assessments were performed for the outcome measures of knee 

extension and flexion range of motion (goniometer), knee range of motion during gait (video 

digitizing) and ligament laxity (measured with the computerized KT2000 arthrometer). The 

difference between the repeat measures and the mean of the repeat measures for each outcome 

measure were used to produce frequency tables or scatter plots. These tables and plots 

demonstrated the range in test-retest differences across the range of mean scores. These tables 

and plots were assessed to determine whether or not there were trends in the amount of test-retest 

difference relative to the mean scores. 

The maximal test-retest difference was ±2 ° for knee extension range of motion. Ninety 

percent of test-retest differences were within ± 1 0 and there were no apparent trends across the 

range of mean knee extension (-11 to 9°) (Table 2). 

Table 2: Frequency table of test-retest difference vs. test-retest mean knee extension. 
Diff Extension Mean (°) 

(°) -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 Total 
-2 1 2 1 4 

-1 1 2 2 2 5 5 1 1 1 1 21 

0 6 6 9 12 6 10 2 2 53 
1 2 1 4 3 1 2 1 14 

2 1 3 2 6 
Diff: Difference between the retest and test evaluations of knee extension ROM. 
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There was a wide range in the mean knee flexion range of motion during the test-retest 

evaluation (122.5 to 159.5°). There was a greater variability in test-retest range of motion in those 

patients with less end range of motion (e.g., 122.5 to 140°). Sixteenof21 patients in this group 

gained range of motion on the retest. Overall, in 77% of patients the test-retest difference was ± 2 0 

and in 92% of patients the test-retest difference was ±4° (Table 3). 

Table 3: Test-retest difference vs. test-retest mean knee flexion. 
Flexion Total Flexion Mean (°) 
Difference (°) 125 130 135 140 145 150 155 160 Total 

7 1 1 
6 1 1 1 3 
5 1 2 1 4 
4 1 1 1 3 
3 2 1 5 1 9 
2 1 2 1 3 2 3 12 
1 4 2 7 6 6 25 
0 2 1 2 9 5 4 23 

-1 1 1 4 6 
-2 1 1 2 5 9 
-3 1 1 2 
-4 1 1 

The reliability of the video digitizing was evaluated for the knee range of motion during gait. 

The mean difference between repeats was 0.5 ° for extension range of motion. The maximal 

differences were 3 and - I o . The mean difference between repeats for flexion range of motion was 

-0.2 0. The maximal differences were 3 and -2 °. Figures 1 and 2 demonstrate that there were no 

trends in the test-retest differences with respect to the mean range of motion. 
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Figure 1: Test-retest difference vs. mean values for extension range of motion during gait. 
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Figure 2: Test-retest difference vs. mean values for flexion range of motion during gait. 
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The side-side difference in computerized KT2000 arthrometer measurement had a mean 

difference between repeats of 0.1 mm. The maximal differences were 2.2 and -1.8 mm. Figure 
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3 demonstrates that there was no trend in the test-retest difference relative to the means of the side 

to side difference measures. 

Figure 3: Test-retest difference vs. mean values for the side-side difference outcome measure. 
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4.2 Randomized Clinical Trial Results 

4.2.1 Excluded Population 

.x 

Through the chart review and initial telephone screening process, 97 patients were 

excluded from the study as per the inclusion and exclusion criteria set out in Sections 3.2.4 and 

3.2.5. The reasons for exclusion are included in Table 4. 
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Table 4: Study exclusions.  

Reason N 

Patient was too young (i.e., less than 16 years of age) 5 

Planned semitendinosus graft 16 

Previous A C L reconstruction (ipsi- or contralateral knee) 33 

Other medical complication or major damage to another knee ligament 19 

Professional or other elite athlete 14 

Worker's Compensation Board patient 10 

4.2.2 Study Sample 

4.2.2.1 Declines and Failure to Contact 

Over the recruitment period from September, 1999 to March, 2001,202 patients were 

initially screened as eligible for this study. Of these 202 patients, 50 patients either declined to 

participate or could not be contacted during the initial recruitment. Table 5 includes the various 

reasons why patients were not enrolled. The demographic information of this group is contained 

in Table 6. There were 11 of the 50 patients who declined the Sport Medicine Centre consent for 

access to their chart for research purposes. Table 6 therefore does not include the data for these 

patients. The number of months between injury and surgery was positively skewed. The median 

was 15 months, the inter-quartile range was 6-24 months, the range was 3 - 228 months. 
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Table 5: Reasons for patients not enrolling.  

Reason N 

Patient declined Sport Medicine Centre consent to be contacted 11 

Patient could not be contacted - incorrect (outdated) phone number on file 14 

Patient wanted standard physiotherapy treatment post-operatively 17 

Patient felt he/she could not travel to Calgary for appointments/assessments 7 

Patient wanted to rehabilitate completely on her own (no physiotherapy at all) 1 

Table 6: Demographic information for those patients who declined to participate or could not be 
contacted.  

Variable Outcome 

Age at the time of surgery 28.5 ± 7.7 yr 

Gender ratio 77% male 

Surgical knee ratio 29% right 

Age at the time of initial injury 25.9 ± 7.0 yr 

Proportion having concomitant meniscal repair 3% 

Section 4.2.2.2 includes the demographic data for the sample population included in the 

study. Comparing Tables 6 and 7, the population of patients who declined or could not be 

contacted was approximately the same mean age (28.5 vs. 29.5 yr), had a higher proportion of 

males (77% vs. 59%), had a lower proportion having their right knee reconstructed (29% vs. 

50%), were similar for the patients' age at initial injury (26 yr) and had a lower proportion of 

patients having concurrent meniscal repair (3% vs. 17%). 
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4.2.2.2 Patients Enrolled 

One hundred fifty-two patients were enrolled in the study. Of those patients, seven were 

excluded post-randomization for the following reasons: 1 ) no reconstruction was performed after 

examination under anaesthesia (n=2), 2) patient underwent reconstruction with a semitendinosus 

graft (n = 3), 3) patient disclosed that he was bilaterally A C L deficient (n = 1 ), and 4) patient 

required concurrent repair of the Ligament of Humphrey and repair of an avulsed meniscus (n = 

1). 

These post-randomization exclusions left 145 patients (85 males and 60 females) enrolled 

in the study. Three patients declined to participate in the study post-randomization. A l l of these 

patients were randomized to the home-based group. Two of those patients declined based on the 

recommendation of a family/personal friend who was a physiotherapist. That friend recommended 

that the patients would not likely achieve optimal rehabilitation if they only saw a physiotherapist 

four times in the first three post-operative months. The third patient was a high level snowboard 

athlete who had aspirations of making national team standards but did not meet the study exclusion 

criteria. In light of her desire to reach the elite level, she decided to decline and attend 

physiotherapy on a more regular basis. 

The 145 patients were randomized to either the home group (H) (n = 73) or the 

physiotherapy group (PT) (n = 72). The number of patients entered by each of the four 

participating surgeons were as follows: Dr. Bell (n = 59), Dr. Mohtadi (n = 43), Dr. Bray (n = 

33), Dr. Frank (n = 10). There were no clinically relevant differences demonstrated at baseline 

between the two groups. That information is presented in Table 7. 
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Table 7: Group comparisons of variables pre-surgery (baseline). 

Variable Home Physiotherapy 

Age (yr ± SD) 29.1 ±9.2 29.5 ± 10.2 

Height (cm ± SD) 173.8 ±8.3 170.3 ±8 .1 

Mass (kg ± SD) 82.1 ± 14.4 77.6 ± 17.2 

Gender (% male) 64.4 52.8 

Surgical Knee (% right knee) 46.6 52.8 

Age at injury (yr ± SD) 26.2 ±8 .6 25.7 ±8 .6 

Extension Difference (°± SD)* -1.2 ± 3.1 -1.6 ± 3.3 

Flexion Difference (°± SD)* 3.9 ± 8.1 2.1 ±6 .7 

Video Extension Difference (°± SD)* -2.6 ±4.5 -1.2 ±4.5 

Video Flexion Difference (°± SD)A -1.6 ±4 .7 -0.2 ±5 .3 

K T Difference (mm ± SD)+ 5.0 ±3 .0 4.9 ±3 .2 

Quadriceps Ratio (% ± SD) A 88.4 ± 12.2 87.2 ± 13.3 

Hamstrings Ratio (% ± SD) A 98.5 ± 15.4 97.4 ± 15.7 

ACL-Quality of Life Score (s ± SD)# 30.3 ± 13.9 29.7 ± 14.8 
* Nonsurgical Leg - Surgical Leg; (-) = hyperextension; Nonsurgical leg had a greater range of motion 
* Nonsurgical Leg - Surgical Leg; (-) = Surgical leg had a greater flexion angle 
+ Surgical Leg - Nonsurgical Leg 
A Surgical Limb as a percentage of Nonsurgical Limb (i.e., S/N x 100) 
* Score out of 100 with 100 being perfect Quality of Life 

The variables listed in Table 7 were assessed for normality with box plots. No variables 

demonstrated major skewness or bimodality. 

The number of months between injury and surgery (i.e., chronicity of injury) was positively 

skewed. The median for the Home group was 17 months with an inter-quartile range of 9-57 
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months (total range: 2-252 months). The median for the Physiotherapy group was 20 months 

with an inter-quartile range of 8-60 months (total range: 2 - 204 months). A box plot of this 

distribution can be seen in Figure 4. 

Figure 4: Box plot distribution of months between injury and surgery for each study group. 
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Of the 145 patients enrolled, there were a total of 16 lost to follow-up. These included 

the three patients discussed previously who declined post-randomization. There were 8 patients 

who attended for their 6 week (mid-point) assessment but who did not return for their final 12 

week assessment (study end-point). There were 5 patients who did not return for either their 6 

week or 12 week assessments. The treatment of those lost to follow-up will be addressed under 

the subsequent section regarding the intention to treat analysis (Section 4.2.6). 
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4.2.3 Treatment Location and Compliance 

A l l but 1 of the Home group attended at least one physiotherapy session at the University 

of Calgary Sport Medicine Centre (SMC) as per the protocol. One patient, who attended only 

one session at the SMC, reported on his economic evaluation that he attended seven other 

sessions at some other clinic. The Home group averaged 2.9 ± 1.4 (x ± SD) physiotherapy 

sessions with a range of 0 to 8 sessions. One person did not attend any post-operative 

physiotherapy while 5 patients attended more than the prescribed 4 sessions (3 patients had 5,1 

patient had 6 and 1 patient had 8 sessions). The information regarding the clinics and number of 

sessions attended by the three patients who declined to participate post-randomization were not 

available. 

The majority of the Physiotherapy group attended the SMC for their physiotherapy 

treatments (66.7%, 48/72). The remaining 24 patients were equally split between other clinics in 

the Calgary area and clinics outside of Calgary. The Physiotherapy group attended 14.3 ± 4.0 ( s 

± SD) treatment sessions. The number of sessions attended ranged from 2 sessions to 20 

sessions. The distribution of the number of sessions attended in the Physiotherapy group is 

displayed in Figure 5. 
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Figure 5 : Distribution of the number of physiotherapy treatment sessions attended by the 
patients in the Physiotherapy supervised group. 
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The two study groups were similar for the number of appointments that patients attended 

with their orthopaedic surgeon between their index surgery and the 12 week assessment. The 

Home group averaged 1.9 appointments (SD =1.0, range = 1 - 6) and the Physiotherapy group 

averaged 2.0 appointments (SD = 1.1, range = 0 - 7). 

4.2.4 Patient Evaluation of Educational Materials 

The usefulness and ease of use of the rehabilitation exercise booklet and the log book were 

evaluated on a five point scale (excellent, very good, good, fair, poor). The usefulness of the 

rehabilitation booklet was rated as excellent or very good by 86% of the respondents. An 

additional 12% of respondents rated the usefulness as "good." The ease of use and clarity of the 

rehabilitation booklet was rated as excellent or very good by 75% of the respondents. An 

additional 21 % rated the booklet as "good." There were no observed differences between the 
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research groups in the pattern of response to the questions regarding the rehabilitation exercise 

booklet. 

When rating the usefulness of the log book, the majority of respondents in the 

Physiotherapy-supervised group rated the log book higher. Sixty-one percent of the 

Physiotherapy-supervised group rated the log book's usefulness as "excellent" or "very good" 

compared to 51 % of the Home group. That difference was maintained when the rating of "good" 

was added to the cumulative percentage (PT = 91 % vs. H = 81 %). When evaluating the ease of 

use of the log book, a similar trend was present for the cumulative ratings of "excellent" and "very 

good" (PT = 48% vs. H=39%). That difference was reduced (and actually slightly reversed) with 

the cumulative inclusion of "good" (PT = 85% vs. H = 88%). 

4.2.5 Results For Patients With Complete Data 

Of the 145 patients who were enrolled in the study, 129 patients attended the 12 week 

assessment (study end-point). These patients included 66 patients in the Physiotherapy group and 

63 patients in the Home group. The descriptive values for each study group for all of the outcome 

measures are included in Table 8. Two patients in the Physiotherapy group had to undergo a 

manipulation under anaesthesia and extension casting procedure within the 12 week study period 

(one patient at 8.5 weeks and one patient at 10 weeks post-operatively). Data for those two 

patients are not included in Table 8. 
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Table 8: Descriptive results for the main outcome measures. 

Variable Home Physiotherapy 

Extension R O M Difference (° ± SD)* -1.9 ±2.3 -3.0 ±3 .5 

Flexion R O M Difference (° ± SD)# 4.6 ±6 .6 7.5 ±7.1 

Video Extension R O M Difference (° ± SD)* -4.4 ±4 .8 -4.6 ±5 .3 

Video Flexion R O M Difference (° ± SD)# -1.5 ±4 .7 -0.8 ±5 .0 

K T Side to Side Difference (mm ± SD)+ 2.1 ±2 .6 1.8 ±2 .3 

Quadriceps Ratio (% ± SD) A 61.7 ± 12.8 59.7 ± 14.5 

Hamstrings Ratio (% ± SD) A 92.6 ± 14.2 90.5 ± 17.4 
* Nonsurgical Leg - Surgical Leg; (-) = Nonsurgical leg was more extended 
# Nonsurgical Leg - Surgical Leg; (-) = Surgical leg had a greater flexion angle 
+ Surgical Leg - Nonsurgical Leg 
A Surgical Limb as a percentage of Nonsurgical Limb (i.e., S/N x 100) 
ROM = Range of Motion 

The continuous data from the 12 week assessments were coded as either an acceptable 

or unacceptable outcome. The acceptable limits were determined by the survey of the orthopaedic 

surgeons and physiotherapists at the SportMedicine Centre (Section 3.6.3). Fisher's exact tests 

determined if there were any significant differences between the proportion of acceptable patients 

in each group for each of the outcome measures. The two patients who underwent a manipulation 

under anaesthesia (MUA) were coded as unacceptable for the passive extension and active-

assisted flexion range of motion and the video gait range of motion. These patients were deemed 

by their surgeon to require an M U A because of an unacceptable range of motion (ROM = a/b/c 

where a=degrees of hyperextension, b = degrees short of 0, c = degrees of flexion) (patient 51 : 

R O M = 0/10/90 when awake and 0/10/110 under anaesthesia; patient 59: R O M = 0/0/100 

awake and under anaesthesia). The data for these patients was censored (i.e., treated as missing) 
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for the ligament laxity outcome (i.e., KT arthrometer assessment). The surgical knee was still 

tighter than the nonsurgical knee in both patients at the 12 week assessment (-1.25 mm and -0.80 

mm). The knees of those two patients were tighter due to the lack of range of motion. These were 

therefore unacceptable outcomes. However, the ligament laxity values suggested that the knees 

were over constrained despite being acceptable by the present study ' s definition, therefore the 

ligament laxity data were treated as missing for those two patients. The 12 week strength values 

for these patients were not censored or adjusted as the M U A procedure would of had less of an 

effect on strength. Essentially, outcome measures that were directly improved by the procedure 

(i.e., range of motion) were coded as unacceptable. Those outcomes for which the effect of the 

M U A was unknown were censored. Those outcomes in which the procedure would not have 

induced a substantial improvement at the 12 week assessment were not adjusted. The percentage 

of acceptable patients and the Fisher's exact test results are listed in Table 9. 

Variable Acceptable Value N H(%) PT (%) P 

Extension ROM < 5° difference 129 96.8 83.3 0.02 

Flexion ROM < 5° difference 129 66.7 47.0 0.03 

Video Extension ROM < 5° difference 129 57.1 48.5 0.38 

Video Flexion ROM < 5° difference 116* 94.5 85.2 0.13 

KT Side-Side Difference < 5 mm difference 127 88.9 93.8 0.36 

Quadriceps Strength > 50% contralateral 128** 84.1 75.4 0.27 

Hamstrings Strength > 75% contralateral 128** 93.7 84.6 0.16 
H = Home group; PT = Physiotherapy group 
* Note: 13 patients walked through the video field of view without reaching maximal flexion during any trials 
**Note: one patient did not have strength testing performed post-operatively due to excessive pain during the 
activity. 
R O M = Range of Motion 
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4.2.6 Intention to Treat Analysis 

Given that 16 patients either declined post-randomization or were partially or completely 

lost to follow-up, an intention to treat analysis was performed to determine how the inclusion of 

those patients would affect the results of the study. For those patients who attended the 6 week 

(mid-point) assessment but not the 12 week (study end-point) assessment, their 6 week data were 

carried forward and used as 12 week data. The relevant patient's final outcomes were, therefore, 

coded as acceptable or unacceptable based on the six week assessment. There were 8 patients 

in that situation bringing the total sample to 13 7 patients. The data including these patients are 

demonstrated in Table 10. 

Table 10: Proportion of acceptable patients in each study group, including six week data carried 
forward. 

Variable Acceptable Value N H(%) PT (%) P 

Extension R O M < 5° difference 137 94.0 82.9 0.06 

Flexion R O M < 5° difference 137 65.7 47.1 0.04 

Video Extension R O M < 5° difference 137 58.2 50.0 0.39 

Video Flexion R O M < 5° difference 123* 93.1 84.6 0.16 

K T Side-Side Difference < 5 mm difference 135 86.6 92.6 0.27 
H = Home group; PT = Physiotherapy group 
*Note: 13 patients at 12 weeks and 1 patient who only attended the 6 week assessment walked through the 
video field of view without reaching maximal flexion during any trials. 
**Note: Strength was not assessed at the six week point, therefore there were no data to carry forward. 
ROM = Range of Motion 

The three patients who declined to participate post-randomization and the five patients 

who did not attend either of the post-operative assessments were coded as unacceptable (i.e., 
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worst case scenario) for all of the study outcome variables. The inclusion of these patients allowed 

analysis of all 145 patients. Those data are included in Table 11. 

Table 11 : Proportion of acceptable patients in each study group, including all losses to follow-up. 

Variable Acceptable Value N H (%) PT (%) P 

Extension R O M < 5 0 difference 145 86.3 80.6 0.38 

Flexion R O M < 5 ° difference 145 60.3 45.8 0.10 

Video Extension R O M < 5° difference 145 53.4 48.3 0.62 

Video Flexion R O M < 5° difference 131* 84.4 82.1 0.82 

K T Side-Side Difference < 5 mm difference 143 80.8 90.0 0.16 

Quadriceps Strength > 50% contralateral ¡44** 72.2 69.4 0.86 

Hamstrings Strength > 75% contralateral ¡44** 80.6 77.8 0.84 
H = Home group; PT = Physiotherapy group 
R O M = Range of Motion 
* Note: 13 patients at 12 weeks and 1 patient who only attended the 6 week assessment walked through the 
video field of view without reaching maximal flexion during any trials 
**Note: one patient did not have strength testing performed post-operatively due to excessive pain during the 
activity. 

4.2.7 Patients With Meniscal Damage 

Information was extracted about three general categories of meniscal damage from the 

patients' operative reports. Patients were noted to have meniscal damage requiring repair, 

meniscal damage requiring resection of a portion of the meniscus, or minor meniscal damage not 

requiring any treatment at the time of A C L reconstruction. The distribution of meniscal damage 

not requiring treatment was similar between the study groups: 43.7% prevalence in the 

Physiotherapy group and 44.6% in the Home group. A proportion of patients in both the 

Physiotherapy group (3 8%) and Home group (43.2%) required partial mensical resection. The 

locations of these resections are listed in Table 12. 
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Table 12: Location of meniscal resection by study group.  

Location Home (#) Physiotherapy (#) 

Medial meniscus 17 14 

Lateral meniscus 12 7 

Both medial and lateral meniscus 3 6 

Total 32 27 

Patients who underwent meniscal repair during their A C L reconstruction surgery were 

generally instructed by their surgeon to rehabilitate at a slower pace than those patients without 

concurrent meniscal repair. The relative avascularity of the meniscii and their load bearing function 

required a longer time to heal than the accelerated rehabilitation program prescribed. For that 

reason, exploratory sub-analyses were performed to determine if any of the outcome results were 

affected by the presence of meniscal repairs. There were 18.3% of the Physiotherapy group and 

14.9% of the Home group who underwent concurrent mensical repair. Twelve patients in the 

Physiotherapy group had repair of their medial meniscus, and one patient had a repair of both the 

medial and lateral meniscii. Ten patients in the Home group had repair of their medial meniscus, 

and one patient had a repair of both the medial and lateral meniscii. The proportion of patients in 

each study group with acceptable outcomes was evaluated with respect to meniscal repair status. 

The data for those patients without meniscal repair are included in Table 13. The data for those 

patients with meniscal repair are included in Table 14. There were 2 meniscal repair patients in 

each group that were not available for 12 week follow-up, therefore the meniscal repair analysis 

only includes 20 patients. 
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Table 13: Study group comparison for those patients without meniscal repair. 

Variable Acceptable Value N H (%) PT (%) P 

Extension R O M < 5° difference 109 98.1 83.6 0.02 

Flexion R O M < 5° difference 109 63.0 50.9 0.25 

Video Extension R O M < 5 ° difference 109 53.7 49.1 0.70 

Video Flexion R O M < 5 0 difference 96* 95.7 84.0 0.09 

K T Side-Side Difference < 5 mm difference 107A 90.7 94.3 0.72 

Quadriceps Strength > 50% contralateral 108* 84.9 76.4 0.33 

Hamstrings Strength > 75% contralateral 108* 92.5 87.3 0.53 
H = Home group; PT = Physiotherapy group 
R O M = Range of Motion 
* Note: 13 patients walked through the video field of view without reaching maximal flexion during any trials 
A Note: 2 patients who had manipulations under anaesthesia were censored 
* Note: 1 patient did not have strength testing performed post-operatively due to excessive pain during the 
activity. 

Table 14: Study group comparison for those patients with meniscal repair. 

Variable Acceptable Value N H(%) PT (%) P 

Extension R O M < 5 0 difference 20 88.9 81.8 1.00 

Flexion R O M < 5° difference 20 88.9 27.3 0.01 

Video Extension R O M < 5° difference 20 77.8 45.5 0.20 

Video Flexion R O M < 5 ° difference 20 88.9 90.9 1.00 

K T Side-Side Difference < 5 mm difference 20 77.8 90.9 0.57 

Quadriceps Strength > 50% contralateral 20 77.8 72.7 1.00 

Hamstrings Strength > 75% contralateral 20 100 72.7 0.20 
H = Home group; PT = Physiotherapy group 
R O M = Range of Motion 

Relative to the complete patient group, there were only 20 patients who underwent 

concurrent meniscal repair during their A C L reconstruction surgery. Given the small size of this 

group, significant differences between the study groups were not expected. However, there was 
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a significant difference identified between the Physiotherapy and Home groups for the outcome 

measure of active assisted flexion R O M (p = 0.01 ). The Home group had significantly more 

patients with acceptable outcomes compared to the Physiotherapy group. This result was not 

expected and demonstrates a difference in the approach to rehabilitation taken by the Home 

patients and the physiotherapist-patient coupling in the Physiotherapy group. This finding will be 

discussed in Section 5.2.1.6. 

4.3 Cost Effectiveness Analysis 

4.3.1 Comparison of Short Form and Long Form 

Data from the short and long forms could not be combined due to the different number of 

resource use categories in each questionnaire. For that reason, a comparison of the common 

categories was performed. That comparison used the common categories to determine whether 

the data extracted from the long form were representative of the data from the complete study 

sample. The common categories were: 1 ) cost to travel to and park at appointments with the 

surgeon, 2) cost to travel to and park at appointments with the physiotherapist, 3) lost income to 

the patient (patient was off work without income), 4) cost to Alberta Health Care (AHC) for post

operative appointments with the surgeon, 5) cost to the Calgary Health Region (CHR) for 

physiotherapy services (assumes all physiotherapy was paid for by the CHR), and 6) cost to 

employers in wages paid, without associated productivity, to patients who were off work with pay. 

Sixty patients completed and returned the short form, and 43 patients completed and 

returned the long form. The cost data from those forms were positively skewed. Therefore 
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medians and inter-quartile (IQ) ranges are reported. Table 15 lists the costs per category for the 

short and long forms. For that comparison, the data for each study group (Physiotherapy and 

Home) were pooled. 

Table 15: Dollar cost per patient for each cost category comparing the short and long forms. 

Variable Short Form Long Form 

Median IQ Range Median IQ Range 

Travel - Surgeon $16.35 7.50-48.00 $25.00 13.00 - 55.00 

Travel - Physio $68.00 27.60- 187.00 $54.00 28.80- 145.00 

A H C Cost - Surgeon $42.62 21.31 -63.93 $42.62 42.62 - 42.62 

CHR Cost - Physio $200.00 100.00-450.00 $150.00 100.00-425.00 

Employer Lost Wages $1871.36 0.00 - 4477.96 $1641.92 473.37 - 3044.82 

Patient Lost Income* $2657.60 1505.92 - 7059.20 $3735.72 1129.44 - 6529.76 
IQ = inter-quartile; A H C = Alberta Health Care; C H R = Calgary Health Region 
* Note: values only for those patients who reported a loss of income (short = 19, long = 10) 

There were 10 patients who completed the long form who reported a loss of income (23% 

of respondents). Comparatively, there were 19 patients who completed the short form and 

reported a loss of income (32% of respondents). The median and inter-quartile range of the 

complete group of patients who responded did not provide any meaningful data (median=0, IQ 

range - 0 - 0) for both groups. Therefore, the median and IQ range only for those patients who 

reported a loss of income was reported. The data in Table 15 demonstrate that, apart from the 

patient lost income, the range of differences in the median cost between the population who 

completed the short and long forms was $0.00 to $229.41 (e.g., Travel - Surgeon = $25.00 -

$16.35 = $8.65). The difference in the median cost of patient lost income was $1078.12. 
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4.3.2 Cost Analysis 

There were five viewpoints considered in this cost analysis: patient, patient's friend/farnily 

who assisted them, insurance companies, public health care system ( A H C and CHR combined), 

and industry (employers). These five viewpoints were combined to form a sixth (societal) 

viewpoint. As in the short-long form comparison, the data were positively skewed so the data 

were presented as medians and inter-quartile (IQ) ranges. Figure 6 demonstrates the skewed 

distribution of the cost data for each viewpoint. Table 16 includes the data for 5 of the viewpoints 

comparing the costs of the Home group to the Physiotherapy group. Due to the low number of 

patients with reported costs for a friend or family member, those were not included in Table 16 

or Figure 6. There were 3 patients in the Physiotherapy supervised group who reported costs for 

a friend/family member ($50.00, $480.00, $ 1600.00). There were 2 patients in the Home group 

who reported costs for a friend/family member ($176.48, $419.00). 
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Figure 6: Distribution of cost data for each viewpoint. 
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Table 16: Dollar cost per patient for each viewpoint comparing Home vs. Physiotherapy-
supervised rehabilitation programs.  

Viewpoint Physiotherapy (PT) Group Home (H) Group 

Median IQ Range Median IQ Range 

Patient $541.38 402.10- 1231.60 $656.35 267.00- 1213.00 

Insurance $19.68 0.00 - 36.00 $23.84 0.00-39.13 

Health Care System $467.62 417.62-471.31 $163.93 142.62 -167.62 

Industry $1763.19 737.89 - 3024.30 $1216.64 448.46-2151.55 

Society $2743.46 1991.07-3991.51 $2013.67 1239.55 - 3460.65 

To determine which program incurred a lower cost for each of the viewpoints analysed, 

the difference in medians was calculated (Table 17). 

Table 17: Cost comparison of the two rehabilitation programs. 

Viewpoint (Median PT) - (Median H) Cheaper? 

Patient -$114.97 PT 

Insurance -$4.16 PT 

Health Care System $303.69 Home 

Industry $546.55 Home 

Society $729.79 Home 
PT = Physiotherapy group; H = Home group 

Table 17 revealed that the Home rehabilitation program was less expensive from the 

viewpoints of the health care system, industry, and society as a whole. There were 3 substantial 

outliers in each group with respect to the industry viewpoint. Each of these patients was off work 
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with pay for the complete three month study period. Two of the three patients in each group had 

occupations that were dependent on strong and stable knees (rancher, arborist, plumber, 

registered nurse). The third patient in the Physiotherapy group was a budget clerk/secretary and 

the third patient in the Home group was a digital printer pre-operatively but reportedly did not plan 

on returning to that job after recovery. It is not known why these two patients were off work for 

the complete three month period. Given that there were an equal number of outlying patients in 

each group, the fact that they were all on the same end of the distribution, and that median and 

inter-quartile range were used for comparison, no adjustments were made for these outliers 

There was negligible difference in the median cost per patient between the study groups 

for the insurance viewpoint. The initial comparison of the median cost per patient in the 

Physiotherapy-supervised group (PT) and the Home-based group (H) demonstrated that the use 

of the Physiotherapy-supervised rehabilitation program was less expensive from the patient point 

of view. 

4.3.2.1 Breakdown of Patient Costs 

A sub-analysis of the cost comparison was performed for the patient viewpoint to 

determine if there were any particular cost categories that accounted for the difference between 

the Physiotherapy and Home groups. The total cost from the patient viewpoint was broken down 

into costs associated with: 1 ) the portion of medications paid for by the patient, 2) travel and 

parking for both surgical and physiotherapy appointments, 3) lost income, 4) additional 

child/dependent care, 5) additional costs of replacement housework, 6) patient paid cost of visits 
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to other health care practitioners (related to the surgery/rehabilitation), 7) rehabilitation equipment 

purchased for the purposes of the A C L rehabilitation, and 8) out of pocket expenses (Table 18). 

These costs were positively skewed, and therefore medians and inter-quartile (IQ) ranges are 

provided. Only one patient in each group reported additional child care expenses (Physiotherapy 

= $150.00, Home = $200.00). The number of patients who provided information for each 

category is included with the respective median value. 

Table 18: Breakdown of patient costs comparing the Physiotherapy and Home groups 

Variable Physiotherapy Group Home Group 

Median (n) IQ Range Median (n) IQ Range 

Patient Medications $2.08(18) 0.00-11.00 $6.46(19) 0.00- 11.09 

Travel - Surgeon $27.00 (20) 13.40-64.50 $23.00 (22) 13.00-44.00 

Travel - Physio $120.00(19) 38.00- 194.00 $34.50 (22) 28.00 - 76.00 

Housework $224.00 (8) 152.00-404.00 $164.00 (8) 112.00-264.00 

Other Health Care $0.00 (20) 0.00 - 0.00 $0.00 (22) 0.00- 12.00 

Rehab Equipment $60.50 (20) 16.00-221.50 $119.00 (22) 94.00 - 250.00 

Other Expenses $30.00 (5) 30.00 - 165.00 $50.00 (5) 36.00-436.60 

Lost Income* $3518.40 1129.44-3986.40 $3953.04 2635.36 -6529.76 

min, max $882.40, $7235.68 $358.78, $10164.96 
IQ = inter-quartile 
* NOTE: Values only for the five patients per group who reported a loss of income. 

The most expensive component of the total cost to the patient was the cost of lost income 

(i.e., patient was offwork without income). Only 10 patients of the 43 who completed the long 

form (PT = 5, H = 5) reported a loss of income. The 5 patients in the Physiotherapy group missed 
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a total of 117 days of work while 4 of the 5 patients in the Home group missed a total of 99 days 

(the fifth Home patient was on short term disability at 90% of her salary for the 27 days she was 

off, therefore losing $358.78). However, 60 of the lost days in the Physiotherapy group were lost 

by females whereas all 99 days lost in the Home group were lost by males. Therefore, although 

the Home group had less days lost without income, the difference in mean salary between males 

and females (see hourly wage assumption in section 3.3.3) resulted in the Physiotherapy group 

incurring a lower total lost wage. This particular anomaly will be addressed in the Discussion. 

Therefore, without the cost of lost income, the median cost for the Physiotherapy group was 

$507.90 (IQR = $324.40 - $650.48), and the median cost for the Home group was $426.45 

(IQR=$ 186.46 - $990.84). The difference in these medians demonstrates that, without including 

lost income, the Home group was $81.45 per patient cheaper than the Physiotherapy group 
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CHAPTER FIVE: DISCUSSION 

5.1 Introduction 

5.1.1 Purposes and Need 

The primary purpose of this study was to determine whether there were differences in 

clinical outcome between a program of limited physiotherapy supervision (home-based) and a 

standard physiotherapy-supervised rehabilitation program in the first 3 months following 

reconstruction of the anterior cruciate ligament (ACL). There have been five previous studies that 

compared rehabilitation programs of varying supervision frequency (4,5,17,122,123), with two 

being retrospective ( 122,123), and the other three being prospective and randomized (4,5,17). 

The first three months of rehabilitation are usually the most physiotherapy intensive, and 

after that time, the majority of patients require only periodic physiotherapy sessions (i.e., primarily 

home- or fitness centre-based). Of the three prospective and randomized studies, only two varied 

the frequency of physiotherapy sessions starting immediately after surgery (5,17). Those studies 

contained limited objective data on patient knee range of motion, ligament laxity, and strength— 

three important variables for the assessment of early rehabilitative success. None of the five studies 

found a difference in outcomes between the limited supervision and standard rehabilitation 

programs. The small sample sizes and lack of objective data, however, clouded the interpretation 

of the outcomes on both statistical and clinical base. 

Given the limited and potentially ambiguous information that has been published, a larger 

and more powerful study was required to provide concise information for health care 

administrators, clinicians and patients with respect to the effectiveness of rehabilitation programs. 



The current study focussed on the first three months following A C L reconstruction and included 

the pertinent outcomes of knee range of motion, knee range of motion during gait, ligament laxity, 

and strength. Knee range of motion during gait was assessed as a functional outcome for 

rehabilitative progression in the first three months following surgery, and, specifically, the difference 

between the nonsurgical and surgical knee was assumed to be more relevant than an absolute 

measure of range of motion. In that way any patient-specific deficiency was detected. The 

magnitude of differences between experimental groups had not been routinely reported in other 

studies. The publication of aggregated data (i.e., combined data from both groups) based only on 

the differences between groups was not significant, and did not allow assessment of clinical vs. 

statistical differences between programs. That issue was subsequently addressed in the current 

study. 

The secondary purpose of the current study was to compare the costs associated with 

each rehabilitation program from the viewpoints of the health care system, the patient, industry, 

insurance companies, and society as a whole. The published data available in that regard were 

extremely limited. The only available data presented the mean cost of physiotherapy for each 

program (17,122), but the cost per session of physiotherapy and the payment structures used 

varied not only throughout the United States (where those studies were based) but also between 

the United States and Canada (and across the provinces of Canada). In the current climate of 

Medicare and health care budget scrutiny, it is important to provide scientifically based cost-

effectiveness data to assist decision makers with funding allocation. Such data ensure the use of 

treatment methods that provide quality care that may be equal to or better than the current 



143 

standard while reducing the associated cost. To date, there have been no multi-perspective studies 

evaluating the cost-effectiveness of physiotherapy rehabilitation programs following A C L 

reconstruction. 

5.1.2 Study Overview 

Firstly, the study identified the standard of care for post-reconstruction A C L rehabilitation. 

A chart audit of A C L reconstructed patients was undertaken at two physiotherapy clinics 

associated with orthopaedic surgeons who perform A C L reconstructions. Those audits 

determined the standard range in the frequency of physiotherapy sessions in the first three post

operative months and reviewed the trends in exercise and activity progression throughout that 

rehabilitation period. The chart information was used in conjunction with rehabilitation programs 

taken from the current scientific literature and those acquired from A C L surgeons across Canada 

to develop the rehabilitation protocol used in this study, and to assist with determining the number 

of physiotherapy sessions allotted to the experimental and control groups of the study. 

The relevance of assessing the functional knee range of motion during gait was identified 

as a novel approach for measuring rehabilitative success in the first three post-operative months. 

Pilot studies were performed to determine a valid and reliable method of measuring this range of 

motion. Based on those studies, 2D sagittal plane video of gait was chosen to collect the range 

of motion data. While the reliability of passive range of motion, K T arthrometer, and video 

digitization were previously reported, the intra-tester reliability of those outcome measures was 

evaluated for direct relation to the current study. Once the developmental and pilot work was 
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completed, a randomized clinical trial (RCT) was carried out. Initially, a cost comparison of 

limited scope was carried out in parallel with the RCT. The decision to include a full economic 

analysis was made during the conduct of the RCT such that the last 60 patients enrolled were 

included in the full economic analysis. 

By most indicators, the current study met its stated objectives by demonstrating the 

effectiveness of a home-based rehabilitation program as compared to the standard physiotherapy-

supervised rehabilitation program for patients undergoing their first A C L reconstruction. Findings 

supported the economical dominance of the home-based program by demonstrating equal or 

better effectiveness with less cost as compared to the standard program. Here, in the Discussion, 

the major findings of the current study are recapitulated, study strengths and limitations are 

reviewed, and recommendations for future study are provided. 

5.2 Major Findings 

In the following, the maj or findings of the current study are discussed under the primary 

and secondary purposes of the study. Each section is sub-divided by the relevant outcome 

measures and viewpoints. 

5.2.1 Effectiveness of Home Vs. Physiotherapy-Supervised Rehabilitation Programs 

5.2.1.1 Range of Motion 

After reviewing the previous studies of A C L post-operative rehabilitation, and specifically, 

studies that compared a limited to standard frequency physiotherapy rehabilitation program, it was 
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obvious that despite the importance of regaining full knee range of motion (ROM), no studies 

reported that variable in a concise and complete manner. Earlier studies either reported that a 

proportion of patients attained full R O M by a certain time point (without defining full range of 

motion) (17), reported the total R O M only (i.e., extension plus flexion) (5), or did not report R O M 

results at all (4). It was unknown if the lack of attention to R O M was based on the assumption 

that the current accelerated rehabilitation programs had successfully returned patients to full R O M 

early or if the authors felt that the R O M outcome was not important in evaluating the success of 

A C L rehabilitation programs. The assumption that accelerated rehabilitation programs were 

successful for returning R O M may have been valid, but reducing the number of supervised 

rehabilitation sessions in the period that was most important for the return of R O M identified that 

variable as critical to track and report. The delayed normalization of knee extension could have 

led to increased stress on the patello-femoral j oint, because the patient was not able to "lock-out" 

the knee joint when standing. That prevented the quadriceps group from relaxing, and, therefore, 

maintained a constant pressure on the patello-femoral joint (42). Also, restricted R O M (in 

extension and flexion) was constantly noticeable by the patient, even during activities of daily living 

such as sitting, walking and stair-climbing. The patient was therefore constantly aware that the 

knee was not "normal", affecting his/her satisfaction with the operative procedure and rehabilitation 

(40, 42, 106). 

The current study demonstrated that the home group had less difference bilaterally for both 

extension and flexion R O M (-1.9° vs. -3.0° for extension; 4.6° vs. 7.5° for flexion). Previous 

studies had not reported bilateral differences, making comparisons difficult (4,5,17,122). Fisher 
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et al. graphically reported differences of approximately 5 ° in total R O M between the home and 

physiotherapy-supervised groups (home group had a greater total ROM), but the relative 

contributions of extension differences and flexion differences could not be discerned (5). DeCarlo 

and Sell demonstrated slightly greater ranges in their retrospective study. At 1,6, and 12 month 

follow-ups, the differences in mean R O M between the limited and more frequent physiotherapy 

groups were 2-3 ° for extension and 2-9 ° for flexion (122). The DeCarlo and Sell study used 

absolute measures of R O M in the surgical leg only, compared to the relative measures used in the 

current study. Their data agreed with the current study in that the group with the limited number 

of physiotherapy sessions exhibited a greater return of range of motion for both extension and 

flexion. 

When the R O M data were dichotomized into acceptable or unacceptable categories, the 

current study demonstrated that significantly more home-based patients attained acceptable 

outcomes (97% vs. 83% for extension; 67% vs. 47% for flexion). Schenck et al. reported that 

3 5/3 7 (95%) of their patients attained full R O M by 3 months after surgery ( 17). However, they 

did not define what they considered "full range of motion," and they did not report to which group 

the two patients belonged who did not attain full ROM. The Schenck et al. data were in line with 

the extension values from the current study. 

The fact that only 47% and 67% of the patients in the current study attained acceptable 

flexion R O M was troubling. With no other comparable published data, it was difficult to determine 

the relevance of that finding. One explanation revolved around the method of measurement. 

Patients were not only asked to actively contract their hamstrings to induce full flexion, but also 
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they used a strap, placed around the ankle in a figure eight fashion, to pull the knee into the 

maximum amount of flexion that was comfortable. While descriptions of exact measurement 

methods were not frequently reported, the limited reports available describe "active-assisted" as 

using only the active contraction of the hamstrings to attain full flexion (5,122). Without the 

assistance of the patients' arms pulling on the strap, the effects of knee pain, apprehension, and 

muscle inhibition likely affected the ability to reach the knee's end range of flexion. In addition, 

the hamstrings muscle group was nearing the end of the force-length curve (maximal shortening) 

which may also have affected the knee's ability to move actively into full flexion. Thus in earlier 

studies, the measurement of "full flexion" did not represent the full range of possible j oint motion 

(active-assisted), but the maximal flexion possible under active hamstrings control only. Assuming 

there were no major range of motion restrictions, the end range was less likely to be affected by 

variables related to the surgical rehabilitation. Therefore, patients were more likely to produce a 

flexion range equal or approximately equal to their non-operative knee. 

In the present study, the "assisted" component provided by the patient pulling on the strap 

moved the knee past the purely "active" range of motion, into a range more likely to be affected 

by residual swelling, apprehension, and potentially pain. Those factors were not issues on the non

surgical side, thereby allowing a greater flexion range of motion. Given that method of flexion 

measurement, a more liberal goal of being within 10 ° of the contralateral side may have been more 

reasonable. If that was the standard, the relative proportion of acceptable patients would increase 

to 86% for the home group and 71 % for the physiotherapy-supervised group (p = 0.06). While 

those numbers were expectantly higher, they still identified that a substantial number of patients did 
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not recover "full" flexion range of motion by 3 months following surgery. That difference between 

the home and physiotherapy-supervised groups may have been a result of less emphasis by the 

physiotherapists on regaining flexion in light of emphasis on extension, strength, and normal gait 

recovery. 

5.2.1.2 Range of Motion during Gait 

Gait adaptations in A C L deficient individuals have been frequently studied. Berchuk et 

al. described an A C L deficient "quadriceps avoidance pattern" in 1990 ( 100), but subsequent 

studies refuted the existence of quadriceps avoidance in that population (96,97,99,101 ). Except 

during the acute stage following A C L injury or reconstruction, the gait parameters of cadence, 

stride length and stride velocity were usually unchanged from normal (95,102), but A C L deficient 

and reconstructed individuals tend to keep their knee more flexed than normal (96,97.102). The 

greater than normal flexion may improve mechanical advantage for the hamstrings to assist with 

controlling the anterior tibial translation due to quadriceps activity (103). 

One limitation to the current study was the lack of normal controls for comparison. 

Previous authors demonstrated that gait patterns tend to be reasonably symmetrical in A C L -

compromised individuals signifying changes to the contralateral side as well (95,97). Thus using 

the nonsurgical limb as a "normal" comparison is problematic. Nonetheless, consistent with earlier 

work, the current study demonstrated little difference between the surgical and nonsurgical knees 

for the peak flexion attained during swing phase (home = 1.5 °, physiotherapy-supervised = 0.8 °). 

For both groups, the surgical knee flexed slightly more than the nonsurgical knee at peak flexion. 
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The mean peak flexion was higher than the values published by Bulgheroni et al. for A C L 

reconstructed patients ( 17 months post-surgery) and approximately equal to the values for normal 

individuals (99). The difference in peak extension values between surgical and nonsurgical knees 

was similar between study groups (home = 4.4°, physiotherapy-supervised = 4.6°). In both 

groups, the surgical knee had less peak extension than the nonsurgical knee. Given that previous 

studies showed peak extension values at heel strike to return to normal as early as five weeks after 

surgery (99,171 ), it is unknown why the current patients persisted with an extension lag at three 

months. It would appear that the patients maintained the protective motor adaptation of slight 

flexion near full extension. This increased flexion improves the mechanical advantage of the 

hamstrings group to offset the anterior shear force that occurs at heel strike due to the line of action 

of the ground reaction force at the heel and the simultaneous quadriceps contraction. The digitized 

video data demonstrates that peak extension of the knee joint occurs just before heel strike. With 

this in mind, the patients' residual adaptation to "prime" the knee position (increasing the 

hamstrings' ability to counteract the ensuing anterior shear force at heel strike) has apparently not 

been turned off, even 3 months following A C L reconstruction. 

When patient acceptable outcomes were analysed, 57% of home patients and 49% of 

physiotherapy-supervised patients had acceptable extension differences at three months following 

surgery. Those values agreed with the group mean differences described previously. As a whole, 

patients were more likely to attain acceptable flexion values (home = 95%, physiotherapy-

supervised = 85%). During gait, the patients flexed to less than half of peak active-assisted values. 

Thus, mid-range motion should not have been restricted by potential knee range of motion, and 
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one would expect the proportion of acceptable outcomes to be near (or equal to) 100% for both 

groups at the 3 month post-surgery end-point. It was surprising to find that 15% of the 

physiotherapy-supervised patients were not able to acquire peak flexion values within 5 0 of the 

contralateral knee. This deficit occurred despite the fact that these patients would likely have 

received more cueing from the physiotherapists about the normalization of gait during the first 3 

post-operative months. 

Previous studies noted that gait maladaptations that occur in A C L deficient patients were 

alleviated by A C L reconstruction (95,99,101,102). A C L reconstruction improved both kinetic 

and kinematic gait variables such that evaluating the progression of those variables towards 

"normal" may serve as a method of monitoring the success of post-operative rehabilitation. 

Unfortunately, it is difficult to define what actually is "normal." The contralateral leg has been 

shown to undergo adaptation along with the surgical leg, precluding it as a "normal" control (95. 

97). Pre-operative outcomes are also not accurate as a "normafcomparison. Unless the surgery 

is performed within a couple of weeks of injury (or at least the video data is collected within a 

couple weeks of injury), A C L deficient adaptation will occur. This adaptation leaves the use of 

normative data for comparison. This may not be feasible, however, given the small window of 

"normal" values (especially for extension) and the between-person variability in "normal" range of 

motion. It is therefore unlikely that normative data is sensitive enough for valid use as an 

assessment of rehabilitative progress. Even if these issues could be resolved, the benefits of 2D 

sagittal plane video and digitization would have to be offset with the time required to digitize and 

analyse the collected data. The time required for digitization and analysis would likely prevent the 
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widespread of use of this assessment tool in a busy clinic setting. Time could be saved by not 

digitizing the video data, using slow playback (perhaps even frame by frame playback) instead to 

view the gait pattern. While requiring less time than digitizing, it is unlikely that the therapist would 

be able to detect subtle range of motion differences by eye alone. It is therefore unlikely that video 

analysis of gait is an efficient tool for serial assessment of A C L rehabilitative progress in the clinical 

setting. 

5.2.1.3 Ligament Laxity 

Ligament laxity in the current study was the only outcome measure to show a trend (not 

significant) for the physiotherapy-supervised group to have a higher proportion of acceptable 

patients at 3 months following surgery (PT = 94%, H = 89%). The difference between the groups 

for this variable (5%) was smaller than all other outcomes (9% to 20% difference). The small 

difference between the groups was supported by the group means (PT =1.8 mm, H = 2.1 mm 

side to side difference at 13 5 N). Given the power of the current study, however, that likely did 

not represent a clinically meaningful difference. Those results were similar in trend, but lower in 

the magnitude of the difference, with those of Beard et al. (4) who also found that their "home" 

group had greater mean laxity compared to their "supervised" group (2.4 mm vs. -0.4 mm at 89 

N) at 3 months following surgery. These patients' knees tended to loosen even more by 6 months 

following surgery (3.3 mm vs. 0.8 mm at 89 N). The 6 month difference was not significant (p = 

0.1) but given the low power of their study ( 13 patients per group), the authors suggested that the 

difference was a real difference. Compared to the current study, however, the study by Beard et 
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al. was actually a trial of two physiotherapy-supervised programs, one of which got more 

supervision with group exercises classes (both groups were recommended to receive 12 

physiotherapy sessions in the first three months). Interestingly, the one "supervised" group (no 

additional classes) had a higher mean laxity value than the "home" group in the current study. 

Combining the current results with other similar studies (17,18) and other studies of accelerated 

rehabilitation (10,12,13) revealed that 2.0 mm of laxity was common. Previous studies of limited 

physiotherapy rehabilitation programs following A C L reconstruction did not identify any significant 

increases in laxity compared to a standard physiotherapy program (5,17) or to the published 

literature on standard accelerated rehabilitation patients (18). With the lack of a significant 

difference in measured ligament laxity between the two study groups, the agreement with published 

laxity values, and because passive anterior sagittal translation was not related to patients' objective 

and subjective functional outcome (172-175) (the overall objective of A C L reconstruction 

surgery), the current study found that there was no difference in knee ligament laxity between the 

home-based rehabilitation program and the physiotherapy-supervised program. 

The current study has demonstrated that the home-based group, without regular instruction 

about laxity protection, did not experience any more anterior translation laxity than the 

physiotherapy-supervised group. There are a number of possible explanations for this finding, and 

as is the case in most outcomes, the result is likely multifactorial. The patients in the home-based 

group may have received enough education through the pre-operative education session, the 

periodic physiotherapy sessions and the Exercise Rehabilitation Booklet, to ensure safe 

rehabilitation. Secondly, it is possible that the risk of graft elongation in the early remodelling 
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period is not as big an issue as is commonly thought. Given the aggressiveness of the meniscal 

repair sub-section of the home-based group to regain knee flexion range of motion (as 

demonstrated by the significantly higher proportion of patients who attained an acceptable flexion 

range of motion), it is unlikely that the home-based group were overly cautious, protecting their 

graft from stretching. Increased graft elongation would be expected if the home-based patients 

performed activities that were excessively aggressive compared to the state of graft remodelling. 

The results of the current study do not support this. Therefore, the rehabilitation program, and the 

associated education, were therefore sufficiently challenging to meet the expectations of the home-

based patients, while providing appropriate information to guide the safe and successful 

rehabilitation of this patient group. 

5.2.1.4 Strength 

The use of an isokinetic strength outcome at three months after A C L reconstruction 

presented unknowns. It has been well documented that quadriceps strength was diminished more 

than hamstrings strength in the first year after A C L reconstruction with a patellar tendon graft (4, 

5, 10, 13, 17, 18, 122, 176). The strength loss has been attributed to atrophy, quadriceps 

inhibition, and disruption (and associated pain with use) of the extensor mechanism (47,176-179). 

Due to reservations about overstressing the graft in the early healing stages, the time course of 

strength loss and restoration in the first four months following surgery remains unclear. Whether 

patients continue to lose strength or regain strength at three months post-surgery has not been 

studied. Therefore, while it was clinically important to assess strength at three months to provide 
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a baseline upon which to structure future rehabilitation, it remains unknown if that measure 

represented the patient's ability to stave off strength loss or their effort to regain lost strength. 

Combining the limited data available from published studies suggested that strength was similarly 

decreased at 1 and 3 months post-surgery, and then increased from 3 months to a year (4,10, 

13,122). Accelerated rehabilitation programs place an increased emphasis on strengthening 

activities in the 1 to 3 month post-operative period. Since studies have demonstrated that strength 

is similar at 1 and 3 months post-surgery despite an increased emphasis on strengthening, it is likely 

that strength continued to decrease slightly after the 1 month period and then rebounded by 3 

months post-surgery. 

The current study demonstrated that the ratio of quadriceps strength between the surgical 

and nonsurgical leg was approximately 60% at 3 months following surgery (H = 62%, PT = 60%). 

Those values were slightly lower than data reported by Beard et al. (58 and 68%) (4), Shelbourne 

and Nitz (66%) ( 12), and the accelerated rehabilitation group in the study by DeCarlo et al. (70%) 

( 10). The 95% confidence limits could be calculated for the study by Beard et al. (50 - 66%; 52 -

84%) and the study by DeCarlo et al. (69 - 71 %). The results of the current study are within the 

95% confidence limits for the mean in the study by Beard et al. demonstrating concordance in the 

study sample outcomes. The wide range in the values from Beard et al. may have reflected that 

pre-operatively, the mean for the "home" group was 15% lower than that for the "supervised" 

group (4). The standard errors of the mean in the study by Beard et al. were also much larger than 

those found in the study by DeCarlo et al. and in the current study (4 and 8% vs. 0.5% vs. 1.1 and 

1.3% respectively). The limited published data on strength at 3 months following surgery made 
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comparison to other studies difficult. When the strength data were dichotomized into those who 

were or were not able to attain at least a 50% ratio, an interesting trend emerged. The difference 

in the proportion of patients with acceptable outcomes was much larger than the difference in the 

group means (%Acceptable: H = 84%, PT = 75%; Mean Ratio: H = 61.7%, PT = 59.7%). 

While both groups were normally distributed, the inter-quartile range was smaller in the home 

group, signifying that more patients in the home group attained strength ratios that were "just 

above" the acceptable limit. The negligible change to the group means but larger difference to the 

proportion of acceptable patients was one of the limitations of using dichotomous data. The use 

of dichotomous data for clinical decision making must, therefore, be treated carefully. A 

quadriceps ratio of 49% vs. 51 % would have little clinical implication but made the difference 

between unacceptable and acceptable in the current study design. 

The results for the hamstrings strength followed a similar trend to the quadriceps strength. 

The group mean values for hamstrings strength were similar (H = 93%, PT = 91 %) while the 

comparison of the proportion of acceptable patients favoured (non-significantly) the home program 

(H = 94%, PT = 85%). The issues surrounding the clinical use of dichotomous outcomes for 

strength were, therefore, echoed by the hamstrings strength results. 

Regardless of whether strength assessment at 3 months following surgery represented the 

amount of strength loss or the amount of strength restoration, it nevertheless represented an 

important benchmark of early rehabilitation status. The assessment provided information about 

the status of the patient's strength and could be used to focus individually the follow-up 

rehabilitation program. The current study demonstrated trends for the home group to have more 
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patients with strength values above the a priori acceptable limits set for this study. Review of the 

group means, however, demonstrated that both the home and physiotherapy-supervised groups 

had similar relative quadriceps and hamstrings strength at three months following A C L 

reconstruction. 

5.2.1.5 Intention to Treat Analysis 

The results of the intention to treat analysis were as expected. The inclusion of 6 week 

data carried forward and the use of worst case scenario (unacceptable) values for those 

completely lost to follow-up resulted, for the most part, in a regression to the null. The proportion 

of acceptable patients changed negligibly with the 6 week carried forward data as the number of 

patients who attended the 6 week assessment but not the 12 week assessment was equal in both 

groups (4 per group) and the distribution of unacceptable outcomes was not different. There was 

an equal number of unacceptable patients added to each group for the outcomes of ligament laxity, 

active-assisted flexion, and flexion during gait. The addition of unacceptable patients was skewed 

towards the home group by one patient for passive extension and towards the physiotherapy-

supervised group by one patient for peak extension during gait. Those additions induced slight 

changes in the proportions of acceptable patients in each group and the associated p values, but 

those changes did not effect the interpretation of the results. When the "significant" cut-off of 

a<0.05 was maintained, the variable of extension range of motion became non-significant (changed 

fromp = 0.02 top = 0.06). 

There were 3 patients in the home group and 2 patients in the physiotherapy-supervised 
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group who were lost to follow-up. The three patients declining post-randomization were all in the 

home group. As all these patients were coded as unacceptable, that component of the intention 

to treat analysis caused an increase of four unacceptable patients in the home group. Therefore, 

the between-group difference in the proportion of acceptable outcomes decreased (but did not 

reverse) for all variables except for ligament laxity where the difference increased. Accordingly, 

the p value increased for all variables except for ligament laxity, where it decreased. 

Therefore, the intention to treat analysis did not produce changes to the original 

interpretation of the data. While the home group no longer had significantly more patients with 

acceptable outcomes for passive extension and active-assisted flexion range of motion, the basic 

trend was maintained. The effectiveness of the home program was, therefore, not reduced below 

that of the physiotherapy-supervised group by the intention to treat analysis. The intention to treat 

analysis, slanted against the home group, revealed that even with very conservative measures, the 

home program was equally or more effective compared to the standard physiotherapy-supervised 

program. 

5.2.1.6 Effects of Meniscal Repair 

The incidences of meniscal resection (H = 43%, PT = 38%) and repair (H = 15%, PT = 

18%) were similar between the home and physiotherapy-supervised groups. No previous studies 

of different post-operative rehabilitation programs reported the incidence of meniscal resection or 

repair as a baseline comparison. While the proportion of medial vs. lateral resections was equal 

(medial = 28%, lateral = 26%), there were substantially more medial meniscal repairs ( 17% of 



158 

patients) compared to lateral meniscal repairs ( 1 % of patients). Shelbourne and Gray reported 

on a cohort of609 chronically reconstructed patients, of which 60% had meniscal tears ( 13). 

Their incidence of meniscal resection (medial = 35%, lateral = 3 3 %) was slightly higher than seen 

in the current study. It is not known if that incidence difference was a reflection of differences in 

the state of knowledge regarding meniscal removal or preservation in 1987-1993 compared to the 

present epoch (1999-2001). In contrast to the meniscal resection statistics, the incidence of 

meniscal repair was strikingly higher in the Shelbourne and Gray study (medial repair = 53%, 

lateral repair=29%) ( 13) compared to the present study (medial repair = 17%, lateral repair = 

1 %). There was no obvious explanation for the difference. The patients in the current study were 

older, but the median time between injury and surgery was slightly lower than in the Shelbourne 

and Gray study. Possibly, patients in the current study were more likely to have meniscal repairs 

performed during arthroscopies that occurred before the index A C L reconstruction surgery. That 

the median time between injury and surgery was shorter in the current study, however, makes that 

unlikely unless there was a trend for early diagnostic arthroscopy during the current study that was 

not the norm in the period from 1987-1993. 

While a discussion of the incidences of meniscal resection and repair were important to 

describe the study patient population, meniscal status at the time of surgery actually had the 

potential to effect rehabilitative outcome as opposed to being an outcome of rehabilitation. Given 

that rehabilitation programs have traditionally been modified to be less intensive in the early stages 

for patients with meniscal repairs (14,180), a secondary analysis was carried out to control for 

the effects of meniscal repair. When all of the patients with meniscal repairs were removed from 
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the analysis, the original trends were maintained with the exception that thep value for active-

assisted flexion range of motion became not significant (change from 0.03 to 0.25). 

The analysis of meniscal repair patients showed that despite the small number of patients 

(N = 20), there was a significant difference (p=0.01 ) in the proportion of patients with acceptable 

flexion range of motion. The home group had 89% with acceptable outcomes compared to only 

27% in the physiotherapy-supervised group. That was most likely a reflection of the 

physiotherapists slowing down the progression of, or emphasis on regaining flexion range of motion 

to protect the meniscal repair and allow it to heal. The implications of the high rate of acceptable 

flexion on meniscal healing in the home group cannot be proposed from the current study. A long 

term follow-up study comparing the incidence of future meniscal repair or resection between these 

two groups would be required to determine whether or not the high rate of acceptable flexion had 

detrimental effects on meniscal healing in the home group. Such a long term follow-up study may 

help determine whether or not protecting the repaired meniscus from extreme flexion in the early 

stages of rehabilitation is necessary to prevent failure of the repair. 

5.2.1.7 Effectiveness Conclusions 

The current overall results were consistent with earlier reports of outcomes of accelerated 

rehabilitation following A C L reconstruction (12,13,49,63), including the incidence of scar 

resections and/or manipulations under anaesthesia required to attain acceptable range of motion 

(1% in the current study) (9, 13, 47). Current data showed that according to the goals set a 

priori, a significantly higher proportion of patients in the home group achieved acceptable passive 



160 

extension and active-assisted flexion range of motion. There were no significant differences 

between the rehabilitation groups for any of the secondary outcome measures. While there were 

residual differences, bilaterally, with respect to peak extension during gait, there were no 

differences between the groups. No deficiencies were noted in peak flexion range of motion during 

gait, and no differences between the study groups. The absence of "normal" controls, however, 

precluded comment about the patients' progress towards normal gait. 

There were no differences between the groups in the proportion of patients maintaining 

acceptable ligament laxity. Ligament laxity was the only variable where the proportion of patients 

with acceptable outcomes was higher for the physiotherapy-supervised group. That finding was 

potentially concerning from a surgical point of view, but because laxity was not related to functional 

outcome ( 172-175) and the difference between the groups was small, that difference was not 

considered clinically important. Finally, there were no differences in either quadriceps or 

hamstrings strength between the two groups. 

An intention to treat analysis took into account losses to follow-up and study declines. 

That conservative analysis confirmed the conclusion that the home rehabilitation program was at 

least as effective as the physiotherapy-supervised rehabilitation program in the first 3 months 

following A C L reconstruction. For patients who underwent meniscal repair concurrent with their 

A C L reconstruction, the home program demonstrated significantly more patients with acceptable 

active-assisted flexion range of motion. The physiotherapists, therefore, appeared to have slowed 

down their meniscal repair patients to protect the repair. The long term effects of this difference 

in flexion progress on meniscal repair are unknown. 
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Overall, the home rehabilitation group had significantly more patients with acceptable knee 

range of motion. There were no differences between the rehabilitation groups for any of the 

secondary outcome measures. Therefore, the home-based rehabilitation program was more 

effective than the standard physiotherapy-supervised program in the short term. The current study 

demonstrated that the home-based program can be used successfully in place of the standard 

physiotherapy-supervised program. Regardless of the outcome of the cost evaluation, there is no 

apparent need to bring patients into the clinic more often. That finding has been established in a 

large population of recreational athletes including a wide range of age (16 to 59 yrs), injury 

chronicity (2 to 204 months), sport background, and previous exercise experience. 

The argument may be made that patients in research studies attain better outcomes due 

to the increased attention they receive. However, in the current study, patients saw their surgeon 

on schedule with the standard of care (and in fact, averaged less than the prescribed number of 

visits) and received the same pre-operative education session that is offered as standard of care 

to all A C L reconstruction patients. Therefore, the current study is generalizable to the standard 

population (excluding elite athletes and WCB patients) of patients undergoing their first A C L 

reconstruction. While there may be select patients (with substantial compliance or complication 

issues) who will benefit from more post-operative supervision, this large study has shown that the 

majority of patients attain clinically acceptable outcomes with limited supervision and appropriate 

verbal and written education. 

The current short term study was relevant to clinical practice in that the first 3 months 

following A C L reconstruction were usually the most physiotherapy intensive. After that period, 
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the majority of patients progressed to a periodically supervised program. Whether or not any 

differences in patient outcome and satisfaction develop in the long-term now needs to be 

determined. It would be interesting to determine if the home group performs better over the long-

term given that they were empowered to take responsibility for their rehabilitation. They may fair 

better with long-term compliance to the extended rehabilitation required following A C L 

reconstruction. 

5.2.2 Cost Comparison of Home-Based Vs. Physiotherapy-Supervised Rehabilitation 

Programs 

5.2.2.1 Health Care System Viewpoint 

Recently the sustainability of Canada's social medicare system has been questioned given 

the escalating costs of provision. Those uncertainties led to the inception of the Commission on 

the Future of Health Care in Canada ( 131 ) and, provincially, to the Premier's Advisory Council 

On Health in Alberta ( 132). Everyone wants to provide and be provided with the best health care 

available, however, the scarcity of resources means that it is not possible to meet all claims or 

needs. Thus, there exists a substantial need for widespread economic analysis of the health care 

services currently, and proposed to be offered. 

The second purpose of this study was to compare the cost-effectiveness of a home-based 

rehabilitation program to the current standard of care for patients in the first 3 months following 

A C L reconstruction. It is arguable that the viewpoints of the patient, industry, insurance 

companies, and society as a whole have very abstract budgets with respect to competing programs 
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of treatment for rehabilitation following elective orthopaedic surgery. Despite the fact that they 

incur opportunity costs during rehabilitation, they do not have fixed budgets set aside specifically 

for A C L rehabilitation. The funds required must be drawn from the general purse of the patient 

or company. Those budgets are different from the health care system budget associated with the 

care being evaluated ( 13 5). Therefore, an effective economic analysis, one designed to provide 

information for decision makers about the allocation of budgets, is not completely appropriate for 

those viewpoints. As with most issues in health care, the main economic analysis of the current 

study revolved around the costs incurred or saved by the health care system when providing the 

required rehabilitative care. 

Given that economic analyses alongside clinical trials may end up being a cost-effectiveness 

analysis or a cost-benefit analysis ( 140), the particular analysis was originally envisioned as a 

technical efficiency question, requiring a cost-effectiveness analysis. 

Section 5.2.1.7 already described the effectiveness of the home program compared to the 

physiotherapy program — at a minimum it was as good as the current standard of care. 

Therefore, there were no additional funds required to support a "more effective" treatment 

program, and the economic analysis was simplified to a cost minimization analysis (134,162). 

When the costs of post-operative physiotherapy sessions, surgeon consults, and subsequent 

surgical procedures were taken into account, the home program cost $303.69 less per patient than 

the physiotherapy-supervised program. With the number of A C L reconstruction surgeries 

performed yearly in the Calgary Health Region estimated to be 450, the institution of a home-

based rehabilitation program post-operatively would save the CHR (Calgary Health Region) 
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$ 140,608.47 per year. Combining the peri-operative cost of an A C L reconstruction ($2308.29 

per patient (181)) with the cost of 3 months of home-based rehabilitation ($163.93) indicated that 

56 more A C L reconstructions could be performed each year with the cost savings. That would 

be a 12% increase in patients operated on yearly, having substantial implications for reducing the 

surgical waiting list. 

There are, of course, problems with those idealistic conclusions. Firstly, the surgical 

budget is separate from the physiotherapy budget, where the majority of the cost savings would 

actually be made (reduction in physiotherapy visits). Using the money for surgical purposes would 

require a reallocation of funds from the physiotherapy budget to the surgical budget. This is an 

allocative efficiency issue within the current funding structure of the health care system. However, 

if the health care system funding structure was to take a patient oriented approach, A C L 

rehabilitation and A C L reconstruction surgery would be under the same budget—the treatment 

of A C L injury. If that were the case, saved physiotherapy resources could be redistributed for 

A C L reconstruction surgery. The current study was not designed to answer such structural 

problems with health care financing. 

The second problem with those idealistic conclusions was that on amore global level, an 

increase in the number of surgeries performed would be contingent on the availability of peri

operative staff (including the surgeon and anaesthetist), and other resources. If the operating suites 

and/or staff resources were not available, the number of surgeries cannot increase, regardless of 

the presence of money to pay for them. Thirdly, from an opportunity cost point of view, it could 

be argued that proper prioritization of need would mean that these additional patients would be 
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less in need of A C L reconstruction. That brings about the cost-benefit question of whether or not 

the resources saved should be reallocated to a patient population that would benefit more. That 

question cannot be answered by the current study. However, given the current length of the 

waiting list and the screening process currently used by surgeons to assess the need for surgery, 

it is unlikely that the additional 56 patients who would theoretically be offered surgery would not 

benefit to the same extent as those who received surgery. 

The savings could also be utilized in a manner more in keeping with the allocation of the 

resources saved. One of the proposed benefits of the current study was that any resources saved 

could be used to fund physiotherapy for patients who have otherwise been cut-off from public 

coverage. Again, that situation would require a cost-benefit analysis inside the whole budget of 

the Community Rehabilitation Program (budget for publically funded physiotherapy performed in 

private clinics), because patients of different pathologies and needs would be competing for a share 

of the residual resources. The current study was not designed to answer that question either, but 

simply to demonstrate that funds could be freed to be used elsewhere. The current study, 

therefore, identified that sufficient resources could be saved to support 5624 additional 

physiotherapy sessions ($25 per session). There are a number of ways these additional funds 

could be utilized to improve the delivery of physiotherapy services. Firstly, this funding could 

supply 2812 additional initial assessments (double session=$50). This would reduce the waiting 

period at some clinics that results when private clinics have exhausted their CRP funding for the 

month (the initial assessment is guaranteed to be covered by CRP for those patients who have 

Alberta Health Care insurance). This, in turn, would provide patients with quicker access to 
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physiotherapy assessment, education and treatment — ideally resulting in improved patient 

(customer) satisfaction and accelerated recovery. Alternatively, within the current status of fee for 

service physiotherapy care, the additional funding could be used to fund periodic double sessions 

that would provide more time for the physiotherapist to deliver one-on-one education with the 

respective patient. Given the apparent benefits of increased patient education and empowerment, 

this could be a successful patient-oriented change to the current standard of clinical practice, 

facilitated by an increase in funding availability. The intertwined linkages, identified here, 

underscored the difficult technical and allocative efficiency questions within the complete health 

care system budget. 

The issues identified above highlight the problem of trying to pigeon-hole analyses as either 

technical or allocative when in fact the economical infrastructure does not conform to these 

definitions. Within the budgetary structure of the (in this case) health care region, micro-budgets 

for each type of care giver (e.g., orthopaedic surgeon vs. physiotherapist) and patient population 

(e.g., A C L reconstructed patients) do not exist. Therefore, strictly speaking, an evaluation of 

technical efficiency was not possible. Conversely, however, an allocative efficiency evaluation 

could not be performed because completely different patient populations (e.g., A C L reconstructed 

patients and total hip replacement patients) were included under the same budget (i.e., not 

disaggregated). Given that situation, the "health economist" was left to outline the various costs 

and effectiveness/benefits in disaggregated form. That allowed the determination of how more 

effective health care could be delivered either by saving resources or obtaining more resources. 

The methods of shifting or "reallocating" (to use the term loosely) resources must were left to the 
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managerial decision makers without attaching strict terms such as technical or allocative efficiency. 

A paradigm shift would be needed to change that situation. If budgets were allocated by patient 

type or classification (e.g., A C L reconstructed patient) then resources saved in the use of more 

efficient care for these patients could be utilized either: 1 ) directly by the same population (shift 

from physiotherapy to surgery or vice versa)—technical efficiency, or 2) saved resources could 

be reallocated to another patient population—allocative efficiency. In that way, decisions could 

be made about how best to care for a particular patient population (technical efficiency) or which 

patient population should get more resources (allocative efficiency) instead of which part of a 

particular patient population's care could be funded (physiotherapy vs. surgery — technical 

efficiency) or which treatment for which patient population could be funded (physiotherapy for an 

A C L reconstructed patient vs. home care for an elderly hip fracture patient - allocative efficiency). 

Shifting the paradigm to a patient oriented budget system allowed improved care for patients 

because it allowed resources to be sequestered from, or provided to a patient population for the 

complete range of care required, not simply one component of care. 

5.2.2.2 Patient Viewpoint 

Economic evaluations are usually performed within the framework of assessing the 

allocation of resources, either within a given budget or between definite budgets, that would allow 

the best combination of cost and benefit or effectiveness (134, 162, 181-183). Despite the 

opportunity cost incurred, patients, employers, and insurance companies do not have pre

determined budgets set aside for A C L rehabilitation. A full economic evaluation involving these 
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viewpoints was therefore not performed. Either the patient decides to undergo the surgery and 

ensuing rehabilitation, or they do not. Given that the employee decides to have the surgery and 

requires time off work, the employer either supports the employee or does not. The implications 

for the employer may be a loss in productivity or increased payroll expense if the employee is 

replaced, or potentially no loss if the patient is off without pay and is immediately replaced by a 

skilled worker. Insurance companies are bound to support the patient according to the details 

of the plan that the patient has purchased. Since insurance companies are a business, they will 

look to use programs that minimize the patient's use of the insurance, thereby increasing the 

differential between premiums paid to the company and reimbursements paid to the patient. 

Therefore, from all of these points of view, the rehabilitation program that incurs the lowest 

opportunity cost will be favoured. The importance of the rehabilitation program's 

benefits/effectiveness, however, will differ for each viewpoint. The insurance company wants the 

cheapest program (i.e., the one that causes the patient to submit the lowest claim for 

reimbursement). Poor rehabilitation, however, may increase insurance cost over time so it is still 

in the company's best interest to support the program that saves money directly in the short-term 

and indirectly in the long-term. Apart from any company altruism towards the patient, the 

employer will support the program that results in the least productivity and payroll loss. From the 

patient point of view, effectiveness is much more important as long as the direct costs to them are 

not a gross burden to their socioeconomic status. Overall, the sentiments are the same—support 

the program that will cost the least while successfully returning the patient to full functional status 

in the shortest time. 
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The initial analysis identified that the home program was more expensive than the 

physiotherapy-supervised program from the patient point of view (by $ 144.97 per patient). That 

fact would appear to be counter-intuitive because the patients in the physiotherapy-supervised 

group had to travel more often to the physiotherapy clinic. That result assumed that all other 

patient costs would not have been dependent on rehabilitation group and would therefore have 

been equal due to random assignment. A review of the various categories of patient costs in Table 

18 (page 139) supported the expectation that the cost of travel to and from physiotherapy was 

lower for the home group. Of the 8 patients per group reporting an opportunity cost for the lost 

ability to perform housework, the home-based patients reported a lower cost. That lower cost 

was balanced by the increased cost of additional rehabilitation equipment purchased by the home 

group. 

The last category in Table 18 demonstrated that a small number of patients (5 per group) 

were responsible for the patient oriented cost differences between the two research groups. The 

median lost-income for the 5 patients reporting lost income in the home group was $3953.04 while 

the median for those reporting lost income in the physiotherapy-supervised group was $3 518.40. 

Given that there were an equal number of patients in each group reporting lost income, the 

difference was due to a gender imbalance (and the associated mean wages) of those reporting a 

loss of income. The physiotherapy-supervised group incurred 117 days of lost income, 60 of 

which were lost by women (mean hourly wage of $ 14.66 to $ 16.61 ) whereas the home group 

incurred 99 days of lost income, all of which were lost by men (mean hourly wage of $22.06 to 

$23.53). The home group therefore amassed 18 fewer days oflost income but incurred a higher 
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total cost because of the gender imbalance. 

Given the small number of patients affected by a loss of income and the absence of any 

strong reasoning to support that the gender balance for this variable was a result of the 

rehabilitation group to which they were assigned, it was prudent to compare the patient costs 

exclusive of the cost of lost income. When that comparison was performed, the home program 

was less expensive by $81.45 per patient. As expected, the difference in the cost of travelling to 

and from physiotherapy was the largest difference between the two programs. 

5.2.2.3 Industry and Insurance Viewpoints 

Previous economic evaluation studies in orthopaedics have not addressed the opportunity 

costs to industry or to insurance companies. The current study assumed that all physiotherapy 

required in the first 3 months following surgery was covered by the Community Rehabilitation 

Program (health care system budget), and therefore there were no claims to insurance for the 

reimbursement of physiotherapy services. Thus, the insurance companies were only responsible 

for the reimbursable portions of the cost of prescription drugs and other equipment (e.g., crutches 

or splints) or reimbursable expenses for allied health care (e.g., massage or chiropractic related 

to the A C L reconstruction). The median cost for each group was low (home = $23.84; 

physiotherapy-supervised = $19.68). That difference of $4.16 was negligible. 

From the employer's point of view, there were substantial cost savings of $546.55 per 

patient related to the use of the home rehabilitation program. Those data demonstrated that the 

median number of hours off work with pay was 70% higher in the physiotherapy-supervised group 
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(88 vs. 52 hours). While the median number of days taken off between surgery and the initial 

return to work was slightly higher for the home group ( 14 vs. 12 days respectively), the median 

number of hours taken off after the initial return to work for rehabilitation or physical symptoms 

was 8 hours for the physiotherapy-supervised group and 0 hours for the home group. 

Additionally, no patient in the home group took off more than 16 hours once they had returned to 

work. The physiotherapy-supervised group had 6 patients ranging from 20 to 168 hours missed 

after their initial return to work. The number of days taken off between surgery and the initial 

return to work was similar between groups, but the physiotherapy-group missed more hours of 

work after the initial return. The study did not determine whether that increase in missed work was 

due to physical symptoms or attendance at physiotherapy. Nevertheless, it could be postulated 

that patients missed work to attend some (or all) of their physiotherapy sessions during working 

hours. The reduced number of physiotherapy visits in the home group therefore reduced the 

amount of work missed by these patients, and decreased the estimated opportunity cost oflost 

productivity to the employers. 

5.2.2.4 Society Viewpoint 

The society viewpoint does not represent any one budget, but represents the total cost 

including all stakeholders involved when a patient undergoes an A C L reconstruction. That cost 

was not useable for budget allocation decisions but could assist with identifying the net cost or cost 

savings due to the selection of one program over another. In the current study, use of the home 

rehabilitation program saved a total of $729.79 per patient or $328,405.50 in one year, assuming 
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450 A C L reconstructions are performed each year in the Calgary Health Region. In socialised 

systems, such as Canada's, health regions are responsible for providing the most cost-effective 

care given the funding provided them by the public purse (i.e., governments). Funding decisions, 

however, may be affected by pressure from the government (and indirectly from public opinion) 

if the effects on society as a whole do not coincide with the viewpoint of the health care system in 

isolation. In the current study, the home rehabilitation program revealed cost savings for the health 

care system and for society. The home-based rehabilitation program, therefore was less expensive 

than the current standard of care, regardless of the viewpoint taken. 

5.2.2.5 Cost Effectiveness Conclusions 

The cost analysis of the industry and societal viewpoints demonstrated that the home 

rehabilitation program was less expensive. Given the assumptions that were made (Section 3.3.3) 

regarding the valuation of costs to employers, use of a home program resulted in less lost 

productivity, as measured by wages paid to employees who were off work. The issue of patients 

taking time off work to attend physiotherapy sessions may have been a factor in the lower cost to 

the employer of the home rehabilitation program. The cost comparison from the patient viewpoint 

demonstrated two slightly different outcomes depending on the inclusion of the income lost while 

patients were off work without pay. When those values were included, the physiotherapy-

supervised program was less expensive. With only five patients per group who reported an 

income loss and the income did not appear to be related to group assignment, a comparison of 

patient costs exclusive oflost income was performed. This comparison showed that the cost to 
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the patient was actually less for those in the home rehabilitation program. Finally, the cost-

effectiveness analysis demonstrated that there was dominance for supporting the decision to accept 

or recommend the use of the home-based rehabilitation program (184). The home-based 

rehabilitation program was more effective and was less expensive than the standard physiotherapy-

supervised rehabilitation program. 

In conclusion, while it is understood that certain patients will require additional supervision, 

it is recommended that a predominantly home-based rehabilitation program be adopted as the 

standard of care for use with recreational athletes following A C L reconstruction. The current 

study provided solid scientific evidence for both the clinical effectiveness and cost savings that 

could be realized by using a home-based rehabilitation program in this population. Therefore, 

health regions, surgeons and most importantly physiotherapists, are recommended to move 

towards the implementation of an educationally intensive, but predominantly home-based 

rehabilitation program for patients in the first three months following reconstruction of the anterior 

cruciate ligament. 

5.3 Strengths and Limitations 

5.3.1 Effectiveness Trial 

One of the strengths of this research project was its educational component. Previous 

studies have emphasized the importance of pre-operative education, pre-operative patient 

preparation (5,63,109,118), and the provision of quality and detailed educational materials and 

rehabilitation program descriptions for the patients to take home (5). A l l of the patients in the 
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current study received the same pre-operative education before they were made aware of their 

group assignment. Every patient in the study was provided with a written summary of the 

information discussed in the pre-operative education session. They were also provided with a 22 

page rehabilitation exercise manual that introduced their injury, the surgical procedure, and an 

overview of the rehabilitation plan. The rehabilitation program was then described in detail with 

specific goals, rehabilitation instructions, volume and intensity recommendations, and line drawings 

of all the activities the patients were to perform. A log book was provided to assist them with 

monitoring their progress over the 3 month period. Those materials helped the patients perform 

confidently the home component of the rehabilitation program. That confidence with home 

rehabilitation was important regardless of study group assignment as the greatest volume of 

rehabilitation was, or should have been performed at home. A l l patients were educated pre-

operatively, before group assignment, about the importance of their input and effort for the success 

of the rehabilitation. That A C L rehabilitation was active (i.e., patient performed), and not passive 

(i.e., physiotherapist performed as in manual therapy) was instilled in all patients. The level of 

success they would achieve would be directly related to the amount of effort they put into the 

rehabilitation. 

The advent of arthroscopic/endoscopic surgical reconstruction techniques has occurred 

concurrently with the increased use of "accelerated" rehabilitation programs—characterized by 

immediate weightbearing as tolerated, early range of motion activities, early commencement of 

strengthening activities, and a generally increased pace in which patients progress through the post

operative rehabilitation program. The pace of rehabilitative progression vvdthin the principles of 
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accelerated rehabilitation varies among authors. Some authors claimed to push high level athletes 

to return to athletic activities by 4 months following surgery ( 118). That would represent the most 

accelerated end of the progression pace continuum. The rehabilitation program used in the current 

study followed the principles of accelerated rehabilitation but was more in line with the maj ority 

of authors in the current literature ( 11,14)—basic controlled sport specific activities could be 

commenced around 3 months following surgery with a planned return to full activities at 6 months 

post-surgery (in the dedicated patient). Had the current study used a program focussed on 

returning patients to full activity by 4 months post-surgery, there likely would have been little 

change to the outcome of the study. As the physiotherapy sessions for the home-based group 

were designed to occur at specific transition periods in the rehabilitation program, one or two 

additional physiotherapy sessions would have been required to address the fact that the patient 

would progress through more rehabilitation phases in the same time period. As in the current 

study, these physiotherapy sessions would be used to assess the patient's ability to progress to the 

next phase, and to educate them as to the proper activities for the particular phases. The cost to 

the health care system would increase within the first 3-month post-operative period (due to 

additional physiotherapy sessions), however, the longer-term cost would likely be unchanged as 

the patient would attain full potential earlier. 

The current study had several methodological strengths. Firstly, the use of the same 

rehabilitation program with both groups ensured that the frequency of physiotherapy contact was 

the only independent variable. That program consisted of a base program requiring only minimal 

equipment, and was designed to be successful on its own. Flexibility was built in to allow patients 
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to use other equipment if they had access. Although, some would argue that introduced bias into 

the study, it would be more likely to produce a bias towards the success of the physiotherapy-

supervised group as this equipment would be available to them more often. Other access to fitness 

equipment was not directly assessed but was likely randomly distributed across the two groups, 

and therefore would not induce a bias away from the null. Given the results of the current study, 

the removal of that potential bias would strengthen the relative effectiveness of the home group. 

The use of randomization within surgeon strata ensured that any potential differences 

between surgeons would not bias the groups. The study also covered the specific post-operative 

time period to answer the research question. In the Calgary Health Region, the majority of patients 

were on primarily home or fitness centre based rehabilitation programs after 3 months, requiring 

only periodic visits with a physiotherapist. Therefore, the comparison of a limited vs. standard 

physiotherapy program was most pertinent to the first 3 months following surgery. 

Previous studies comparing rehabilitation programs of varying frequency of physiotherapy 

following A C L reconstruction have included sample sizes less than one-third of the current study. 

The small sample size and methodological shortcomings of the previous studies precluded the 

ability to accept the equivalence of a limited-supervision program and a standard physiotherapy-

supervised program following A C L reconstruction. Therefore, clinical equipoise was maintained 

and the trial was designed accordingly. However, given the potential for a non-significant result, 

the sample size of the current study was planned a priori to ensure adequate power in the case 

that non-significant differences between the groups were found. 

In any clinical trial, the question arises regarding how the outcome would be different if 
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those patients who were excluded (Section 4.2.1 ) were included. Patients younger than 16 years 

old were excluded based on information from a previous study stating those patients tended to 

have poorer results with limited supervision ( 17). Without an independent observer, compliance 

with exercises and post-operative goals would suffer in that population. As there were only 5 

patients excluded for that reason, a random split of 2 and 3 patients to each group would likely 

result in little change in overall study outcome. If a change were to occur, however, it would likely 

result in less acceptable outcomes in the home-based group. 

It is not known why 16 of the eligible patients underwent reconstruction with a 

semitendinosus graft. These patients were excluded so graft type would not act as a confounder. 

The random allocation of these patients should not have changed the outcome of the study. 

Patients who had undergone a previous reconstruction to the contralateral knee were 

excluded because of the reliance on a "normal" contralateral for comparison in all of the outcome 

measures. Revision A C L reconstruction is a different operation than primary reconstruction and 

it was therefore inappropriate to include those revision patients. The inclusion of patients with 

previous contra- or ipsilateral reconstructions would not likely cause changes in the differences 

between the two rehabilitation programs. While previous studies showed that patients had a faster, 

smoother and less painful recovery after their second A C L reconstruction ( 109), those effects 

would theoretically have been equally distributed across both groups. While the inclusion of 

patients with medical complications or major damage to another knee ligament was inappropriate 

for this study (for reasons similar to revision A C L reconstruction), the balanced allocation to 

rehabilitation groups would likely have little effect on the comparison. 
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Elite athletes are highly motivated to obtain acceptable (and likely much better than 

"acceptable") outcomes. A priori these highly motivated individuals would have been expected 

to do well in both rehabilitation groups (as their exclusion was based on the premise of 

contamination from their therapist if they were in the home-based group, not on their ability to be 

successful), and therefore have no impact on the difference between the programs. However, 

given the outcomes of this study, it may be possible that the inclusion of these highly motivated 

patients may have increased the relative success of the home group compared to the 

physiotherapy-supervised group. Finally, Worker's Compensation patients are thought to have 

poorer outcomes, or at least take longer to reach acceptable outcomes, compared to non-

Worker's Compensation patients. In the A C L reconstruction literature, there has been 

controversy as to whether that is true (105,107,114). Depending on which theory is accepted, 

the inclusion of those patients would have had either no effect on study outcome or would have 

resulted in the home-based program having fewer acceptable patients. 

Overall, the inclusion of these 97 patients would have had little impact on the study 

outcome. Even if the elite athletes improved the performance of the home-based group, that 

improvement would be balanced by the potentially poorer performance of the home-based group 

due to those patients under 16 years of age and the Worker's Compensation patients. 

Arguably, the potential effects of including the patients who were eligible to participate but 

declined are more important to evaluate than the effects of those who were excluded. Thirty-two 

of the 50 patients who were not enrolled would have likely had no effect on the relative 

performance of the home versus physiotherapy-supervised groups (i.e., those who could not be 
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contacted or who could not travel to Calgary). One patient was a personal trainer and felt she 

could completely rehabilitate on her own. It is assumed that she would have attained acceptable 

outcomes regardless of group assignment; the effect of one acceptable patient added to either 

group would have been negligible. The remaining 17 patients who declined to participate did so 

because they definitely wanted the standard physiotherapy program. Balancing these patients 

between the two groups would have likely resulted in a relative decrease in the proportion of 

acceptable patients in the home-based group. It was not possible to determine whether those 

patients chose to attend physiotherapy on a regular basis because of preconceived notions that 

more physiotherapy was better and the only way to attain successful outcomes, or if they knew 

that their personality, life schedule, motivation, dedication, or other factors were not amenable to 

a limitedly supervised rehabilitation program. Patient personality issues must be evaluated by the 

surgeon and physiotherapist when deciding the patient's ability to be successful with a 

predominantly home-based rehabilitation program. There is a need for the rehabilitation industry 

to address patient expectations to ensure that patients are correctly informed. These issues are 

discussed in Sections 6.1 and 6.2. 

Losses to follow-up were equally distributed between the study groups. The only potential 

bias resulted from the three patients randomized to the home group who declined to participate 

post-randomization (Section 4.2.2.2). Any potential bias induced by those three declines was 

addressed by the intention to treat analysis, which did not change the overall interpretation of the 

study's outcome. 

Two patients in the physiotherapy-supervised group had their ligament laxity data censored 
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and were coded as having unacceptable knee range of motion because of flexion contractures that 

required a manipulation under anaesthesia. While it was necessary to treat these outcomes as 

such, it was possible that the flexion contractures may been caused by reasons unrelated to the 

rehabilitation program they followed (e.g. undiagnosed connective tissue disorder). It was not 

possible to state whether or not these patients would have attained an acceptable range of motion 

if they had not sustained a flexion contracture. Their inclusion would have, therefore, either 

increased or decreased the difference in proportion of acceptable patients between the groups, 

depending on whether they attained unacceptable or acceptable outcomes respectively. 

The current study was designed to assess the effectiveness of a primarily home-based 

rehabilitation program. As such, a balance was necessary between internal and external validity. 

The generalizability of having one physiotherapist treat all of the home patients may be somewhat 

limited but was logistically necessary for the trial. The effectiveness of the home program was 

thought to hinge partially on the provision of quality patient education during the limited 

physiotherapy sessions. While it is expected that all physiotherapists would educate their patients 

during treatment, the ability of the researchers to ensure that all potential physiotherapists treating 

home patients understood this philosophy was logistically limited, given the number of 

physiotherapists and physiotherapy clinics that patients could have attended. 

The control group in the current study was the current standard of care — that which 

would be provided to any patient presenting to any physiotherapy clinic for treatment following 

A C L reconstruction. For that reason, patients were able see the physiotherapist of their choice. 

That approach strengthened the external validity. There was, however, no "placebo" or "no 
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treatment" group to which the absolute effectiveness of the rehabilitation programs could be 

compared. Such a group would not be ethical and would have had no relevance to clinical 

practice as such post-operative care would never be prescribed. 

Questions may be raised about the potential bias of the home patients seeing a "sports" 

physiotherapist experienced in treating A C L patients and working at a university sport medicine 

clinic, compared to the potential for physiotherapy-supervised patients treated by a physiotherapist 

with a more general practice treating A C L patients much less frequently. That potential bias was 

reduced by the use of a standardized rehabilitation program that all physiotherapists followed, 

regardless of clinic location, physiotherapist experience and study group. Additionally, external 

to the control of the researchers, approximately 67% of the physiotherapy-supervised group 

attended the University of Calgary Sport Medicine Centre for their treatment and were treated by 

a therapist equally experienced in working with A C L patients. The remaining patients were equally 

split between those attending physiotherapy outside Calgary and those attending other clinics in 

Calgary. 

In any trial comparing rehabilitation programs, patient compliance to the program is a 

major determinant of outcome. Unfortunately, the objective assessment of patient compliance to 

the level of day-to-day performance of the required exercises was extremely difficult. The 

effectiveness focus of this study meant that compliance was treated as an outcome as opposed to 

a criteria set a priori (efficacy). Patients were told when they were to attend physiotherapy, and 

they were to book their own appointments. Patients were not called or reminded on the day 

before the appointment to ensure that they attended. Attendance of the prescribed number of 
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sessions was the main measure of compliance used in this study. That information was taken from 

the patient reports on the economic evaluation questionnaires, from the attendance sheets 

completed by the physiotherapists treating the physiotherapy-supervised patients, and from the 

patient's physiotherapy chart (patients who attended the Sport Medicine Centre). In that way. 

attendance could be confirmed from more than one source. As expected in an effectiveness trial, 

attendance was not perfect. The mean attendance rates (physiotherapy-supervised = 14.3 

sessions; home = 2.9 sessions), however, were close enough to the prescribed rates and were 

sufficiently different from each other to make a valid comparison of the two programs. 

In many studies of injury and rehabilitation, the assessment of improvement is hampered 

because data on true "healthy" status is not available. Except in special populations (e.g., national 

team athletes) who may undergo serial testing of strength or other outcome measures to monitor 

training, the majority of patients do not have data that represent their "healthy" (i.e., pre-injury) 

state. Therefore, in the majority of patients, rehabilitative improvement can only be compared with 

the non-injured side or to "normal" controls. The comparison to normative data provides little 

information about improvement relative to the individual ' s pre-injury status, it can only provide 

information as to how the patient ranks compared to a population. The use of the contralateral 

side (e.g., contralateral quadriceps strength) as a comparison was more closely linked to the 

patient's pre-injury condition, but that too was limited by the effects of disuse atrophy, reflex 

inhibition, and/or adaptation by the nervous system (47, 176-179). 

The current study compared surgical and nonsurgical limbs for all outcome measures. In 

retrospect, comparison should have been made to contralateral limb strength at both three months 
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following surgery and pre-surgery. The greater of the two contralateral scores (likely the pre

operative assessment) would be the better comparison of deficit. 

When assessing the gait of A C L injured individuals, authors have also noted changes in 

the contralateral side (95,97,100). Beard et al. suggested the presence of a higher level (i.e., 

above the spinal reflex level) nervous system integration that adapts the uninjured side to be 

approximately symmetrical with the injured side. If that was the case, the assessment of 

rehabilitation based on gait recovery or normalization should have used healthy individuals as a 

comparison group instead of the nonsurgical side of the A C L injured patient as was the case in the 

current study. 

Finally, as discussed in Section 5.2.1.4, there were inherent interpretation issues when 

using dichotomous data. The clinically acceptable outcomes for quadriceps (>50% of 

contralateral) and hamstrings strength (> 75% of the contralateral) were derived from a consensus 

of the orthopaedic surgeons and physiotherapists at the University of Calgary Sport Medicine 

Centre, who were accustomed to treating patients post-ACL reconstruction (as were the clinically 

acceptable outcomes for R O M , R O M during gait, and sagittal plane knee laxity). The mean 

quadriceps strength ratios differed by only 2% (PT = 59.7% vs. H = 61.7%) while the proportion 

of acceptable outcomes differed by 9% (PT = 75% vs. H = 84%). The hamstrings outcomes 

demonstrated a similar trend. While these smaller differences in the continuous data (compared 

to the dichotomous data) would not have changed the interpretation of the data (there were no 

significant differences in either case), it demonstrated the fragility of using a single cut-off value to 

determine clinical effectiveness. How would the results have differed, if at all, if the quadriceps 
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acceptable value was 45%, 55%, 60%, 62%, etc.? This study has therefore identified the 

importance of taking the attributes of the chosen outcome measure into account when determining 

the clinical relevance of study outcome, especially given the subjective nature that the current study 

used to determine its clinically acceptable outcomes. 

5.3.2 Cost Comparison 

The current study uniquely studied the economic impact of a limited physiotherapy 

rehabilitation program compared to a standard physiotherapy program in orthopaedics, specific 

to A C L reconstruction. A cost-effectiveness framework was used to assess the impact to the 

whole health care system, and a cost comparison was performed for other viewpoints. The 

viewpoints of the patient, industry, the insurance companies, and society as a whole have 

traditionally not been included. As there were no set budgets for non-health care system 

viewpoints, the associated costs traditionally were accepted at face value, and the current study 

demonstrated ways to decrease the opportunity costs in those viewpoints. 

The cost data for the current study was acquired directly from the patients and their 

treatment records. That acquisition allowed a direct comparison of effectiveness and cost in a 

constant population. The design removed the estimation required in previous studies that combined 

effectiveness results from the index study with cost information obtained from a different sample 

population ( 121,143) or when effectiveness results were aggregated from the published literature 

and cost data were obtained from separate literature or other sources to model cost effectiveness, 

utility, or benefit (137, 141). 
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As is common in economic evaluations, certain assumptions were made. The assumptions 

helped estimate the real world situation as closely as possible given the information available. The 

use of assumptions automatically introduced error, however, the magnitude of which was difficult 

to determine. The estimation of lost wages based on city vs. non-city residence and gender may 

not have been completely accurate. It is unknown if the incidence of A C L injury and A C L 

reconstruction surgery were dependent on socioeconomic status, and that was not assessed in this 

study. 

The treatment of capital costs in an economic analysis has not been standardized. That 

fact was amplified in the present study due to its short duration (3 months). In the current study, 

the home-based patients reported personal costs for the purchase of rehabilitation equipment that 

were twice that of the physiotherapy-supervised patients ($119 vs. $61). Those costs were 

treated as one-off costs (i.e., complete cost of any equipment purchased was included in total cost 

for the 3 months of rehabilitation). In fact, the equipment purchased could have been used by the 

patient well beyond the 3 month study end-point. It could, therefore, have been argued that the 

total cost of the equipment should have been amortized over its functional life span. While this 

analysis would have had to take discounting into effect, the monthly cost (payments) for the 

equipment would have been much less than the one-off cost. Therefore, over the 3 month duration 

of the current study, the total cost for the equipment (i.e., sum of 3 monthly payments) would have 

been less for each group, but especially the home-based group. The difference between the home-

based and physiotherapy-supervised groups in patient-directed cost would have, therefore, been 

much less. This decreased inter-group cost difference would have increased the overall difference 



186 

in patient-directed costs between the two groups, as the home-based group was already less 

expensive when the cost of lost income was excluded. The home-based rehabilitation program 

would have, therefore, produced an even larger cost savings than was reported in the current 

study. 

Another ambiguous situation occurred when assumptions were made regarding the 

opportunity cost to various viewpoints when a patient was off work without pay. The patient was 

at a loss because he or she was no longer gaining income. If the employer replaced the employee, 

then the employer sustained no major loss but would have incurred some loss due to the decreased 

productivity while a replacement was sought and trained to the skill and productivity levels of the 

former employee. The new employee gained by gaining employment and, therefore, income. The 

opportunity cost to society was likely near zero, but that was unknown. The avoidance of double 

counting was also an issue because there were potentially four different viewpoints or stakeholders 

(patient, employer, replacement worker, and society) in that situation. 

As in any situation relying on patient subjective report and memory, recall bias and the 

accuracy of estimating time and money introduced an unknown amount of error into the analysis. 

That was not group dependent and was likely randomly distributed with little overall effect. To 

reduce the effects of recall bias, patients were given the economic questionnaire during the pre

operative education session and were instructed to complete the relevant components of the 

questionnaire on an ongoing basis over the 3 month study period. It remains unknown to what 

extent that ongoing completion method was used. 
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5.4 Recommendations For Future Study 

The current study included a set, short-term end point. Continued success and satisfaction 

is of the utmost importance in orthopaedics, especially for patients undergoing A C L reconstruction 

to improve their condition-specific quality of life. As such, a long-term follow-up study is required 

to determine long term stability, success, and patient satisfaction with a home-based rehabilitation 

program. While it is expected that patients who underwent the home-based rehabilitation program 

will have continued satisfaction at least equal to those who underwent the standard physiotherapy 

program, that needs to be determined. 

When determining rehabilitation progression, comparison to the patient's pre-injury status 

would be optimal, but usually not possible. Future studies should compare strength results 

bilaterally, and also include comparisons to the pre-operative data from the contralateral side. 

While that would not avoid the problem of strength loss or inhibition incurred since the injury, it 

would avoid the post-surgical effects of these variables. 

Attaining accurate controls would also be important for gait monitoring. The comparison 

of future study patients to a large control group of normal subjects could eliminate the effects of 

bilateral adaptation that can occur in A C L injured patients. 

Finally, there are a few recommendations for the future use of an economic evaluation 

questionnaire. The questionnaire should include questions about whether or not the patient was 

replaced while he/she is off work. In combination with information about whether or not the 

patient was off work with or without pay, that would help sort out the questions surrounding the 
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opportunity cost to the employer and to society. Also, a question would be required regarding the 

source of patients' support while they were off work with pay (if appropriate) (i.e., employer paid 

sick leave or vacation leave versus disability or insurance coverage where the employer is not 

directly paying the patients while they are off). Again, such information would assist with assigning 

opportunity cost to the employer or insurance company. 

Finally, a future questionnaire should include a question about individual income (perhaps 

ranged) to avoid the need for using a population mean wage (Calgary vs. all of Alberta, males vs. 

females). Care, however, must be taken to discuss that change with the study patients as the 

completion rate may suffer due to the privacy issues surrounding the provision of personal and 

sensitive socioeconomic information. 

5.5 Conclusions 

In many respects, the outcomes of the current study mirror those of other studies of 

accelerated rehabilitation following A C L reconstruction (10,12,13,49). That correspondence 

of results confirms external validity and generalizability of the study's findings. The study set out 

to determine if there were differences in relevant clinical outcome between a home-based 

rehabilitation program and a traditional physiotherapy-supervised rehabilitation program in the first 

three months following A C L reconstruction. The results demonstrated that there were no 

significant differences between the programs for the return of quadriceps and hamstrings strength, 

peak extension and flexion range of motion during gait, and the maintenance of sagittal plane knee 

stability. The results, however, demonstrated that a significantly higher proportion of patients in 
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the home-based rehabilitation program were able to attain acceptable extension and flexion range 

of motion by the study's end-point of 3 months following surgery. The home-based rehabilitation 

program was, therefore, clinically more effective than the traditional, more supervised program. 

The unique aspect of this research was the addition of an economic evaluation of the two 

rehabilitation programs in parallel with the randomized clinical trial. An economic evaluation of this 

breadth and depth has not been reported in the orthopaedic literature. Funding allocation 

questions were not relevant for the patient, employer, insurance, and societal viewpoints as they 

have no set A C L rehabilitation budgets that could be evaluated for technical or allocative 

efficiency. Nonetheless, cost comparisons revealed that the home-based rehabilitation program 

was either negligibly different or less expensive for all of these viewpoints. 

The issue of the inclusion or exclusion of patient lost income in the patient viewpoint 

remains unresolved. A cost-effectiveness analysis was performed for the health care system 

viewpoint, which established the dominance of the home-based rehabilitation program—it was 

more effective than the current standard of care while incurring a lower cost. That finding could 

be used by health care administrators and clinicians alike to make decisions regarding the support 

of physiotherapy services. Potentially, funding freed by the adoption of a home-based 

rehabilitation program for this population would be used to fund additional physiotherapy sessions 

to either decrease patient wait time for an initial physiotherapy assessment or to increase the 

availability of double sessions to allow for more one-on-one patient education. 

With the current results, the use of a home-based rehabilitation program was shown to be 

a viable option for the rehabilitation of patients following A C L reconstruction in a population of 
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recreational athletes. As stated previously by other authors, the quality and quantity of education, 

both pre-operatively and on an ongoing basis throughout the rehabilitation period, was likely an 

important aspect of rehabilitative success. For success, patients must be motivated and 

empowered to rehabilitate on their own while receiving periodic assessment and education to 

ensure safe and efficient progress. Surgeons and physiotherapists alike are advised to adopt this 

program as the new standard of care. That adoption should be supported and requested by both 

the health region and insurance companies. 

A long-term follow-up study is now required to ensure that the clinical success of the 

home-based patients continues, and that the patients continue to be satisfied subjectively with the 

increase in quality of life afforded them by the A C L reconstruction surgery and ensuing 

rehabilitation. 
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CHAPTER SIX: RECOMMENDATIONS 

6.1 Introduction 

The current study and the experiences associated with the current study have shown the 

definite importance of patient education and the promotion of patient participation in the 

rehabilitation process. Surgeons and rehabilitation therapists need to acknowledge the need for 

more patient education and promote pro-active patient participation. There are many components, 

tools and protocols of rehabilitation used currently that have not been scientifically validated as 

clinically effective. There is a general need for all members of the rehabilitation delivery team to 

take an active role in evaluating the effectiveness and indeed the cost-effectiveness (or cost-

benefit) of these practices. Health care regions/authorities must promote and contribute to the 

evaluation of these practices and programs, the results of which should enable more informed 

decision making. The current study focussed on a particular patient population within the 

orthopaedic rehabilitation scheme. More importantly, however, it has provided a framework upon 

which the evaluation of other rehabilitation programs can be based. It is hoped that other 

rehabilitation clinicians will take up the challenge and bring evidence-based practice to the field of 

rehabilitation. 

Two of the most important aspects of successful rehabilitation following A C L 

reconstruction are patient education and patient motivation. In fact, education drives motivated 

patients to attain optimal outcome. In this way, education is the cornerstone of effective health care 

delivery. Given the importance of proper education, it is imperative that both the patient's surgeon 

and physiotherapist be active participants in the continual education of their patients. Having both 
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the surgeon and physiotherapist actively involved with the education reinforces its importance, 

resulting in better patient compliance. Pre-operative education is required to help patients prepare 

mentally and physically for surgery and the ensuing rehabilitation. The provision of extensive 

patient education also serves as an important empowerment to the patient. This empowerment, 

however, must be paired with a safety net of support and further ongoing education to ensure 

patients remain properly motivated and confident in their pro-active role. 

The delivery of rehabilitation, as with surgical techniques, is in constant evolution. 

Rehabilitation therapists (e.g., physiotherapists, athletic therapists, kinesiologists, and occupational 

therapists) must focus on patient empowerment, acting more as a personal trainer and mentor than 

babysitter. While it is convenient to make this statement theoretically, there is a definite need in 

the rehabilitation profession to evaluate directly the current practices. How much education and 

supervision are required for patients to achieve a successful outcome? The current study 

addresses that issue in the A C L reconstructed population, but that is only a small sub-group of the 

population that requires rehabilitation. The converse of this argument is patient expectation. Do 

patients expect to receive certain types of treatment/therapy/modality when they come to the 

clinic? If so, why? What evidence or supporting information causes that expectation of care? 

Clear scientific evidence, and the promotion of that evidence to the patients is required to ensure 

they have appropriate expectations when commencing a rehabilitation program. 

Many allied health professions have substantial overlap in their scopes of practice (e.g., 

physiotherapists, kinesiologists, athletic therapists, and occupational therapists in musculoskeletal 

rehabilitation). A l l professions, therefore, attempt to hold on to their patient base and justify the 
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importance of their specific set of skills. This may lead to a focus on the delivery of specialized 

services instead of what is ultimately best for the patient. The focus should be on quality 

treatments less often rather than more frequent sessions with less one-on-one time. This should 

generate outcomes that are as, or more successful, in pro-active and empowered patients while 

providing the patients with more freedom and less constraints on their lives. Surgeons are not 

exempt from this situation. Patients generally hold great respect for their surgeon and the advice 

that they give. Therefore, surgeons need to take advantage of this fact by emphatically educating 

their patients about the pro-active role they must play in their own rehabilitation. Finally, patients 

must understand their right, and need to get all the education they can. Patients must be 

encouraged to ask questions when they don't understand, work with the health care team to 

progress through the rehabilitation protocol at an optimal tempo, and be pro-active about learning 

about the surgery, rehabilitation and expected outcomes. In this way, all stakeholders are equal 

participants, responsible for working together to obtain optimal rehabilitative outcomes. 

6.2 Recommendations for the Delivery of Post-ACL Reconstruction Rehabilitation 

Given the outcome of the current study, the following recommendations for the A C L 

rehabilitation protocol are proposed: 

1 ) Continually update the rehabilitation program itself as new scientific information becomes 

available regarding the timing of exercise progression, return to sport-specific drills, and 

return to full activity. 
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2) Pre-operative education should be mandatory for all patients. This education session 

should always be kept up to date and delivered by a knowledgeable and dynamic 

individual - ideally part of the health care team responsible for the A C L reconstruction 

patient population (e.g., physiotherapist, pre-admissions clinic nurse). 

3 ) A pre-operative physiotherapy session with the physiotherapist the patient plans to see 

post-operatively should be mandatory. This allows the physiotherapist to begin to assess 

the likely level of patient compliance, provide additional education and allow the teaching 

of Phase I of the rehabilitation program. This session should occur no more than 2 weeks 

(and ideally 1 week) pre-surgery. 

4) Commence physiotherapy 1 week following surgery. This provides the physiotherapist 

with a second session with which to assess the patient's abilities for a predominantly 

home-based program. The physiotherapist can then suggest a time frame for follow-up 

appointments, ideally following a frequency similar to the home-based program used in the 

current study. This frequency, however, should be flexible to allow an increase or 

decrease in appointment frequency based on an ongoing assessment of patient needs. 

5) The surgeon should also be involved with the ongoing assessment of the patient's 

compatibility with a home-based program. The surgeon and the physiotherapist should 

reassess patient compliance on each follow-up session and should communicate to ensure 

the assessments agree. 

6) The success of a home-based program in this A C L reconstruction, and any, population 

relies on the ongoing empowerment and support of the patient for independent and active 
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rehabilitation. This empowerment and support is reinforced when provided by both the 

surgeon and physiotherapist. 

Given the effectiveness and cost saving results of the current study, under the auspices of 

the above recommendations, an educationally intensive home-based rehabilitation program should 

be adopted for use as the standard of care for recreational athlete patients in the first 3 months 

following reconstruction of the anterior cruciate ligament. 

6.3 Future Directions 

There are two main directions to which the results of the current study may lead: 1 ) the 

expansion and evaluation of home-based rehabilitation programs for other musculoskeletal 

conditions, and 2) the expansion of cost-effectiveness and/or cost-benefit analysis to other current 

rehabilitation protocols. It is not difficult to envision the application of home-based rehabilitation 

programs in non-surgical and/or surgical cases of ankle sprain, M C L / L C L injury, patello-femoral 

pain syndrome (PFPS), acute rotator cuff tear in young active individuals, and to rural patients who 

would otherwise have to drive great distances for physiotherapy. Indeed, there is a trend towards 

this type of limitedly-supervised rehabilitation in ankle sprains and PFPS, but there have been no 

published peer-reviewed trials to date comparing the effectiveness of the limited vs. standard 

physiotherapy programs for these conditions. 

There is a need for powerful, quality research studies to provide quantitative evidence to 

guide clinical decision making. These studies can easily be paired with a cost analysis to provide 

a cost-effectiveness or cost-benefit analysis. Should (potential) cost savings be found through the 
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use of home-based programs, these cost savings could be used to develop quality educational 

materials to further enhance the effectiveness of such rehabilitation programs. However, these 

educational materials and programs must be developed by individuals with clinical experience and 

a background in effective education and communication. Given the current reviews of both 

provincial and national health care policies (131, 132), now is the time for health care 

boards/authorities and the provincial government(s) to place more emphasis on economic 

evaluation of the programs they fund. These economic evaluations should not be used to support 

budgetary cut-backs, but to improve effectiveness and the amount or quality of care that can be 

delivered. 
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T h e U n i v e r s i t y o f C a l g a r y S p o r t M e d i c i n e C e n t r e 

INTRODUCTION 

An information gathering audit was undertaken at the University of Calgary's Sport 
Medicine Centre in order to determine statistics about the costs of current rehabilitation after 
reconstruction of the anterior cruciate ligament (ACL) of the knee. As well, a review of the current 
rehabilitation protocol was required. A chart audit of the patients treated by therapists at the 
University of Calgary's Sport Medicine Centre between August 1,1997 and July 31,1998 was 
performed. 

This audit involved using the Medipac™ system to flag all those patients who met the 
inclusion criteria (as described in the proposal). This list was then used to locate relevant 
physiotherapy charts. These charts were then reviewed and information regarding each patient's 
treatment progress over the post-operative period was extracted. This included the patient's date 
of birth, date of first and last physiotherapy appointment, the number of appointments noted on the 
chart and notes regarding the progression of treatment (when relevant, available and legible). This, 
along with the acquisition of the current outlined rehabilitation protocol, was the basis for the 
protocol and treatment review. 

The Medipac™ system was then used to track the amount billed for each patient and to 
determine the funding party(ies) for each patient. This involved using sections of the Medipac™ 
system to draw information. Under the patient database, both the patient's "Health Record" and 
"Transactions" record was used. The "Health Record" was used to verify the patient's date of 
surgery and the date of the first post-operative physiotherapy appointment. The "Transactions" 
record was used to determine the number of appointments in the post-operative period and the 
funding party for each appointment. Any other costs associated with the rehabilitation (e.g., rubber 
tubing, and physio balls) could also be extracted from this report. Since the Community 
Rehabilitation Program (CRP) funds are allotted by the Sport Medicine Centre for the majority of 
post-ACL reconstruction physiotherapy and all follow-up assessments (i.e., Cybex and KT-2000 
assessments), these appointments were billed as $0.00. However, according to Mr. David 
Lindsay (Head Physiotherapist at the Sport Medicine Centre), these assessments may be double 
or triple billed depending on the extent of assessment. Since the "Health Record" and 
"Transactions" records do not note double or triple billing (just billings for appointments), a review 
of the patient's physiotherapy appointment record was also required. Whenever a follow-up 
assessment was noted, a double or triple billing was recorded accordingly. 

To follow is a summary of the patient demographics, findings from the rehabilitation 
protocol review, and the cost analysis. A section noting some suggestions and problems 
encountered is also included. 

PATIENT DEMOGRAPHICS 
A total of 90 patients (91 cases because 1 patient had two surgeries) were found to meet 

the inclusion criteria for the period August 1,1997 to July 31,1998. This group included 55 males 
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and 35 females. The average age was 28 ± 9 years with a range of 15 to 53 years of age. 

REVIEW OF PROTOCOLS 
For the most part, patients followed the documented Sport Medicine Centre A C L 

Rehabilitation Protocol. This section of the audit relied on therapist's chart notes. In some cases 
it was not possible to determine the exact wording of the notes and for this reason, the following 
information may not be completely accurate. Each patient's chart was reviewed for the post
operative rehabilitation period to determine the patient's progression with respect to the protocol. 
Fifty-seven patient charts held sufficient information for a review of rehabilitation progression. Of 
these 57 patients, 27 progressed according to the protocol and 30 patients progressed in an 
accelerated fashion. Any accelerated progress on the part of the patient was recorded and 
summarized below (Table 1). 

Table 1 : Summary of accelerated progressions in rehabilitation. 
Activity Protocol 

start time 
Mean accel. 
start time 

Mode of 
accel. start 

time 

Range of 
accel. start 

time 

Number 
of accel. 
patients 

% 
total 

patients 
Single Leg 
Balance 

6 wk 3 wk N / A 2 - 4 w k 2 3.5% 

TM walk 
fwd/bkwd 

6 wk 4 wk 4 wk 2-5 wk 22 38.6% 

Wobble 
Board 

6 wk 4 wk 5 wk 3-5wk 8 14.0% 

T M jog/run 12 wk 7wk 6 wk 6- 10 wk 4 7.0% 

ProFitter™ 12 wk 6 wk 6 wk 3 - 10 wk 7 12.3% 

Rebounder 12 wk 7wk 7wk 4- 10 wk 9 15.8% 

Lunges 12 wk 8 wk N/A N/A 1 1.8% 

Slide Board 12 wk 8 wk N/A N/A 1 1.8% 

Drop Squats Unknown 12 wk N/A N/A 1 1.8% 

TM = Treadmill; fwd = forward; bkwd = backward; accel. = accelerated; N/A = there were too few incidences 
to allow a mode or range. 

It should be noted that the "percentage of total patients" referred to in the chart is with 
respect to the total number of patient charts reviewed for rehabilitation progression (n - 57), not 
the total number of patients meeting the inclusion criteria for the audit (n = 90 patients, n = 91 
cases). The table shows that of the patients reviewed, forward and backwards walking on the 
treadmill was by far the activity appearing most often ahead of the protocol schedule. Other 
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activities of interest prescribed earlier than stated in the protocol were the wobble board, the 
ProFitter™ and the rebounder. While the majority of the percentages are low, a question is raised 
about the early use of the treadmill for walking (both forward and backward). Perhaps a more 
generalized move towards using the treadmill before the 6 week period may be an option for 
review by the therapists. This would of course be left to the therapist's discretion on a case by 
case basis. 

COSTS OF REHABILITATION 
Overall, as seen in Figure 1, there was a wide range in the number of physiotherapy 

appointments that patients attended (range was 1 to 30 appointments). The mode of this 
distribution being two appointments and the median being six. As the allotment of CRP funds to 
patients is partially guided by the clinic's policy and partially by the treating therapist, there was a 
wide range in the number of appointments that patients received under the CRP. This allotment 
of funds ranged from one treatment to 29 treatments paid for by the CRP. For those patients who 
continued to pay privately after it was decided that they no longer qualified for CRP funding, the 
number of treatments they received before being cut off also varied from six to eighteen (follow-up 
treatments were still billed to CRP). It is realistic to say that those who have private insurance may 
be delegated to use their insurance, thereby being cut off from CRP funding, much earlier than 
those patients who do not have private insurance and/or who could not afford to continue paying 
for physiotherapy treatments out of their own pocket. For the purposes of this report, a 
"treatment" means one slot billed at $25 to CRP, $26 to the Worker's Compensation Board 
(WCB) and $3 5 to private paying patients. A follow-up assessment may be two or three slots 
depending on the type of assessment (i.e., KT vs. K T and Cybex etc.). 

Figure 1 : Frequency histogram for the number of treatments per patient at the University of 
Calgary Sport Medicine Centre. 

Frequency of Appointments 

5 10 15 20 25 30 

Number of Appointments 



217 

For those patients who decided to pay privately, data was not available to determine 
whether these people actually had third party insurance for reimbursement or they simply paid out 
of pocket. There were nineteen patients who paid for at least one treatment privately. Two of 
these patients had one CRP and one private paid treatment each. Apart from these two outliers, 
the mean number of treatments paid for by CRP before the patient was switched to private pay 
was 13.7 ± 3.8 treatments (median was 15 treatments and range was 6 to 18 treatments). This 
was equal to a mean of 7.7 ± 2.1 weeks of CRP treatments (median/mode = 7, range = 4 to 13.5 
weeks). There was no correlation between the number of treatments and number of weeks in this 
group. The following table (Table 2) describes the ratios of patients with respect to how their 
complete post-operative treatment was paid for. 

Table 2: Funding source frequency (n = 91 because one patient had two surgeries) 
Funding Source Ratio of patients to total Percentages 
CRP only 71/91 78% 

CRP + Private Pay 17/91 19% 

CRP + Private Pay + Direct 3 r d Party 1/91 1% 

CRP + Private Pay + WCB 1/91 1% 

CRP + W C B 1/91 1% 

The mean cost per patient for their complete treatment was $275.86 ± $225. 14 ( x ± SD) 
with a median cost of $200.00 and a mode cost of $ 100.00. The cost of total treatment ranged 
from $25.00 to $975.00. There was a large range in the cost of this type of rehabilitation. It must 
be noted that some patients would have only attended the Sport Medicine Centre for follow-up 
assessments. These patients may have performed the majority of their rehabilitation at home or 
at other physiotherapy clinics. Indeed, from the chart audit it was noted that a number of the 
patients lived outside of Calgary. The following table (Table 3) shows the costs of physiotherapy 
treatments for the 91 cases treated between August 1, 1997 and July 31, 1998. 

Table 3: Total costs of treatment by funding parties (n = 91). 
Funding Party Amount Billed Percentage of Total 

CRP $22,225.00 88.5% 

Private Pay $2,765.00 11.0% 

Direct 3 r d Party Pay $35.00 0.1% 

WCB $78.00 0.3% 

Revenue $25,103.00 100% 
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This table shows that over 88% of the cost for rehabilitation after anterior cruciate ligament 
reconstruction is borne by public funding. It is unknown from the information available what 
percentage was paid for by health insurance and what percentage by the patients themselves (total 
of 11%). 

There are other associated costs to the patient not covered by the CRP or most insurance 
companies. These include costs for elastic tubing for home exercise, gym or fitness centre 
memberships, information booklets, and other home exercise equipment. At the Sport Medicine 
Centre, 24 of 90 patients bought elastic tubing for home exercise at an average cost of $5.63 per 
patient (range $2.50 to $ 12.00). One patient bought an exercise ball ($40) and another patient 
bought an information booklets on arthroscopy (3 x $3 = $9). 

SUGGESTIONS I PROBLEMS 
1. Therapists and surgeons should consider modifying the existing protocol to account for the 

earlier use of treadmill walking (i.e., four weeks post-op). 
2. The documentation of visits to the physical therapists should be more consistent. There 

were discrepancies between the Medipac™ billing system, the health record and the 
physiotherapy appointment records. 

3. There was a wide range in the number of physiotherapy covered by the Community 
Rehabilitation Program. Guidelines should be developed for the length of time (in weeks) 
or the number of appointments that patients should receive these guidelines should include 
the following conditions : 1 ) whether a patient has health insurance or not, 2) whether or 
not the patient is progressing on, ahead or behind schedule, and 3) whether or not it is felt 
that patients are knowledgeable and skilled enough to carry out a greater amount of their 
rehabilitation on their own. By devising these guidelines, patients not needing CRP funding 
(or as much funding) would make available more CRP funding for those A C L 
rehabilitation patients or other types of patients who do need more. 
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T h e L i n d s a y P a r k S p o r t s P h y s i o t h e r a p y C l i n i c 

INTRODUCTION 

An information gathering audit was undertaken at the Lindsay Park Sports Physiotherapy 
Clinic (a division of Calgary Sports Physiotherapy) in order to determine statistics about the current 
costs of rehabilitation after reconstruction of the anterior cruciate ligament (ACL) of the knee. As 
well, a review of the current rehabilitation protocol was performed. A chart audit of the patients 
treated by therapists at the Lindsay Park Sports Physiotherapy Clinic physiotherapy who had 
surgeries between January 1, 1997 and December 31, 1997 was performed. 

A list of patients who underwent A C L reconstruction surgery in 1997 was obtained from 
the office of Dr. Penner. The Lindsay Park Sports Physiotherapy Clinic's computerized patient 
database was used to extract the demographic, attendance, and billing information required for this 
audit. Information with respect to the number of appointments, number of slots billed and the 
funding parties was recorded, as was any other additional costs of rehabilitation billed to the 
patient. To follow is a summary of the patient demographics and the cost analysis. 

PATIENT DEMOGRAPHICS 
A total of 44 patients were found to meet the inclusion criteria for the period January 1, 

1997 to December 31,1997. This group included 31 males and 13 females. The average age 
was 29 ± 6 years with a range of 16 to 39 years of age. 

COSTS OF REHABILITATION 
Overall, as can be seen in Figure 1, there was a wide range in the number of physiotherapy 

appointments that patients attended (range was 1 to 48 appointments). The mode of this 
distribution being 31 appointments and the median being 27. As the allotment of Community 
Rehabilitation program (CRP), CRP funds to patients are partially guided by the clinic's policy and 
partially by the treating therapist, there was a wide range in the number of appointments that 
patients received under the CRP. This allotment of funds ranged from one treatment to 40 
treatments paid for by the CRP. For those patients who continued to pay privately after it was 
decided that they no longer qualified for CRP funding, the number of treatments they received 
before being cut off also varied from four to 35 (follow-up treatments were still billed to CRP). 
It is realistic to say that those who have private insurance may be delegated to use their insurance, 
thereby being cut off from CRP funding much earlier than those patients who do not have private 
insurance and/or who could not afford to continue paying for physiotherapy treatments out of their 
own pocket. For the purposes of this report, a "treatment" means one slot billed at $25 to CRP, 
$26 to WCB and $40 to private paying patients. A follow-up assessment may be billed as two 
slots depending on the type of assessment. 
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Figure 1 : Frequency histogram for the number of appointments per patient at the Lindsay Park 
Sports Physiotherapy Clinic. 
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For those patients who decided to pay privately, data was not available to determine 
whether these people actually had third party insurance for reimbursement or whether they simply 
paid out of pocket. There were 25 patients who paid for at least one treatment privately. The 
mean number of treatments paid for by CRP before the patient was switched to private pay was 
18 ± 7 treatments (median was 16 treatments and range was 4 to 35 treatments). 

The following table (Table 1 ) describes the ratios of patients with respect to how their 
complete post-operative treatment was funded. 

Table 1: Funding source frequency (n = 44) 
Funding Source Ratio of patients to total Percentages 
CRP only 18/44 41% 

CRP + Private Pay 24/44 55% 

CRP + Private Pay + Direct 3 r d Party 1/44 2% 

CRP + WCB 1/44 2% 

The mean cost per patient for their complete treatment was $690.41 ± $347.08 ( x ± SD) 
with a median cost of $712.50 and amode cost of $50.00. The cost of total treatment ranged 
from $25.00 to $1345.00. The mean cost per patient as paid for by CRP funding was $507.95 
±$271.08 with a median cost of $475.00 and a mode of $3 50.00. The range in CRP allotment 
per patient was $25.00 to $1000.00. There was a large range in the cost of this type of 
rehabilitation. It must be noted that some patients would have only attended the Lindsay Park 
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Sports Physiotherapy Clinic for follow-up assessments. These patients may have performed the 
majority of their rehabilitation at home or at other physiotherapy clinics. The following table (Table 
2) shows the costs of physiotherapy treatments for the 44 patients treated between January 1 and 
December 31, 1997. 

Table 2: Total costs of treatment by funding parties (n = 44). 
Funding Party Amount Billed Percentage of Total 
CRP $22,350.00 73.6% 

Private Pay $6,760.00 22.3% 

Direct 3 r d Party Pay $40.00 0.1% 

WCB $1228.00 4.0% 

Revenue $30,378.00 100.0% 

This table shows that approximately 74% of the cost for rehabilitation after anterior 
cruciate ligament reconstruction was borne by public funding. It is important to note that the 
amount billed to the WCB was for one patient. It is unknown from the information available what 
percentage was paid for by health insurance and what percentage by the patients themselves (total 
of 22.3%). 

There are other associated costs to the patient not covered by the CRP or most insurance 
companies. These include costs for elastic tubing for home exercise, gym or fitness centre 
memberships, information booklets, and other home exercise equipment. At Lindsay Park, a 
supervised exercise environment is available vvithin the clinic. For those patients who do not have 
fitness memberships elsewhere or otherwise chose, they may use this supervised equipment for 
their rehabilitation at a cost of $50 per month. Eight patients of 44 utilized this service at an 
average cost of $100 (range $50 to $200). Elastic tubing was bought by one patient ($4). 
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knee joint. The other two main ligaments of the knee are the Medial Collateral Ligament (MCL) 
and the Lateral Collateral Ligament (LCL). The main purpose of the A C L is to control the amount 
of rotation between the tibia and femur and to control the tibia from sliding to far forward under 
the femur. Thus, if the A C L is damaged, the knee will be unstable when planting the foot of the 
injured leg and pivoting, causing the knee to buckle and give way. The A C L also works with the 
PCL to control the gliding and rolling of the tibia on the femur during normal extension 
(straightening) and flexion (bending). 

The menisci, commonly known as 'knee cartilage', are a pair of crescent-shaped discs of 
white fibrous tissue that act as a spacer between the femur and the tibia. The menisci act as shock 
absorbers and increase the area of contact between the bones, contributing to stability. Articular 
cartilage is the other type of cartilage in the knee, and most other joints, that covers the contact 
ends of the bones. The articular cartilage is very smooth, shiny and slippery which is why normal 
joints move so effortlessly. If the articular cartilage is damaged, then the roughened cartilage 
increases the amount of friction between the bones and stiffness, pain, swelling or 'catching' may 
result. The A C L , PCL, M C L and LCL, along with the j oint capsule, medial and lateral menisci 
and the various muscles surrounding the joint, work together to provide stability and control 
movement in the knee joint. Figure 1 shows the location of each of these ligaments, bones and 
cartilage. 

-—-Patella--^ 
•Articular cartilage 

•Meniscus 
L C L — 

•Femur 

Fibula-

Tibia 

PCL 
A C L 

M C L 

Figure 1: Anatomy of the knee joint (right knee). 
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How is the ACL injured? 

Most A C L injuries occur from a twisting motion of the knee with the foot firmly planted. 
The rotational force of the body twisting over the fixed limb is sufficient to focus a damaging 
rotational force on the knee. Injuries may occur with any combination of twisting, landing from a 
jump or a sudden change in direction. In most cases contact with another athlete is not necessary 
to cause an A C L injury. However, in some instances the application of an external force to the 
knee by such a contact may be the cause. This type of trauma may involve numerous structures 
of the knee. Now that you have been through the surgery and reconstruction process, it is 
important to be aware of the ways the A C L can be injured so that in the future you can avoid them 
as best you can. 

Important Muscular Stabilizing Structures 

Muscles, like the majority of human tissues, are dynamic in that they react to the amount 
of stress placed on them. With a decreased amount of stress (e.g., immobilization, protection, 
nonweightbearing) the muscles weaken and atrophy (waste away). With increased stress (e.g., 
weightbearing, exercises), the muscles react by growing (hypertrophy) and getting stronger. The 
trauma of surgery and the post-surgical protection of the knee joint will lead to muscle weakening 
and atrophy throughout the whole leg, not just directly surrounding the knee. For this reason, the 
exercises in this program will concentrate on three major muscle groups in the leg. These will 
include those that control the movement of your ankle (calf muscles), the movement of your knee 
(quadriceps and hamstrings muscle groups), and the movement of your hip (hip adductor, hip 
flexor, hip extensor, and hip abductor muscles). 

The four main movements of the hip that this program will concentrate on include: 1 ) hip 
adduction - moving the leg towards the midline of the body using muscles in the groin and on the 
inside of the thigh, 2) hip abduction - moving the leg away from the midline of the body using the 
muscles on the outside of the hip and thigh, 3) hip flexion - moving the leg forward and up towards 
the chest using the muscles on the front of the leg/hip, 4) hip extension - moving the leg backwards 
using the muscles on the back of the thigh and the buttock (gluteal) area. 

The muscles on the front and back of the thigh are responsible for extending (straightening) 
and flexing (bending) the knee. The main extensors of the knee joint are part of the quadriceps 
muscle group. This group includes the rectus femoris, vastus medialis, vastus lateralis and vastus 
intermedius (Figure 2). The vastus intermedius lies beneath the rectus femoris and is therefore not 
shown in Figure 2. The hamstrings group is mainly responsible for flexing the knee. The three 
muscles in the hamstrings group are the biceps femoris, semitendinosus and semimembranosus 
(Figure 3). 
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m.tensorlasclae 
lataa 

m. rectus fsmoris 

m. vastus lateralis 

m. adductor longus 

m. gracilis 

m. sartorlus 

m. vastus medlalis 

m. adductor magnus 

m. semitendinosus 

m. semimembranosus 

m. gastrocnemius 

m. gluteus maxlmus 

m. biceps fsmoris 

m. gastrocnemius 

Figure 2: Anatomy of the quadriceps group. Figure 3: Anatomy of the hamstrings group. 

The muscles in the calf region work to point your 
toes (plantarflex). The gastrocnemius and soleus muscles 
are located on the back of your lower leg and are mainly 
responsible for plantarflexion of the ankle (Figure 4). 

rn. gastrocnemius 

Figure 4: Anatomy of the calf region. 

m. gastrocnemius 

The Purpose Of ACL Reconstruction Surgery 

By injuring your A C L , your knee is now missing part of the structures that are required for 
stability. This is why you may have experienced episodes of ' giving way', 'popping out', ' sliding 
out' or a general lack of confidence in your knee. Without an A C L , your knee is less stable and 
therefore more likely to move in unnatural ways. These movements, if allowed to continue, may 
cause damage to the menisci, the articular cartilage, or the other structures in the knee. This may 
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lead to chronic pain, swelling, and other arthritic changes, not to mention the permanent restriction 
of certain activities that you enjoy. 

The purpose of A C L reconstruction surgery is to replace the A C L and therefore regain 
the lost stability. While this surgery results in an improvement in stability for approximately 85% 
of patients, reconstruction will not perfectly replace your native A C L . Your surgeon will take a 
tendon or part of a tendon (called the graft) from the front or side of the knee and insert it into the 
knee joint in such aposition as to replace the damaged ligament. The middle Vb of the patellar 
tendon with a small piece of bone at each end is the most common graft used (other grafts include 
the hamstring tendons or occasionally a tendon from another donor). This graft will be harvested 
through an incision on the front of the knee. Your surgeon will use an arthroscope (fibreoptic 
camera) to view, clean and prepare the inside of your knee. A drill will then be used to place holes 
in your tibia and femur. These holes are placed at the attachment sites of the original A C L . 
Therefore, when the graft is pulled through the drill holes and into the knee, it will be placed in the 
same position as the original ACL. After pulling the graft through the drill holes and into the joint, 
the graft is then held in place with screws. Fastening the graft in this manner allows new blood 
vessels to grow into the transferred graft and healing to occur. See the following figure (Figure 
5) for pictures of the surgery process. 

Figure 5 : Removal of graft (central Vz of the patellar tendon), drilling of the tibial and femoral 
tunnels, and placement of the graft in the tunnels replacing the injured A C L . A right knee is 
depicted. 

General Overview of the Rehabilitation Program 

The following rehabilitation program contains four phases that extend over the first three 

months after surgery. The four phases are: 1 ) the first week after surgery, i.e., day of surgery until 
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you see your surgeon after approximately 7-10 days, 2) 10 days to the end of 3 weeks post-

surgery; 3)4 weeks to the end of 6 weeks after surgery; 4) 7 weeks to the end of 12 weeks after 

surgery. At the end of 12 weeks after surgery, you can discuss with your surgeon and 

physiotherapist what additional rehabilitation is required. You can expect to continue your 

rehabilitation on a less intensive scale for another three to nine months and you should continue to 

be active for the rest of your life. 

Try to plan a time period each day over the next twelve weeks to perform these exercises. 

In Phase II you may be performing exercises a couple of times per day. Daily activities can be split 

up over the day if you wish or can be performed at one time. The daily performance of the 

prescribed exercises is more important than when over the day they are performed. Remember 

to follow your body's lead. Do not continue exercises that cause pain, especially if it lingers after 

you stop or if your knee starts to swell significantly. If this happens, reduce the intensity of the 

exercise or the number of repetitions. If this still causes discomfort, stop the exercise for a couple 

of days and then try again, starting off slowly. 

At the beginning of each phase of the program are a number of goals. These state the main 

focus of the program in that stage. That is not to say that other parts of the program are not 

important, only that these are the areas of focus. Other aspects of the program that will be 

addressed include: 

1. Wearing of your splint 

2. Weightbearing status 

3. Icing 

4. Range of motion (ROM) - i.e., joint mobility 

5. Stretching 

6. Strengthening of various muscle groups 

7. Proprioception (i.e., the coordination of the nervous and muscular systems) 

8. Functional activities (e.g., walking, stairs, and complex movements) 
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This is a progressive program aimed to increase the types of exercises and the intensity of 

exercises in coordination with the healing of your new A C L and your knee. It is very important 

to follow the progression outlined in this program. Advancing too fast may result in irritation of 

your knee, stretching of your new A C L or a rupture of the new graft. On the other hand, not 

progressing, especially with your range of motion exercises, may result in additional pain, loss of 

range of motion, a delay in a return to activities, additional surgery to help free up your knee 

motion, or occasionally permanent knee stiffness or pain. Physiotherapy appointments should be 

scheduled at the end of each phase so that your physiotherapist can determine your ability to move 

on to the next phase. It is very important that you DO NOT progress to the next phase without 

discussing this with your physiotherapist. They will help decide whether or not it is safe for you to 

start the next phase of the rehabilitation program. 

Graphics displayed throughout this Home Exercise and Education Booklet were supplied from 
various sources and are copyrighted. ©Southern California Orthopedic Institute; ©VHI, 1990; 
©PTEX Systems, 1988-1998; © Houston & Campagna, 1985. 
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PHASE T 
D a y O f S u r g e r y T o 7 - 1 0 D a y s A f t e r S u r g e r y 

H o s p i t a l I n i t i a t e d R e h a b i l i t a t i o n P r o t o c o l 

1. Obtain and maintain a 0°- 90° range of motion (active flexion) 
2. Gain and/or maintain a passive straight knee. 

NOTE: Ensure there is no active quadriceps work or straight leg raising. 

S P L I N T : 

• Splint to be worn at all times except for range of motion and strengthening exercises (and 
showering). 

W E I G H T B E A R I N G : 

• Weight bearing as tolerated with splint and crutches - start about 50% and increase as 
tolerated. 

I C E I E L E V A T I O N : 

Cryo/Cuff™ applied immediately after surgery and used 20 minutes every second waking hour 
(preferably every hour), especially after exercises. Operated knee should be elevated when icing 
and at rest. 

R A N G E O F M O T I O N ( R O M ) : 

A l l R O M exercises should be performed at least 5x/day. 
Extension: • Heel over roll: In lying, place a roll beneath your ankle to PASSIVEL Y 

stretch the knee into extension. Start with 2 minutes at a time, working up 
to 2-5 minutes as long as you are pain free (Figure 6). 

Figure 6: Heel over roll stretch. 
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Flexion» Perform flexion exercises slowly, holding for 5-10 seconds. 5-10 reps 
• Heel slides : Start in a lying position with both legs fully extended, gently 

pull the heel of your operated leg towards your buttock . Use the 
opposite leg to straighten the knee (DO NOT actively straighten your 
knee) and repeat. You may use a belt/strap to assist with bending your 
knee (Figure 7). 
In sitting, gently pull your involved leg back, supported with the good leg, 
until you feel a stretch, then hold for 5 seconds. Relax. Then with the 
good foot underneath the operated leg, use your good leg to passively 

sitting. 

Figure 7: Heel slides. 

S T R E N G T H E N I N G : 

A l l strengthening exercises should be performed at least 5x/day. 
Active knee flexion: 

o Lying on your stomach, bend your knee to raise your lower leg off the surface, 
then slowly lower your leg controlling this movement with your other leg. Avoid 

Figure 9: Active hamstrings contraction lying on your stomach. 
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PHASE IT 
1 0 D a y s T o T h e E n d O f 3 W e e k s A f t e r S u r g e r y 

GOALS I 
1. Maintain knee extension at 0 0 . 
2. Range of Motion: 0°- 110° by week 2, 0°- 115° by week 3. 
3. Full weightbearing without crutches by 2 weeks after surgery wearing splint (see below). 
4. 2 sets of 10 reps seated hamstring curls with tubing. 
5. 1 set of 15 reps lA single leg squats. 
6. Return to activities of daily living (ADLs) such as short durations of cooking, self-care and 

light cleaning 

W E I G H T B E A R I N G : 

• Progress towards full weightbearing (FWB) (i.e., walking without crutches). This may vary 
depending on pain level, quadriceps control and functional ability (e.g., the ability to walk 
up/down stairs). In order to stop using crutches, you must be able to walk without a limp 
while using crutches (i.e., you must be able to fully weightbear on the operated leg without 
compensation). If you have also had a repair to your meniscus you may need more time 
before full weightbearing. 

• Work on normalizing walking pattern: heel-toe fashion. 

I C E : 

• Monitor and control swelling 

• Use ice and/or compression after exercise and as required (10-15 minutes per session) 

S P L I N T : 

• Splint can be taken off at night for sleeping after checking with your surgeon at 7-10 days 
post-surgery. 

R A N G E O F M O T I O N ( R O M ) : 

• R O M exercises should be performed AT LEAST 2x/day, 2-3 reps, holding for 5-20 
seconds 

• To increase/maintain extension: 
o Heel over roll stretch and hold (see description in PHASE I - Figure 6) 
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• To increase flexion: 
o Wall slides : Lie on the floor or a bed that has one end against the wall. Your feet 

should face the wall. Place your feet on the wall with your knees almost straight. 
Slowly allow your heels to slide down the wall, causing your knees to bend. Use 
your nonoperated leg to return the operated leg to the starting position (Figure 
11). 

o Heel slides (heel to buttock in long sitting/lying): See description in PHASE I 
(Figure 7). This exercise can also be performed lying on your stomach. At this 
stage it may be necessary to use a belt/strap to assist your hamstrings in bending 
the knee as far as comfortably possible. 

o Sitting knee flexion (use hand, towel, tubing or opposite leg to assist): In sitting, 
see description in PHASE I (Figure 8). 

Figure 11: Wall slides. 

STRETCHING: 
• 2-3 reps holding for 5-20 seconds, 2x/day 
• Hamstrings stretch lying on your back (use towel/belt/strap to hold ankle): Figure 12. Lie 

on your back, keeping your knee straight, lift your leg up until your feel a stretch in the 
back of the thigh, hold and then slowly lower the leg. Alternate legs. 

• Prone hangs : Lie on your stomach with your knees approximately 2 inches off the end of 
the bed, slowly allow your operated knee to straighten and then hang pain free in a 
straightened position (Figure 13). 

• Gastroc/soleus stretch (calves) - with a towel (Figure 14a) or standing (partial 
weightbearing - Figure 14b). Stand facing a wall. Lean against the wall first with your 
operated leg forward and knee bent. Straighten the non-operated leg behind you. 
Keeping a straight line from heel to head, stretch out the calf muscles, ensuring that BOTH 
heels stay on the floor. Hold, then repeat with the operated leg. Start with partial 
weightbearing on your operated leg and increase weightbearing as tolerated. Ensure that 
you DO NOT HYPEREXTEND your operated knee. 
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Figure 12: Hamstrings stretch. Figure 13: Prone Hangs 

Fig. 14a: Towel calf stretch Fig. 14b: Standing calf stretch. 

STRENGTHENING: 
Within each exercise group start with the first exercise and add the exercises in the listed order as 
tolerated. Monitor discomfort and swelling both during and after exercise. Exercises should be 
performed AT LEAST 2x/day. 

Hamstrings: 
• Progressive Resistance Exercises (PREs) in sitting: Curls with tubing (Figure 15) or 

opposite leg (Figure 8) for resistance. 2 sets of 5-10 reps. As in PHASE I you can use 
your opposite leg for resistance or attach tubing to a secure low level support (e.g., 
approximately mid shin height) and around your ankle. Place a towel under your foot so 
it slides easier. Use your non-operated leg to extend your operated knee, then use your 
hamstrings to bend your knee. Return to the starting position and repeat. BE CAREFUL 
(i.e., AVOID!!) of sudden terminal knee extension. 

Figure 15: Hamstring curls with tubing while 
sitting. 
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Quadriceps: 
• Weight shifting progressing from using some support to unsupported: Figure 16. Stand 

without your brace, slowly weight shifting from your nonoperated to your operated leg. 
As tolerated, increase the amount of weight supported through your operated leg. 

NOTE: With all double leg squats, concentrate on equal weight bearing. 

• Start with lA double leg squats (Figure 17) progressing to lA single leg squats (Figure 18) 
as tolerated (use support as required, range 0° - 40° maximum). 1 set of 10-20 reps, 
increase reps as tolerated. Work up to performing squats without constant support. 

• lA double leg squat with a ball between the knees: Figure 19. Squeeze the ball throughout 
the squat movement. 1 set of 20 reps, increase reps as tolerated. 

Fig. 16: Weight Fig. 17: % double leg Fig. 18: lA single leg Fig. 19: V* squats 
shifting squats squats with ball 

Hip/Gluteals: 
• Standing: abduction , adduction , extension - use tubing. 1 set of 5-10 reps. 

o Place tubing around your thigh just above the knee and around another secure, 
thigh level object (e.g., door knob etc.). Ensure that your knee stays slightly  
bent throughout all exercises. 

o Perform these exercises with your operated leg only. 
o Abduction: Figure 20. Stand so that you are perpendicular to the door knob with 

your supporting leg next to the door. Start with both legs together then move 
operative leg away from the midline of your body as in the picture. S L O W L Y 
return to the starting position and repeat. You should feel the muscles on the 
outside of your hip working. 
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o Adduction: Figure 21. Set up is the same as for Abduction except you stand 
such that the leg attached to the tubing is next to the door. Start with legs spread 
apart and move your leg towards the midline of your body and across the 
supporting foot. SLOWLY return to the starting position and repeat. You should 
feel the muscles on the inside of your hip (i.e. in your groin) working. 

o Extension: Figure 22. Face the door. Start with legs together, then move the leg 
attached to the tubing backwards using the muscles in the back of your thigh and 
in your buttocks. S L O W L Y return to the starting position and repeat. Do not 
arch your back. 

Figure 20: Hip abduction Figure 21: Hip adduction Figure 22: Hip extension 

• Bridging: Figure 23. Lie on your back on the floor. Bend your knees to 45 ° and have 
your arms at your sides. Use the muscles in your buttocks and the back of your thighs to 
lift your buttocks off the floor. Tighten your abdominal muscles for support. Hold for 10 
seconds and return. Repeat 5 times as long as there is no pain in your knee. 

Figure 23: Bridging. 

© John A. Grant - University of Calgary Sport Medicine Centre. 1999 



239 

Calves: 
• Calf raises: Figure 24. Start by using both legs (bilateral) 

while using support, then one leg at a time (unilateral) with 
support, then bilateral without support. Keeping your toes 
pointed straight ahead, use your calf muscles to go up on your 
toes, bringing your heels off the ground. Ensure a slow, 
controlled movement both up and down. Progress from 1 set 
of 20 to 50 reps. 

Figure 24: Calf raises 

PROPRIOCEPTION: 
• Practice AT LEAST 2x/day for at least 5 minutes per 

session. 
• General balance activities - practice standing on one leg (the 

reconstructed one), have support near as required. Figure 
25. 

• Standing on one leg progress from looking down, to looking 
away, to performing an arm swing and then swinging the 
opposite knee. Figure 25. 

• Progress further by performing these activities with your 
eyes closed. 

Figure 25: One legged stance. 
ADDITIONAL OPTIONS: 
The following options are not part of the main program. They may be added by your 
physiotherapist at their discretion. Should you want to start any of these activities on your own, 
ensure that you are fully aware of how to perform them correctly and safely. The descriptions are 
not included here in this booklet. 
• Stepper I StairMaster: 

• Progress slowly, use only small excursions (i.e., small step height), increase time 
as tolerated. 

• Stepping should be performed initially in sitting, progressing to standing 
• Stationary Bike: 

• Lower seat to assist with regaining R O M 
• Start slowly backwards, then forwards, gradually increase the time to 20 minutes 

as tolerated 
• Increase workload with short (i.e., 30 - 60 seconds) intervals as tolerated 

• Treadmill: 
• Start forward treadmill walking, progress to backward treadmill walking 
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PHASE TIT 
4 - 6 W e e k s A f t e r S u r g e r y 

1. Improve proprioception and balance. 
2. R O M : 0° - 120° by 4 weeks, 0° - 130° by 6 weeks. 
3. Aerobic activity 20-30 minutes per day. 
4. Increase quadriceps, hamstrings and gluteal strength - you should be able to perform sets 

of 20 V3 single leg squats by 6 weeks. 

WEIGHT BEARING: 
Full weight bearing 

ICE: 

After exercise/activity and as required to control swelling 

R O M : 
• Attain and maintain goals. 
• Use previously described R O M exercises as required, AT LEAST 2x/day. Figures 6, 

7,8,11. 
STRETCHING: 
• 2-3 reps, hold for 20 seconds, l-2x/day 
• Quadriceps - R O M flexion exercises as previously described. Figures 7, 8,11. 
• Standing knee flexion: stand with support and bend your knee from a straightened position 

(maintain a pelvic tilt throughout) - hold foot with hand or rest on a table as shown 
(Figure 26). 

• Hamstrings stretch in supine (use towel/belt/strap to hold onto ankle) as previously 
described (Figure 12). 

• Gastroc/soleus - in standing, partial weightbearing progressing to full weightbearing (as 
previously described - Figure 14b). 
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Figure 26: Standing quadriceps stretch 

STRENGTHENING: 
You should perform strengthening exercises AT LEAST 1 x/day. The exercises performed at each 
session can be alternated for variety. 

Hamstrings: 
• 2-3 sets of 10-15 reps. 
• Curls in sitting with tubing. Figure 15. 
• Curls - standing (Figure 27) or lying face down (Figure 28) (tubing attached to ankle): 

Attach one end of the tubing securely at heel height and attach the other end to your ankle. 
Lie on your stomach and actively bend your knee towards your buttocks as far as you 
can. Then S L O W L Y return to the starting position and repeat. Maintain pelvic tilt 
throughout. 

Figure 27: Standing hamstring curls. Figure 28: Hamstring curls lying on your 
stomach. 

Quadriceps: 
• Single leg % squats progressing to single leg Va squats (progress to 20 reps x 5 sets/day): 

As described previously (Figure 18), squat deeper but not beyond 90 degrees. 
• Increase the resistance of double leg squats with hand weights or tubing: You can hold 

hand weights (dumbells, plastic bottles filled with water or sand) in your hands or place the 
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tubing under both feet and hold it in your hands (Figure 29). Adjust the tension 
of the tubing so that you are stretching the tubing as you push upwards. 

Figure 29: Double leg squats with tubing as resistance. 

• Step-ups : forward/backward/lateral at graduated heights starting at 4" and increasing to 
6"+. 20 reps each direction, increase steps as tolerated. Figures 30 & 31. 

Figure 30: Lateral step-ups. Figure 31: Forward set-ups. 

Hip/G luteals: 

• Standing abduction/adduction/extension with tubing (ensure knee is flexed slightly 
throughout). 2-3 sets of 10-15 reps. Figures 20,21, 22. 

• Bridging - as previous described but try to alternate raising knees. Figure 32. 

Figure 32: Bridging while lifting alternating knees. 
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Calves: 
• Double leg to single leg calf raises without support. Progress from 20 to 50 reps 

performing 2-3 sets per day. As in Figure 24 but use one leg without support. 
W A L K I N G : 
• Over ground, increase the speed of straight, flat walking 
PROPRIOCEPTION: 
• Perform A T L E A S T 2 sets of 5 minutes daily 
• Start with the first exercise, progressing to the others in the order listed below, as you are 

able. 
• Weight shifting forward/backwards/laterally. Figure 16 
• DO NOT perform proprioception exercises in socks - use either bare feet or sneakers 

to avoid slipping. 
• Continue with balance exercises while standing on your operated leg (Figure 25): 

o perform arm circles in both directions 
o raise your non-operated knee and swing it back and forth 
o alternate leaning your upper body forward, backwards and to each side while 

maintaining your balance 
ADDITIONAL OPTIONS: 
The following options are not part of the main program. They may be added by your 
physiotherapist at their discretion. Should you want to start any of these activities on your own, 
ensure that you are fully aware of how to perform them correctly and safely. The descriptions are 
not included here in this booklet. 
• The multihip machine can also be used for hip adduction, abduction and extension 

exercises. Ensure the resistance from the machine is applied above the knee and the knee 
is kept flexed throughout. 

• Leg Press: 0°- 60°, progress to single leg 
• Hip Sled or Jumper (a.k.a. leg press machine with elastic cords). 
• Ankle plantar flexion/dorsiflexion/inversion/eversion with tubing or other device. 
• Toe presses 
• Stationary Biking: 

• Low to moderate intensity as tolerated 
• Moderate speed 
• Increase time to 20-30 minutes 
• Work on R O M , strength, and endurance 

• Stepper: 
• Progress with endurance, time should increase to 20-30 minutes 
• May perform intervals of 45-60 seconds with an equal amount of rest 

• Start walking with the treadmill elevated and progress by increasing the speed of walking. 
• Pool: 

• Pool walking program: forward/backward/laterally 
• At 5 -6 weeks add flutter kick either at the side of the pool or with a flutter board 
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PHASE ÏV 
7 - 1 2 W e e k s A f t e r S u r g e r y 

1) Full R O M (0° -130°+, should be equal to opposite leg) 
2) Increase endurance - 40 minutes of aerobic activity 5x/week. 
3) Achieve normal heel-toe walking pattern 

4) Improve proprioception - able to perform 10 squats on the wobble board. 

ICE: 
• After exercises/activity and as required to control swelling 
R O M : 
• Attain goals, use previously described exercises as required. 
STRETCHING: 
• Hold 20 seconds, 2-3 reps daily. 
• Quadriceps: As previously described (Figures 7,8,11) 
• Hamstrings: As previously described (Figure 12) 
• Gastroc/soleus: As previously described (Figure 14b) 

STRENGTHENING: 
You should perform A T L E A S T 4-7 strengthening sessions per week. Exercises can be 
alternated between the sessions for variety. Within each exercise group start with the first exercise 
and add the exercises in the listed order as tolerated. 

Hamstrings: 
• Progressive resistance curls with tubing (3 sets of 15 reps) - Lie on your stomach - Figure 

28. 

• Increase speed of contraction. 

Quadriceps: 
• Continue with single leg Vb squats progress to 5 sets of 20 (Figure 18). 
• Progress to Vb single leg squats using hand weights or tubing for extra resistance, progress 

to 1 minute per set and 6 sets with 1 minute rest between sets (combine Figures 18 & 
29). 

• Continue with step-ups to 6" height then increase height as tolerated (Figures 30 & 31). 
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• Lunges: at 8 weeks, straight lunges - progress by increasing amplitude and varying 
direction. Figure 33. Sets of 10 reps, increase as tolerated. Start standing with feet 
shoulder width apart. Take a walking step forward, then squat down so that the knee of 
your trail leg almost touches the floor. Pause for a moment and then push up with your 
lead leg and return in a slow, smooth and controlled fashion to the starting position. 
Alternate legs. 

Figure 33: Lunges. 

Hip: 
• Abduction/adduction/extension with tubing, ensure knee is flexed throughout (3 sets of 15 

reps): As previously described - Figures 20, 21, 22 

Calves: 
• Single leg calf raises - progress to 50 reps/set (Figure 24). 

W A L K I N G I JOGGING: 
7 weeks 
• Start power walking 
• Progress to jogging against tubing resistance (forward/backward) - increase time, 

resistance and speed gradually. As in the picture (Figure 34 & 35), secure the tubing 
securely at waist height. Place the tubing around your waist and jog against the resistance, 
staying in one place. 

9 weeks 
• Increase distance and speed of walking (no steep terrain) 
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Figure 34: Forward jogging against resistance. Figure 35: Backwards jogging against 
resistance. 

PROPRIOCEPTION: 
• Perform daily sessions. 
• Double leg use of wobble board - ensure there is no rotation. Figure 36. Move side to 

side, then front to back (i.e., four points of the compass). Progress from feet wide to feet 
close. Control is the goal. 

• Double leg use of the wobble board - try to keep the edges of the board off the floor for 
10 seconds, increase this time as you are able. Figure 37. 

• Wobble board progressing to single leg: Figure 38. As previously described, progress 
to balancing and performing controlled movements with one leg instead of two. Place the 
foot in the middle of the board. Perform the same activities as in Figures 36 & 37. 

• Two legged squats on the wobble board. Figure 39. Sets of 10 daily. Start with your feet 
shoulder width apart. Try to keep the edges of the wobble board off the ground while 
performing the squats. 
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Fig. 36: Wobble board Fig. 37: Wobble board - balance. Figure 38: Single leg 
compass use of wobble board. 

Figure 39: Two legged squats on the wobble board. 

FUNCTIONAL AND AGILITY ACTIVITIES: 
The following can commence when swelling is under control, strength is good and proprioception 
is good. 
• At 7 weeks may start slow cariocas (cross-overs), figure 8's and lateral shuffles. 5-10 

minutes daily. Increase the speed over the next 6 weeks. Your physiotherapist should 
demonstrate these to you. 

• Progressive program of slow and moderate speed resistance training 

© John A. Grant - University of Calgary Sport Medicine Centre, 1999 



248 

ADDITIONAL OPTIONS: 
• Hip adduction/abduction/extension can be performed with a multihip machine. Ensure that 

the resistance is applied above the knee and the knee remains flexed throughout the 
movement. 

• Single leg press: no greater than 90°, progress to 6 sets of 15 reps (may substitute hack 
squats - weight will be lower) 

• Machine hamstring curls: preferably in a seated position (instead of lying on your stomach). 
Be careful to maintain excellent control near full extension. DO NOT allow the machine 
to quickly drop through the last 20 degrees of extension because it will cause a 
hyperextension inj ury. Ensure you perform this exercise in a slow and controlled manner. 

• Biking: 
6 weeks 
• Increase stationary bike work to improve endurance, increase intensity for 40 

minutes 4+ times/week 
• Outdoors, flat, progressing to easy hills (no standing, no trails or toe clips) 
9 weeks 
• Outdoors - all terrain 
• Stationary bike - more aggressive including standing (avoid hyperextension) and 

intervals 
• Warm-up 20 minutes for other exercises 
• Increase duration to 40 minutes (or 2 x 20 minutes) 

• Stepper: 
• Continue - increase duration and pace 

• Walking I Jogging: 
6 weeks 
• Progress to walk/jog sequence on level ground (increase jog time and decrease 

walk time) in straight line (no pivoting) 
• Pool: 

• Progress swimming program using only flutter kick (front/back crawl) 
• Easy jogging in waist deep water progress to running (at 9 weeks) 
• Water running in deep water with aquabelt. 

• Plvometrics: 
• Patient should be able to perform a controlled single leg 1/3 squat before 

commencing plyometric type exercises. 
• Low intensity starting at 7 weeks: skipping rope or weight shifting on the 

trampoline 
• Skipping with 2 legs - increase strength and endurance by increasing time from 5 

to 20 minutes 
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• Proprioception: 
7 weeks 
• Squats on the mini-tramp 

• Functional and Agility Activities: 
• Slide board (must have excellent quads control) or ProFitter™ 
• Trampoline: calf raises progressing to light jog (beware of sudden terminal 

extension) 
• Light skating: no sudden stops, starts or competition. Controlled environment, not 

outdoors. 

1 3 W e e k s A f t e r S u r g e r y 

You've completed the first three months of rehabilitation after your surgery. 
The health of your knee still requires much work over the next three months. To 
maintain your strength and abilities with your knee, you should continue to 
exercise it regularly well after your six month check-up with your surgeon. 

© John A. Grant - University of Calgary Sport Medicine Centre, 1999 



APPENDIX C 

ELECTROGONIOMETER 





APPENDIX D 

ELECTROGONIOMETER 
VIDEO ANALYSIS 

FLOWCHART 



Walking 
Trial 

Gait 
Cycle 

L Repeated for the other 
three video trials 

Therefore: 

1 ) 6 sets of data per leg per E G 

2) 12 sets of data per leg 

I O 



APPENDIX E 

PATIENT INFORMATION SHEET 
INCLUDING GROUP ASSIGNMENT 



255 

PATIENTS RANDOMIZED TO THE PHYSIOTHERAPY-SUPERVISED GROUP 

Thank you for taking part in this important research project. You have been randomized to 
the Physiotherapy-Supervised Rehabilitation Program Group. This means that you will have regularly 
scheduled physiotherapy sessions over the next three months. You will have a total of 17 
physiotherapy sessions. You will have 2 sessions per week for weeks 2-7 and 1 session per week 
in weeks 8-12. Your post-op appointment with Dr. is on 
at . Please call the Sport Medicine Centre's physiotherapy line (220-8232) (or the 
physiotherapy clinic of your choice) as soon as possible to book an appointment with one of the 
physiotherapists. Your physiotherapy appointment should be booked to occur approximately 7-8 days 
after your surgery. If you intend to attend the Sport Medicine Centre or the Peter Lougheed Centre 
please inform the receptionist that you are in the ACL Rehab study (physiotherapy group). Please 
also inform your therapist of this fact at your first session. Your therapist will advise you as to when 
the subsequent physiotherapy sessions should be booked. It is up to you to book these sessions. 
Your next assessment session is at 6 weeks after your surgery and should be booked with John 
during the pre-operative education session. Please note the time and date of the assessment here 
for future reference: . Should you have any questions or 
concerns regarding any part of this study, please do not hesitate to contact the study's Research 
Assistant, Treny Sasyniuk at 220-8944. Please remember, to ensure the integrity of the study, John 
cannot know to which group you have been assigned. Once again, thank you for taking part in this 
study, and remember, the more effort you put in to your rehab, the better the results you will attain. 
Good Luck! ! 
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PATIENTS RANDOMIZED TO THE HOME-BASED GROUP 

Thank you for taking part in this important research project. You have been randomized 

to the Home-Based Rehabilitation Program Group. This means that you will perform the majority 

of your rehabilitation at home. You will have a total of four highly structured sessions with a Sport 

Medicine Centre physiotherapist (Murray Maitland) over the course of the next three months. 

These sessions will occur around 7-10 days after surgery, and at the end of the third week, sixth 

week and twelfth week after your surgery. Please call the Sport Medicine Centre's physiotherapy 

line (220-8232) as soon as possible to book your first appointment (7-8 days after surgery) with 

Murray Maitland (physiotherapist). Your post-op appointment with Dr. is on. 

at . Please inform the receptionist that you are a patient in 

the A C L Rehab study and that the timing of your appointment is important. Murray will advise you 

as to when the subsequent physiotherapy sessions should be booked. It is up to you to book these 

sessions. Your next assessment session is at 6 weeks after your surgery and should be booked 

with John during the pre-operative education session. Please note the time and date of the 

assessment here for future reference: . Should you have any 

questions or concerns regarding any part of this study, please do not hesitate to contact the study's 

Research Assistant, Treny Sasyniuk at 220-8944. Please remember, to ensure the integrity of the 

study, John cannot know to which group you have been assigned. Once again, thank you for 

taking part in this study, and remember, the more effort you put in to your rehab, the better the 

results you will attain. Good Luck! ! 
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ACL Rehabilitation Log Book 
The Home Exercise Log Book will allow you to record the daily exercises and activities that 

you perform during the rehabilitation of your knee. This book will help to keep you on track towards 
a successful rehabilitation of your knee and will serve as a record of your progression. By writing 
down the types of exercises and the amount of exercise that you do each day, you will be able to 
monitor your improvement over the course of the three months. It will allow you to set daily and 
weekly goals. Goal setting is an important part of successful rehabilitation. A progressive program 
and definitive goals work hand in hand towards continuous improvement and ultimate success. 

Your rehabilitation program for the first three months has been designed in a progressive 
fashion with four phases. The four phases are fully described in the accompanying ACL 
rehabilitation program. Your physiotherapist will meet with you at the beginning of each phase to 
help determine if you are ready to progress on to the next phase. They will demonstrate the new 
exercises, discuss any problems that you are having, and answer any questions you have about your 
rehabilitation. 

Your physiotherapist will also need to review your log book at each session to get an idea 
of the amount of exercise you have been doing. This will help with determining whether or not it is 
safe for you to move on to the next phase. It is very important that you record exactly what you are 
doing on a daily basis. Not completing the log book or entering incorrect information will be 
misleading to your physiotherapist and may result in an incorrect assessment and recommendations. 
You must work with your physiotherapist to progress at a rate that is optimal for you. No two people 
will progress at exactly the same rate. Progressing too fast may result in stretching of your new 
graft (therefore rendering the surgery useless) or further injury to your knee. Progressing too slowly 
will result in knee stiffness or problems regaining a full range of motion. This will require more time 
returning to your usual activities. 

The amount of rehabilitation you perform is up to you. The A C L rehabilitation program 

is a guide, use it to your advantage and use this log book to track your progress. Just like a record 

of your gym workouts, this log book will help you progress your program by keeping a record of 

what you have done. Using the progressions outlined in the Exercise Booklet and by your 

physiotherapist, you can set your rehabilitation goals. Record your goals in the log book, take note 

of when you meet those goals, and then set new ones. 
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Remember to write down exactly what you do after each 
time you exercise. Trying to remember what you have 
done over the period of a week will lead to mistakes. 

The log book is laid out with a separate chart for each day. Across the top of each chart 

are columns for the date, exercises performed, the number of repetitions or the amount of time 

spent on an exercise, and the number of sets performed or number of times per day that the 

exercise is performed. 

REPETITION: One complete movement of an exercise (e.g., one complete down and up 

movement when performing a squat exercise). 

SET: A group of repetitions performed continuously (e.g., performing 20 

squats continuously before a break). 

Down the side of each chart are rows for the different types of exercises and activities you 

will perform. These include range of motion (ROM = stretching), strengthening exercises for the 

hip musculature, quadriceps, hamstrings and calves, endurance exercises, proprioception (balance) 

activities, and icing. These sections correspond to the sections of your exercise program outlined 

in your Exercise Booklet. There is also a space for any notes you may want to make about any 

pain you had, any problems you encountered, any activities that went well or your general feelings 

about the day. Finally there is a space for writing down any goals that you have set, or attained. 

Focussing on these goals will help motivate you to succeed with your rehabilitation. The is an 

example of a completed chart on the next page. 

f \ 

Should you have any questions about this log book or your 
exercise program, please ask your physiotherapist during 
your sessions or call Treny Sasyniuk at the Sport Medicine 
Centre - 220-8944. Should you have any problems or 
concerns about your knee, please call your surgeon at the 
Sport tredicine Centre - 220-5077. 
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P H A S E I 

D A T E 

/ / 

A C T I V I T I E S # reps 
or time 

# sets or # 
times per day 

N O T E S 

ROM Heel over roll 

Heel slides 

Flexion in sitting 

N O T E S 

Walking 

N O T E S 

Hamstrings Self resisted in 
sitting 
Active curls lying 
down 

G O A L S S E T / A T T A I N E D 

Ice Cryo/Cuff 

G O A L S S E T / A T T A I N E D 

P H A S E II 

D A T E 

/ / 

A C T I V I T I E S # reps 

or time 

# sets or 

#times/day 

N O T E S / A D D I T I O N A L 

E X E R C I S E S 

R O M & 

Stretching 

Extension: 
Flexion: 

Walking 

Hamstrings Seated curls 

Quadriceps Weight shifting 
Squats (1 or 2 leg) 
Squats with ball 

Hip 
Exercises 

Adduction / Abduction: 
Extension: 
Bridging: 

/ / 

Calves Calf raises G O A L S S E T / A T T A I N E D 

Balance 1 leg stance 

Endurance 

Ice Cryo/Cuff 
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PHASE III 
Date 

1 1 
ACTIVITIES #reps/time # sets/day NOTES / 

ADDITIONAL 

R O M & 
Stretching 

Extension: 
Flexion: 

Hamstrings: 
Calves: 

EXERCISES 

Walking 

EXERCISES 

Hamstrings Curls (sit/stand/lying down): 

EXERCISES 

Quadriceps Weight shifting: 
Squats (1 leg): 
Squats with resistance: 
Step-ups (lat/for/bkwd): 

EXERCISES 

Hip 
Exercises 

Adduction / Abduction: 
Extension: 
1 leg up bridging: 

/ / 

EXERCISES 

Calves Calf raises ( 1 / 2 legs): GOALS 
SET/ATTAINED 

Balance weight shifting 
1 leg stance (arm circles): 
1 leg stance (leg swings) 
1 leg stance (leaning): 

GOALS 
SET/ATTAINED 

Endurance 

GOALS 
SET/ATTAINED 

Ice Cryo/Cuff 

GOALS 
SET/ATTAINED 
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P H A S E IV 

Date 
¡ 1 

A C T I V I T I E S # reps/time # sets/day N O T E S / A D D I T I O N A L 
E X E R C I S E S 

Stretching 
& R O M 

ROM: 
Quadriceps: 
Hamstrings: 
Calves: 

Hamstrings Curls (lying down): 

Quadriceps Vb squats (1 leg): 
Step-ups (lat/for/bkwd): 
Lunges: 

Hip 
Exercises 

Adduction / Abduction: 
Extension: 

/ / 

Calves Single leg calf raises: G O A L S S E T / A T T A I N E D 

Walking Against tubing 
(for/bkwd): 
Outdoors 

Balance 1 leg wobble 
(compass/balance) 
2 leg wobble squats 

Functional Cariocas, figure 8's, 
shuffles 

Endurance 

Ice Cryo/Cuff 
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FITTING OF CRUTCHES 
Stand up straight with the crutches 5 - 8 inches to the side of 
your feet. 

The crutches are the right length if there are 2 to 3 finger widths 
between the top of the shoulder pad and your armpit. 

The hand grip is at wrist level when the arm is hanging by the 
side. The elbows are slightly bent as you push down on the 
handgrips. 

WALKING WITH CRUTCHES 
REMEMBER: Support your weight with the hand grips, 
not the crutch tops. 
You will be instructed in one of the following methods: 

Non Weight Bearing - no weight on your injured (bad) leg. This means that 
you must keep your bad leg off the floor 

Feather Weight Bearing - able to put bad leg to the floor, just for balance. 
Partial Weight Bearing - able to put half of your weight through your bad leg. 

Weight Bearing as Tolerated - can take all your weight through your bad leg. 

WALKING 
1. The crutches should be placed ahead, and to the sides 

of your feet for best balance. 
2. Each crutch should be squeezed into your ribs. 
3. Move both crutches forward at the same time. 
4. Move the bad leg forward between the crutches. 
5. .Move your uninjured (good) leg ahead of the crutches. 
6. Repeal these steps to keep walking - crutches, bad leg, 

good lea. 

SITTING DOWN 
1. Step backwards until the back of your good leg 

touches the front of the chair. 
2. Keeping your weight on the good leg, remove 

crutches from your arms. Transfer one crutch 
and hold both crutches by the hand grips in one 
hand. 

3. Lean forward and bend your good knee. Use 
your free hand for support on the arm or side 
of the chair. Slide your bad foot forward. 

4. Sit down. Keep your crutches next to the chair. 
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STANDING UP 
1. Make sure the chair is steady before 

you try to stand. 
2. Move forward lo the edge of the 

chair so your good fool is flat on the 
floor. 

3. Hold the crutches by the handgrips 
in one hand. Hold the armrest of the 
chair (or chair seal) with the olher 
hand. 

4. Stand up taking weight through your 
good leg. Transfer the crutches under your arms after you gain your balance. 

STEPS AND STAIRS 
If there is a handrail on the steps use it. Put both crutches under the arm away from the railing and 
use both crutches as one. 
Hold the railing with your free hand and sland close to the rail. 
On stairs without a railing: follow the instructions for going up and down stairs, except leave one 
crutch under each arm (as for walking). 

GOING UP STAIRS 
1. Stand close to the bottom step. 
2. Put your good leg up first. 
3. Lean forward taking your weight 

on your good leg. 
4. Lift your bad leg and crutches 

up. 
5. Climb one stair at a time. 

If someone is helping you. have 
them stand behind and to the side 
of you. 

GOING DOWN THE STAIRS 
Stand close to the edge of the top 
step. 
Move your hand down the railing. 
Lower your crutches, then your bad 
leg. to the next step. 

4. Step down with your good leg. 
5. Step down one step at a time. 

If someone is helping you. have them 
stand in front and to the side of vou. 
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USING ONE CRUTCH (OR A CANE) 

L so the crutch in the hand opposite to ihc bad leg. This gives you belter support and helps you lo perform 
the normal movements of walking. 

USING A 4-POINT GAIT WITH CRUTCHES 
Or 11 \ use this method il your therapist has instructed you to do so. You will Iv instructed in either partial 
weight bearing OK weight bearing as tolerated. 

Follow ifwse steps to walk: 

1. Mene your righi crutch forward 

2. Move your left it»>i forward so it is even with the righi crutch. 

3. Move your to ti crutch forward. 

-i. Mo \c your righi les; forward so it is even with the left crutch. 

5. Repeat those steps to keep walking. 

N O T E : il you start with your left crutch, reverse the above sqticiice. 

Follow the same instructions for crutch walking to: 
• sii down 

• stand up 
• go up and down slairs 

SAFETY TIPS 
• Make sure that your crulchcs lime rubber tips, padded shoulder pieces and hand grips, ¡hese should 

be kepi in good condition and replaced as necessary. 

h iv important to use yur crutches correctly. If you feci any numbness or tingling below your armpits 
oi in your upper arni--, you are probably using the crutches incorrectly. 

\ cver stand mi your bad lea without doctor's approval. 

Always wear good supporting shoes or bare feci rather than slippers. 

Avoid wet surfaces where possible. L se small steps if you musi walk on a wet or slippery surface. 

Scalier rues or throw mats can be very slippery on a floor. II you have any ot these they should 
be removed. 

Your doctor or physiotherapisl will advise you when you can stop using your crutches. » 

file:///cver
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APPENDIX H 

CRYO/CUFF® INSTRUCTIONS 

AIRCAST® INC. 
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Cryo/Cuff 
k n e e c o m p r e s s i o n d r e s s i n g (iia.iib.iic) 
The Aircost Cryo/Cuff applies 'safe compression"'5 fo mini
mize nemarthrosis ana swelling, and cold to minimize pain* 
Simpücuy makes it ideal for the ER, post-op. tne training room 
end home. 

The Cryo/Cuff has three pcrfs: 
Cur) - covers the knee with pressurized ice water. 
Cooler - hoias enough wafer and Ice for 6 fo 8 hours 

of cryotherapy 
Tube - exchanges tne water berween cooler and cuff. 

OPERATION 
The cooler is filloa with water cna ice. and the cuff secuiea 
(see Instructions). Elevating the cooler forces cold water into 
the cuff and compresses the knee. Compression is propor
tional to elevation with the Pose of the cooler resting on a 
stand apouf 15" above the tap of the K n e e , compression is 
about 30 mmHg (see Instructions). The cooier can be kept 
connected at the desired eievdtlon. or disconnected if 
more convenient. 

Body heat will warm tne cuff within 15 fo 33 minutes after 
initial appl:ca'ion. The warm water is drained ana rechllled 
by lowering the connected cooler to the floor for a couple 
of minutes The cooler is then raised and chilled water flows 
back into the cuff. The interval between cycles can be ex
tended to an hour or so after initiai cooling (Fig. 1). The 
AutoChiir system exenanges warm wafer for cold, eliminat
ing the need for manual recycling. 

CLINICAL EXPERIENCE 
Post-operative experience (with the Knee Cryo/Cuff) indicates "hemarthrosis formation can be minimized and pain re
duced bv eariv ana extended use of the Cryo/Cuff compression dressing" " 5 In d study of post-op pain medication, 
use of the Cryo/Cuff was compared with continuous crushed ice. and with "Hot Ice"" therapy/ In both comparisons 
Cryo/Cuff patients required significantly less oral and injectable narcotic analgesics. Schroder, Pàssler found that "Cold-
compression treatment led to less postoperative swelling of the knee joint, early return to full ROM. lower pain scores. 

lower consumption or analgesics, and faster return cf func
tion." 

FREQUENCY OF USE 
References on cryotherapy often recommend application 
for 20 to 30 minutes repeated several times a ddy"' How
ever current experience afTer knee surgery indicates that 
early and continuous use o f the Cryo/Cuff for several days 
can minimize hemarthrosis formation and pain." Skin tem
peratures with the Cryo/Cuff are typically in the range of 
50 - 60°F — not as cold as possible with ice or frozen gel. 
and there is no risk of frostbite. 

CONTRAINDICATIONS 
Ovotherapy snould not be used bv persons with Roy-
naud's or other vosospastic disease, cold hypersensitivity, 
or compromised local circulation.5 

Typical Temperature Test 

http://iia.iib.iic
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Knee Cryo /Cuf f ' - M A iib n o 
Instructions; 
© P r e p a r e c o o l e r 

Connect blue rube to cooler. Add water to line inside cooler, then add ice. 
(For Large Knee Cryo/Cuff, additional water, up to 2 inches, may be needed 
to completely fill cuff.) Foi 6 to 8 hour treatment add ice to top of cooler. 
Attach cooler iid snugly. Allow 5 minutes with occasional shaking to chill water 

© A p p l y the cuff (always apply with cuff empty) 

Secure the top strap, snug Put not tight. Adjust front opening so cuff conforms 
to slightly ftexed knee (Fig. 2). Secure bottom strop loosely. Do not stretch the 
elastic. Thrs strap should be very loose during CPM use 

© Fill and pressurize cuff 
Connect tube to cuff. Open air vent on top of cooler (see directions on cooler) 
Elevate cooler and hold for about 30 seconds to pressurize (see 'Note On 
Elevation). Cooler con now be disconnected if desired by pressing the metal 
rab on the quicK-disconnect while cooler is elevated to seal the pressure 

Q R e c h i l i 

Rechili water in cuff once an hour or as needed, initially rechili after 15 or 
30 minutes to quickly cool knee. Connect the tube, lower the cooler, and the 
warmed water will drain from the cuff into the cooler. Allow a minute or two 
for the water to mix with the ice and rechili, then elevate the cooler and repeat 
the filling process (see step 3). 

Optional AufoChil! s y s ì e m (20B, 20C. 20CA, 20D) can be used where con
tinuous cooling is desired. See AutoChirl instructions for complete details. 

HOU OU E UE VA HON 
Ihe optimal amount oí elevaron (and therefore knee compression) varies among md*-
viduals ana the sensitivity of the injury. We recommend the coo¿er be about 15" above 
tne too ot the cuff (rig. 3). This will produce modest compression of approximately 
30 rnmHg between the cuff and knee. Higher pressure will increase the volume and 
weight of the cuff. 

Ouic k-df sconn ec t 

K n e e C r y o / C u f l M e a s u r e m e n t s 
measure circumference of lea, 6" otxive rxjfelîa 
Ì0- 19" ne- Small Knee Oyo/Curf 

18- 23" _'1A - Medum KneeCryo/Cuff 

A - 6 ' Knee Cryo/Cuff 

C A U T I O N 

Secure \ y 
top strap 

Studies show that an elastic wrap may have a significant effect 
on venous flow,1'1 and that there is great variability of compression in 
wrap application* Our tests also show that if the Cryo/Cuff is applied 
over an elastic wrap *rm pressures are cumulative^ We therefore strongiy 
recommend that their use in combination be avoided, and that any 
under-dressing be applied lightly. Avo*d oressures above 30 mmHg 
(15!' eievaticn). deduce pressure with any sense of discomfort, numb
ness or tingling of the limb. Feaerai (aw restricts this device to saie by or 
on tne oraer of a licensee healthcare professional 

i aux 
AU Aircasr p î o e u c t i o r e * a i e * t r « e . 

C A R S 
Aftei uso. comçxôte iy drain worm from cuir. tuoe. and cooler, (to diasn iutxs Si-
« v o t e rude white prosing tip of quc*-d;seonnecr.) Store coo<er with fop off to oûow 
drying Petiodicoiiy ctean cur?. tubo, ana ccoer using a tew ounces o*, üquia soap 
aaaed î c not wafer in cooler f í e c v c l e soap/water mixiurt-r between cooler ana 
cuff o tew times, then repeat wffl warm waw only Rtrue conipiQt í í iy 

WAWANt i POï ïC V 
Sot í t fact ton-Aí icast will próv ido promo* refund to; ony pfoauc^ *na í does n c ¡ sal
ary the physician roi any reason whatsoever 
Durability-Airccst wih provide replacement pads for any Cryo/Cuft that becomes 
unserviceable tor any reason for a perica of one year itorr, aa%3 cl s o * pioviaea 
the worn pan is leturned for analysis, 

DlK D, Faust DC. Evans JP Cryotherapy and Nerve Palsy Am J Spartonwd 9: 256-257 1981 
Duttley H, Knighl K Anttie Compression Vana&ilily Using the Eiaslic Wrap. Elastic Wrap with a Horsojhoi, Esema II Boot. and Air-Stirrup Brace 
Atntotc Training 24 32C-323, 1985 
EííeCt 0? the Cryo/Ciiff Krwt« Cwnproswon Dressmg «ira an Elastic Wtap cn Swatting ot the Call. Aircast inc., 1991 
Husni £. Ximenes J Hamilton F Pressure aandagmo, ot In* Lower üxt'emuy, Usa and ASuse JAMA « ) 6 - 2 7 1 5 - 2 7 ) 6 , 1Ô68 
Krugh! K: Cryotherapy. Theory. Technique ana Physiology Chattanooga Corp., '9B5 
Mindrebo N ShsiOourno KO Knen Pmssure Dressings arxl Thoif E'tecis on Lower Extremity Vbooue Capacitance and venous Outflow Orírtopasetics 
international Eattion 2: '3, May/June 1994 
Scuretto.' D. Pàsst«f HH; ComoHiatron ci colo arrd compression aller knee surgery KnettSi/rg. Sports Traumatw, Arthroscopy 93 1-6, 1S*K 
Shetooume KD: Pttit-sufgrotl use et the C*yoíCtiti Knae Compression Dressing, Protoco!. Indianapolis, Methodist Sports Medicine Center, 1988 
Shelbourne KD, Rubinstein RA. MeCarroü JR, et ai Posioperauve Cryotherapy lor KM Knee in ACL Rocoosixuctivc Surgery OrtnopaeOtcs 
trti*rnatteftat EOittoa 22. March/April 199-* 

3 Sheffiount* KD, Wilckens J « Cufrertl Concepii, in Anterior Cruciale Ligament RehabiMaiton Orthopedic How#w J P. 957-96A No^ 1990 

ifieMnMma 
P.O. 0 o « 7V) 

Summit. NJAJSA 07902-ùfW 
(VU3) 273*349 

800-526-8785 
fax (800) 467.4221 
Fax «¡8)273-1060 
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XX 
T h e C a l g a r y 

G e n e r a l H o s p i t a l 
B o w v a l e y C e n t r e 

P e t e r l o u g t i e e c l C e n t r e 

Day Surgery 
Pre-Operative 
Instructions 

Peter Lougheed Centre 
3500 - 26 Avenus NE. 

Calgary. Alberta T1Y6J4 

Unit 22 
P h o n e : 2 9 1 - 8 8 4 5 

F a x : 2 9 1 - 8 0 4 4 

DAIS 

PATiENT 

S U R C S O N 

THE PUNNED SURGERY IS CALLED 

PROCEDURE IS SCHEDULED FOR (YEAR' t ioSWÍ 'SÁYJ 

PRE-OPERATIVE DIAGNOSTIC PREPARATION (BLOOD WORK, ECO 
X-RAYS, PHYSICIAN MUST SPECIFY TESTS RECLMED 

•NOTE, This can be done no more, jtiap ? " days BUM *> 
your surgery. 

* Remember to ask questions and check with 
the clinic nurse to ensure that EVER YTHING 
has been done before you leave. 

' Your surgery may have to be cancelled If lab 
results aren't received and Instructions are 
not followed. 

GH-I3JÍR[y?MO) 

Preparation At Home: 
• N o t h i n g to e a t a f t e r m i d n i g h t . 

• N o t h i n g t o d r i n k a f t e r m i d n i g h t Q B 

• C l e a r fluids U P T O 4 H O U R S b e f o r e s u r g e r y 
( c l e a r f l u i d s a r e w a t e r , a p p l e j u i c e , g i n g e r a l e , 
b l a c k t e a a n d b l a c k c o f f e e ) . 

N O T E : N o m i l k o r m i l k p r o d u c t s , n o u n s t r a i n e d 
j u i c e s a n d n o c h e w i n g g u m . 

M e d i c a t i o n : 

• N o m e d i c a t i o n t h e m o r n i n g o f y o u r s u r g e r y . 

• T h e m e d i c a t i o n u s t e d w i t h o n l y a s i p o f w a t e r : 

N O T E : 

• 1 . D o n o t t a k e y o u r i n s u l i n b u t b r i n g i t w i t h y o u 
w h e n y o u r c o m e I n . 

• 2 . D o n o t t a k e y o u r d i a b e t e s p i l l s b u t b r i n g 
t h e m w i t h y o u . 

Q J 3 . I f y o u t a k e a s p i r i n , s t o p t a k i n g i t 1 0 d a y s 
b e f o r e s u r g e r y . 

• 4 . D o n o t d r i n k a n y a l c o h o l i c b e v e r a g e s 2 4 
h o u r s b e f o r e s u r g e r y . 

• 5 . S m o k i n g i s s t r o n g l y d i s c o u r a g e d b e f o r e 
s u r g e r y . 

S k i n P r e p a r a t i o n : 

• Y o u a r e r e q u e s t e d t o b a t h e o r s h o w e r p r i o r t o 
a d m i s s i o n t o h o s p i t a l . 

B o w e l P r e p a r a t i o n : 

What To Bring: 
• P e r s o n a l c a r e i t e m s 

• W a l k i n g a i d s ( c a n e , w a l k e r , c r u t c h e s ) 
• B r a c e s , s p l i n t s , s l i n g s 
• I t e m s r e q u e s t e d b y y o u r p l a s t i c s u r g e o n ( b r a , 

g i r d l e ) 

What Not To Bring: 
• A n y t h i n g o f v a l u e ( j e w e l r y , c r e d i t c a r d s ) 

• M o r e t h a n $ 2 0 c a s h 
• C e l l u l a r t e l e p h o n e s 
• E l e c t r i c a l a p p l i a n c e s 

N O T E : P l e a s e d o n o t b r i n g y o u r c h i l d r e n t o s t a y 
a t t h e h o s p i t a l . 

Arrival At The Hospital: 
P L C - P l e a s e c a l l 2 9 1 - 8 8 4 5 b e t w e e n 1 2 : 3 0 a n d 

4 : 0 0 p . m . t h e d a y b e f o r e y o u r s u r g e r y f o r 
a d m i s s i o n t i m e . 

• I f y o u r s u r g e r y I s s c h e d u l e d t h e d a y a f t e r 
t h e w e e k e n d , c a l l t h e F r i d a y b e f o r e . 

• Y o u must a r r i v e a t t h e a d m i t t i n g o f f i c e n o 
l a t e r t h a n t h e t i m e g i v e n t o y o u . 

Please Note: 
I f y o u a r e u n a b l e t o k e e p y o u r a p p o i n t m e n t , p l e a s e 
i m m e d i a t e l y n o t i f y y o u r s u r g e o n a n d t h e a d m i t t i n g 
o f f i c e a t t h e s i t e w h e r e y o u r s u r g e r y i s b o o k e d : 

P e t e r L o u g h e e d C e n t r e 2 9 1 - 8 5 5 6 

Special Information: 

T h e D a y S t a y U n i t c l o s e s a t 9 : 0 0 p . m . A l l p a t i e n t s 
m u s t b e d i s c h a r g e d b y t h i s t i m e . 



Post-Operative Advice and Restrictions for Patients Who Have Received  
General Anaesthesia or Intravenous Sedation 

Following general anaesthesia or intravenous sedation, it takes 24 to 36 hours for the full effects of the drugs to wear off. 

It Is essential that you follow these instructions: 

1. YOU MUST be accompanied home by a 

responsible adult, who may either drive you 

home by car, or take you home by taxi. You 

may not use public transportation. 

2. You may feel a little sleepy when you get 

home. YOU MUST remain quietly resting at 

home for the remainder of the day. 

3. YOU MUST, if you feel dizzy, lie flat until the 

dizziness is gone. 

4. You are encouraged to drink lots of juice 

(non diet), for the first four to six hours 

followed by light meals (i.e. soup, Jello a, ice 

cream,) for the remainder of the day. 

5. YOU MUST NOT consume any alcoholic 

beverages for 24 hours. • 

6. YOU MUST NOT consume any drugs other 

than those specifically ordered for 24 hours. 

7. YOU MUST NOT operate any motor 

vehicle, boat, power tools, or machinery or 

be responsible for little children for 

approximately 24 hours. 

8. YOU MUST NOT sign or enter into any legal 

contract for 24 hours. 

9. You may experience some muscular aches 

in your back or neck area. As well, you may 

develop a sore throat or stuffy nose 

following a general anaesthetic. These 

symptoms are not serious and will disappear 

in a short time. 

10. We strongly suggest that a responsible adult 

be with you for the rest of the day and night. 

t o 
•—i 
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Additional Information for Patients in the ACL Rehabilitation Study 

Patient Education Handout for 
Anterior Cruciate Ligament Reconstruction of the Knee 

Patients: Please read this BEFORE attending the education class. It will provide you with 
an overview of what an ACL reconstruction surgery entails, the pre- and post-surgery 
protocol and information on the medications that you will need to take. The education class 
will expand on these topics plus show you how to use your Cryo/CufFM, put your brace on 
properly, teach you how to use your crutches, show you exercises that you should and 
should NOT do. We would like to emphasize the importance of the education class in 
helping you understand all aspects of this surgery, resulting in higher patient satisfaction. 

T a b l e o f C o n t e n t s 

I. General Information about your A C L injury and various treatment options available. 

II. Information about making the decision to have reconstructive surgery 

III. Possible complications associated with this type of surgery 

IV. What is involved once the decision to have the surgery is made 

V. How to prepare for the surgery (1-5 days before) 

VI. What will occur on the day of surgery 

VII. Initial rehabilitation protocol 

VIII. Information on post-operative medications and their use 

IX. Helpful tips to make the first few days after your surgery easier. 



276 

I. General Information: 

The Anterior Cruciate Ligament (ACL) is considered to be an important stabilizing ligament in the 
knee. It has a primary role of preventing forward motion of the leg bone (tibia) on the thighbone 
(femur). It also prohibits the knee from rotating abnormally or "pivoting". Patients with ACL 
deficiency commonly complain of the knee giving way. They may also have complaints of pain or 
swelling among other symptoms. The treatment of ACL deficiency involves four different 
components. Each patient must be treated on an individual basis. The best treatment for one patient 
is not necessarily the ideal treatment for another. The treatments include: 

A. Modification of activity : By lowering the demand on the knee, patients are able to tolerate 
some instability. Irrespective of the other forms of treatment, some modification of activity 
is usually necessary although not always desirable. In a competitive athlete involved in 
pivoting sports, activity modification may not be possible. 

B. Rehabilitation: The rehabilitation of the knee including specific strengthening exercises and 
proprioception training is vital to the overall function of the knee. This form of treatment is 
important irrespective of whether surgery is considered or not. 

C. Bracing: There are a number of braces that are designed to provide stability to the affected 
knee. Although there is no scientific proof of the efficacy of any of these braces, there is 
a body of evidence supporting their use. A brace is not always necessary following ACL 
reconstructive surgery. However, in situations where there are other ligaments involved or 
where stability has not been fully restored following surgery, a brace is usually 
recommended. 

D. Surgery: Surgery can be major (i.e., ACL reconstruction), or minor (i.e., arthroscopy). 
Minor surgery usually involves doing an arthroscopy and an examination of the knee under 
anesthesia. The examination allows the surgeon to compare both knees to determine the 
relative abnormal motion that is present due to ACL or other ligament deficiency. This is 
very similar to what is done in the office but it can be more accurate with the patient fully 
relaxed under anesthesia. The arthroscope (an operating telescope with a camera attached) 
is then used to examine the inside of the knee. Once all of the information is obtained and 
confirmed, the surgeon can proceed to operate on whatever is required. This typically would 
include surgery on the menisci (the cartilage shock absorbers), trimming of loose ligament 
tissue, or smoothing out irregular joint surfaces. 

Major surgery involves reconstructing the anterior cruciate ligament. This is accomplished 
through the use of one of the patient's own tendons. The tendon, otherwise known as the 
graft, is harvested from the same knee and transplanted into the exact position that the A C L 
used to occupy. In this way the graft becomes a new ACL. The tissue that is used most 
commonly is one-third of the patellar tendon with attached bone plugs from the patella 
(kneecap) and the tibia. In some situations, one or two of the hamstring tendons are used 
from the back of the thigh. The surgeon usually determines which graft material {patellar 
or hamstring tendon(s)} is to be used at the time of the office visit. Occasionally, the final 
decision is made at the time of surgery. 
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II. Making the decision to have reconstructive surgery! 

The decision to have reconstructive surgery is based upon having an ACL deficient knee, 
the relative amount of instability present, the failure of non-operative treatment (in some cases, the 
reconstruction of an acutely injured ACL is warranted, as in the case of bony avulsions, skeletal 
immaturity, previous meniscal repairs etc.), the physical demands you place upon your knee, and 
most importantly whether your quality of life is being affected by your knee problem. 

The diagnosis of ACL deficiency is usually made by an accurate history and careful physical 
examination. It can also be diagnosed through the use of special ligament testing (KT Arthrometer) 
or Magnetic Resonance Imaging (MRI). The affected knee is usually X-rayed to look for any 
evidence of bony problems or arthritis. You may also have additional tests performed to assess 
function. One of the main concerns is whether the your quality of life is being affected. This is 
determined through the use of a validated Quality of Life self-administered questionnaire. Ultimately, 
these quality of life outcomes are measured at appropriate intervals both before and after surgery. 
In this way it is possible to assess whether you have been able to return to your desired functional 
level and if your quality of life has improved. 

It should be emphasized that an injured knee can never be made normal. Reconstruction of 
the A C L involves using a piece of tendon to replace a complex and crucial ligament. Nevertheless, 
the surgery is highly successful in most cases. Success is measured in a variety of ways, but in the 
majority of patients (approximately 85%) there is improved stability in the knee. With this improved 
stability there is usually better function, confidence, and a higher quality of life. 

III. Possible complications associated with surgery: 

Just like any other major surgical procedure, complications can occur. These can be general 
(systemic) complications or specific to the actual surgical procedure. The general complications are 
related to having a general anesthetic, lung problems, blood clots in the leg or other difficulties. 
Specific local complications include infection in the wound or within the knee joint itself, nerve injury 
(usually minor), bleeding problems, stiffness due to scarring, loosening of the graft and therefore the 
knee, swelling, technical problems with positioning or fixation of the graft and the need for further 
surgery. This list of complications is not entirely all inclusive. There are other less common potential 
complications. However, most people undergoing ACL reconstruction are very healthy. They are 
highly unlikely to get serious life threatening complications such as those that would be associated 
with heart surgery, for example. Blood transfusions are not required as part of this surgery. 

IV. Having an ACL Reconstruction 
Once the decision has been made to go ahead with the ACL reconstruction, you will sign 

a standardized consent form for surgery in the office. This may sometimes be signed by you in 
hospital. The signing of the surgery consent form needs to be witnessed by someone who is not 
specifically involved with the actual surgical procedure. 

Prior to going ahead with the procedure a number of tests are commonly done including x-
rays, KT Arthrometer and Quality of Life assessment. 
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You will need crutches to help in protecting the knee in the post-operative period. The 
crutches will need to be purchased by you as they are not covered by Alberta Health Care. Some 
private insurance coverage plans will cover this cost. 

• A knee icing machine (Cryo/Cuff™) will be supplied and is needed to assist you with pain 
and swelling control through cold therapy. The Cryo/Cuff™ will be applied at the conclusion 
of your surgery, so it is important that you bring it with you on the day of your  
surgery. This machine will serve to minimize swelling and reduce bleeding. 

• Approximately 1 -2 weeks prior to your actual surgery, you will be oriented to the planned 
procedure, your hospital stay (if required), the initial physiotherapy protocol, the use of post
operative medications and any other expectations. This orientation and education session 
will be conducted at the University of Calgary Sport Medicine Centre by one of the study 
investigators. The orientation and education session is mandatory for patients. Family 
or other care givers are also strongly encouraged to participate and welcome to attend. You 
will be admitted to the hospital on the morning of surgery. You may or may not stay 
overnight in the hospital. Because of this, it is essential that you are fully oriented to the 
procedure and post-operative protocol. 

• Please read the Patient Education Handout carefully for the majority of important 
information. This information will be reviewed at the Education Session and you will be able 
to ask questions at that time (otherwise call the study's Research Associate, Treny Sasyniuk, 
at 220-8944). 

• Cryo/CufFM: Practice icing your knee before you go for your surgery so you feel 
comfortable using the Cryocuff correctly. Larger knee sleeves are available. If you feel 
the one you have is too tight please contact the research assistant or the pre-operative 
assessment clinic. Make sure you have plenty of ice at home as you will go through quite 
a bit the first few days after your surgery. 

V Preparing for an A C L reconstruction surgery: 
1) A couple days before the surgery: For the surgery you will need to remove any hair 

from the area surrounding the knee. Do not shave the knee! Buy "Neet" or "Nair" hair 
remover and do a sample patch first to make sure you are not sensitive to the cream. To 
do the 'sample patch test: 
1) Apply a small amount of cream to the inside of your wrist. 
2) Leave it for 15 minutes 
3) Wash the cream off with water only and wait 20 minutes. 
If a rash or redness appears do not use the cream! If no rash or redness appears then 

use this cream the night before your surgery to remove the hair from your leg as outlined in point #2. 
If a rash appears, DO NOT SHAVE the skin. The nurses will shave your leg AFTER your 
admission to the hospital on the morning of your surgery. 
• If you have any questions or concerns call the Registered Nurse at the Day Surgery Unit 
(291-8845) or the Orthopaedic Nursing Unit (291-8725). 
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2) The day/night before surgery: To find out the time of 
your surgery, please call 291-8845 the afternoon before 
your surgery (if your surgery is scheduled on a Monday 
you should call the Friday before). 

You should have a bath or shower the night before surgery and 
remove any hair from the knee area with hair remover as follows: 
(DO NOT SHAVE THE KNEE!!!) 
1 ) Apply the cream to your leg from mid thigh to mid calf as 

shown «•* 
2) Leave the cream on for 15 minutes, 
3) Wash the cream off with warm water. 

The day before the surgery most people can follow their regular eating habits until bedtime. Do NOT 
have the following after bedtime the night before your surgery: food, milk, any milk products, 
unstrained juices and chewing gum. It is also important that you do not have any alcohol and do not 
smoke for 24 hours before surgery. 

VI The day of surgery: 
1 ) Before you arrive at the hospital: Have nothing to eat or drink after waking up the 

morning of surgery. If your surgery is scheduled for later in the day, you may be 
allowed clear fluids such as water, apple j uice, gingerale, black tea and black coffee 
up to FOUR hours before your surgery. 

2) Bring to the hospital: crutches and a knee immobilizer. If you do not have 
crutches or a knee immobilizer/brace you can purchase them from the 
hospital for $28.00 and $24.00, respectively. You can pay for these items 
when you leave the hospital (cash, debit, Visa, Mastercard, American Express), or 
wait for an invoice to be mailed to you. Do not bring anything of value or cellular 
telephones. 

3) At the hospital: It is important you arrive at the Admitting Office at the time given 
to you. The admitting staff will direct you to the nursing unit. It will be routine for 
you to receive pre-operative medications including an anti-inflammatory (Naproxen 
500 mg orally) and an anti-nauseant (Metoclopramide 10 mg orally). These 
medications can be taken with a sip of water only on admission to the hospital. An 
intravenous solution will be started and antibiotics will be administered on call to the 
operating room. 

4) The surgery: You will then be taken to the operating room at which time you will 
be seen and assessed by an anesthesiologist if not done so previously. A general 
anesthetic will routinely be administered in a standardized fashion. The ACL 
reconstructive procedure will be carried out by your surgeon in the operating room. 
The knee will be injected with local anesthetic at the end of the operation. Standard 
dressings, including steri-strips, and an all-in-one dressing will be applied to the skin 
incisions. These will be covered with loose gauze and an elastic tubi-grip cover. 

5) In the recovery room: You will be managed with a standard protocol to monitor 
nausea and pain. This will involve the use of a visual analogue scale (VAS) to 
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measure pain intensity and nausea. Once you leave the recovery room, you will be 
taken to the daycare unit, or alternatively to the hospital ward to be admitted 
overnight (if required by your surgeon). The operative leg will be elevated above 
the level of the heart, fluids and solids will be allowed, and the IV will be maintained 
(inpatients only). Your knee should be iced for 20-30 minutes every hour. Pain 
and nausea will be treated according to a pre-set protocol. 

6) In the orthopaedic ward (inpatients) or day surgery unit (outpatients): As 
soon as a nurse has checked your condition your family can see you. An IV is 
usually started in the operating room. The I.V. is left in after your surgery until you 
are able to drink, or sometimes longer. Patients will usually be seen by their surgeon 
on the day of surgery to discuss the findings in the knee and the details of the 
procedure. Patients who are slated for discharge home (outpatients) must be able 
to use crutches with partial weight bearing, void without difficulty, have a pain VAS 
score <5 with minimal nausea, and no excessive bleeding or drainage from the 
wound. They must also be sufficiently alert and oriented and have a responsible 
caregiver to manage them at home. 

7) Upon discharge from the hospital patients (both inpatients and outpatients) will 
be given an appointment card with a post-op appointment to see the surgeon, a 
discharge plan to follow and prescriptions. 

On the day following surgery: You can remove the gauze and your knee should be iced every 
2 hours for 20 minutes at a time. The elastic tubi-grip should stay on at all times (except for 
showering) until you see your surgeon. Medications should be administered according to the protocol 
listed on pg. 5 of this document. You are advised to incorporate bran/prunes (high fiber) into your 
diet or alternatively use Magnolax 1 tbsp orally 3 times per day to prevent the constipation frequently 
caused by the narcotic pain relievers. If you stay in hospital overnight, you should be ready for 
discharge the following day (see Post ACL Surgery Tips page 6). 

If there are any questions or problems please contact your surgeon at the University of 
Calgary Sport Medicine Center at 220-5077 during office hours. 

VI Initial rehabilitation protocol 

At the pre-operative education session, you will be instructed on the use of crutches, the icing 
machine and taught how to do range of motion exercises. These exercises include passive 
extension of the knee (meaning the leg is assisted through a motion with the good leg or your 
arms/hands rather than your muscles making it move) and active flexion. This should be carried out 
five times every day as outlined in your exercise booklet under Phase I. The goal is to have 0-90 
degrees of motion by your first post-operative visit. 

You will be given a post-operative appointment in the surgeon's office at 1-2 weeks 
following the surgical reconstruction. At that time you will be assessed for any complications, 
the knee range of motion will be measured, dressings removed, and initial follow-up information 
gathered including your log book entries for Phase I. The next stage of the rehabilitation will be 
started with the help of outpatient physiotherapy. If you are randomized to the Physiotherapy-
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Supervised Group, you should make appointments with your physiotherapist prior to your surgery. 
If you are randomized to the Home-Based Group, you will see a Sport Medicine Centre 
physiotherapist on the same day that you see your surgeon. The physiotherapist will advise you as 
to when to book the future appointments. 

Summary: It is our intention to adopt this plan for all patients undergoing an elective ACL 
reconstruction of the knee. Al l surgeons at the University of Calgary Sport Medicine Center will be 
following this protocol to maintain consistency and standardization. In this way communication will 
be enhanced and care improved. 
Please bring your completed exercise log book to your follow-up visit. 

VIII Post-Operative Medication Information 
The following is a guide to help achieve an optimal comfort level following your surgery. 

This guide is intended initially for patients going home the same day as their surgery. Patients 
staying in hospital will initially have their care seen to by the nursing staff but will need the following 
information upon discharge. 

Medication Schedule: 
a) Tylenol #3 ' s ( 1 -2 tabs) should be taken every 4 hours for the first 24 hours following 
your operation. This is the time when your pain will be at its worst and will quickly improve in the 
days that follow. If you find that the Tylenol #3 ' s are not helping with your pain, you should then 
move on to using the Percocet tablets 1 -2 orally every 4-6 hours. Percocet is a stronger narcotic 
than the codeine found in Tylenol #3, and should be enough to battle any breakthrough pain that 
you may have. After the first 24 hours the Tylenol #3 ' s can be taken every 4-6 hours as required. 
A high fiber diet or Magnolax is recommended if constipation results from the use of the above 
narcotics. Be aware that the above medications may cause drowsiness and impair judgment. 
* If you are finding that your knee pain is intolerable even after using the Percocet. you 
should contact the orthopedic surgeon on call at the University of Calgary Sport Medicine 
Center at 220-5077. He may recommend that you return to hospital for more aggressive 
pain management. 

b) Your surgeon will give you a prescription for an anti-inflammatory drug when you are 
discharged from the hospital. This will usually be for a drug such as Vioxx, Celebrex or Toradol. 
You will likely take these for the first 7 days after surgery. The dosage, the frequency with which 
you should take this drug and the number of days you should take it for will be on your 
prescription. This is an anti-inflammatory drug that will help reduce both pain and swelling at the 
knee. This medication works together with the Tylenol #3 ' s or Percocet and may actually reduce 
the amount of narcotic required to control your pain. 

c) Some patients find nausea and vomiting to be a problem after surgery. This may be caused 
by the anesthetic used during the operation, the stress of the surgery itself, or the narcotics used 
to treat your pain. For this problem you should take Gravol 50 mg orally every 4-6 hours or a 100 
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mg suppository rectally if you are unable to keep the oral Gravol down. Gravol is available over 
the counter in either the oral or rectal forms at any pharmacy. If the Gravol is ineffective, you may 
wish to move on and try the Maxeran (metoclopramide) that you received and took prior to your 
surgery. Be aware that Maxeran can occasionally cause a spastic reaction of the neck muscles. 
If this happens, go directly to emergency for treatment. If you find that your vomiting is intolerable 
despite the use of Gravol or Maxeran you should contact the orthopedic surgeon on call at the 
number indicated above. He may recommend hospital admission or a visit to the emergency 
department to manage this problem. 

General Information on Medications used for Pain Control: 

a) Narcotics (opioids) : Morphine, codeine, and other opioids are often used for acute pain 
after surgery. It is very rare for a patient to become addicted as a result of taking opioids for post
operative pain. Side Effects: narcotics may cause drowsiness, nausea, vomiting, constipation, 
itching or interference with breathing and urination. 

b) Non-narcotics: These drugs relieve mild to moderate pain and reduce swelling and 
soreness. Depending on how much pain you have, these medications can lessen or eliminate the 
need for stronger drugs. There is no risk of addiction to these drugs. Examples: Tylenol, 
Ibuprofen, Motrin. Side Effects : Tylenol is not likely to cause side effects in usual doses. Patients 
with liver disease should be watched carefully and their dose adjusted. Aspirin, Motrin, or similar 
drugs may interfere with blood clotting, cause nausea or kidney problems. 

c) Local Anaesthetics: These drugs (example bupivicaine) are given, either near the incision 
or through a needle or a small tube to block the nerves that transmit pain signals. They are 
effective for severe pain and reduce the need for opioids. There is little or no risk of drowsiness, 
constipation or breathing problems. Side Effects: some patients may experience weakness in their 
legs or dizziness. Other side effects will depend on which nerve is blocked. 

IX Post-operative ACL Reconstruction Surgery TIPS 

1) Preparing BEFORE your surgery: 
a) Shower: Daily showering will make you feel better and more comfortable, however 
showering is difficult to do if you are not prepared! Setting up your shower in advance will greatly 
assist you. Make sure the shampoo and soap is within reach as you will not be able to move around 
with ease, especially on a wet, slippery surface. You may want to install a shower head attachment 
(Canadian Tire $9.99) or place a small plastic stool to sit on. 

b) Crutches and Knee Immobilizer (knee brace): If you have not used crutches before 
you may want to purchase them in advance so you can practice walking, sitting, and going up/down 
stairs. You can rent crutches, but remember you will be using them for up to 6 weeks so it may be 
worth it to purchase them. You can NOT rent a knee immobilizer, you need to purchase one either 
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from a medical health supply store or from the hospital the day of your surgery. If you have one 
already make sure it is clean (you can wash them), functional, and bring it with you to the hospital 
the day of your surgery. 

c) Physiotherapy: You will require physiotherapy starting 1 week after your surgery. Ifyou 
do not know what clinic to go to, ask your surgeon to recommend one. You may want to call a 
physiotherapy clinic before your surgery to discuss Alberta Health Care coverage and any costs that 
you will have to pay. Also, you should book appointments in advance as some physiotherapy clinics 
are very busy. 

2) After the surgery: 

a) Transportation/Moving: When being picked up from the hospital after your surgery 
make sure the 'vehicle' you are traveling in can accommodate you with your knee immobilizer 
brace on, remember you can't BEND your knee! Always lift/move your operated leg by holding 
onto a strap on the knee brace... don't use the front leg muscles (quadriceps). You may want 
to get a fanny pack to carry personal belongings around when walking with crutches (i.e., for a 
wallet, medications, cell phone, etc.). As the nurses and physiotherapist will advise you, the 
operated leg must be keep elevated for the first few days. 

b) Dressings: Do not remove the surgical tapes on your wound. You shouldn't need to 
change the dressing, this will be done for you at your post-op visit to the surgeon's office. You 
may remove and discard the loose gauze under the elastic dressing. You may shower over the 
dressings stuck on your skin. Avoid soaking or immersing the dressings in water. 

c) Medications : Naproxen may upset your stomach or give you heartburn. Maalox tablets 
can help relieve this. 
The Tylenol #3 will constipate you, therefore you need to increase your dietary fibre. To add extra 
fibre in your diet try eat more: beans, whole grains such as whole-wheat bread & brown rice, or 
bran cereals. You may want to take Metamucil 3 times a day to prevent constipation. Increasing 
fluid intake will also help this problem. 

Don't forget to keep icing and take your medications regularly! This is your knee and your 
responsibility; following the suggested guidelines will only help your recovery... it is up to you to 
follow them. 
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APPENDIX K 

PHYSIOTHERAPIST COVER LETTER 

PHYSIOTHERAPIST VERSION OF THE REHABILITATION PROTOCOL 
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SPORT MEDICINE CENTRE 

Dear Physiotherapist: 
Your patient, , has consented to take part in a research project 

directed by Dr. Nicholas Mohtadi and Mr. John Grant at the University of Calgary Sport Medicine 
Centre. This research project is entitled "A Comparison of Home Versus Physiotherapy-Supervised 
Rehabilitation Programs Following Reconstruction of the Anterior Cruciate Ligament (ACL)." This 
study has been discussed with surgeons and physiotherapists at the monthly Knee Rounds on two 
occasions. It has received funding from the Alberta Heritage Foundation for Medical Research, 
Calgary Orthopaedic Research and Education Fund and the CRHA. This study has also received 
ethical approval from the University of Calgary Conjoint Health Research Ethics Board. 

Your patient has been randomized to the physiotherapy-supervised rehabilitation group and 
as such is free to be treated by the physiotherapist of their choice. Due to the need for a 
standardized nature to this study, your patient is to be seen twice per week for weeks 2,3,4,5,6 and 
7 post-op. and once per week for weeks 8, 9, 10, 11 and 12 post-op (total of 17 treatments). The 
patient will be assessed by his/her orthopaedic surgeon at the Sport Medicine Centre after 6 weeks 
and after 12 weeks post-op. They will also undergo assessments of knee ROM and ligament laxity 
(KT arthrometer). An isokinetic assessment of quadriceps and hamstrings strength will occur at the 
end of twelve weeks. Your patient has been supplied with an Education and Exercise Booklet as well 
as a Log Book to record daily exercise and rehab activities. The rehabilitation program contains a 
core program for ALL patients to follow, as well, where patients have access to equipment and are 
instructed in its use under your discretion, they may also include activities from the ADDITIONAL 
OPTIONS section of the program. 

Please find enclosed with this letter a condensed version (i.e. without diagrams) of your 
patient's rehabilitation program for your information as well as an attendance record. It would be 
greatly appreciated if you could note the date each time you see your patient and then return the 
sheet, by fax or mail, to the address on it. Please note that the standardization of treatment 
frequency and adherence to the rehabilitation protocol are important to the integrity of the study. 
That being said, the rate at which your patient progresses through the rehabilitation program is at 
your discretion (with input from the surgeon as required). At the end of 12 weeks, patients are free 
to continue with their rehab as prescribed by their surgeon and physiotherapist. 

We greatly appreciate your cooperation with this project. Should you have any questions, 
concerns or comments, please do not hesitate to contact the Sport Medicine Centre's Research 
Associate, Treny Sasyniuk at 220-8944 or Dr. Mohtadi at 220-5077. 

Sincerely, 

N.G.H. Mohtadi, MD, MSc, FRCS(C) 
Clinical Associate Professor 

John A. Grant, BSc(Hons)Kin.(C.K.), PFLC 
Certified Kinesiologist 
MSc Candidate - Sport Medicine 
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PHASE T 
D a y O f S u r g e r y T o 7 - 1 0 D a y s A f t e r S u r g e r y  

H o s p i t a l I n i t i a t e d R e h a b i l i t a t i o n P r o t o c o l 

GOALS: 
1. Obtain and maintain a 0°- 90° range of motion (active flexion) 
2. Gain and/or maintain a passive straight knee. 

N O T E : Ensure there is no active quadriceps work or straight leg raising. 

SPLINT: 
• Splint to be worn at all times except for range of motion and strengthening exercises (and 

showering). 

WEIGHTBEARING: 
• Weightbearing as tolerated with splint and crutches - start at about 50% and increase as 

tolerated. 

ICE I ELEVATION: 
Cryo/Cuff™ applied immediately after surgery and used 20 minutes every second waking hour 
(preferably every hour), especially after exercises. Operated knee should be elevated when icing 
and at rest. 

R A N G E OF MOTION (ROM): 
A l l R O M exercises should be performed at least 5x/day. 
Extension : • Heel over roll : In lying, place a roll beneath ankle to PASSIVELY stretch 

the knee into extension. Start with 2 minutes at a time, working up to 2-5 
minutes as long as the patient is pain free. 

Flexiont Perform flexion exercises slowly, holding for 5-10 seconds, 5-10 reps 
• Heel slides : Start in a lying position with both legs fully extended, gently 

pull the heel of the operated leg towards the buttock. Use the opposite 
leg to straighten the knee (DO NOT actively straighten knee) and repeat. 
Patient may use a belt/strap to assist with bending the knee. 

• In sitting, allow the operated knee to flex with gravity, use the opposite leg 
for control as needed - simply allow knee to hang in flexion, do not 
actively straighten the knee, then use the opposite leg to passively 
straighten the knee. 

©1999 John A. Grant - University of Calgary Sport Medicine Centre 
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STRENGTHENING: 
A l l strengthening exercises should be performed at least 5x/day. 
Active knee flexion: 

o In sitting, support the injured leg with the good leg, use the good leg to lift and 
extend the sore leg to 0 0 , pull the foot of the sore leg back against the resistance 
of the good leg. Perform 5-10 reps, 

o Lying prone, bend the operated knee to raise the lower leg off the surface, then 
slowly lower the leg controlling this movement with the other leg. Avoid letting the 
foot drop down. Perform 5-10 reps. 

PHASE II 
1 0 Days To The End O f 3 Weeks After Surgery 

GOALS: 
1. Maintain knee extension at 0 0 . 
2. Range of Motion: 0°- 110° by week 2 ,0° - 115° by week 3. 
3. Full weightbearing without crutches by 2 weeks after surgery wearing splint (see below). 
4. 2 sets of 10 reps seated hamstring curls with tubing. 
5. 1 set of 15 reps VA single leg squats. 
6. Return to activities of daily living ( ADLs) such as short durations of cooking, self-care and 

light cleaning. 

WEIGHTBEARING: 
• Progress towards full weightbearing (FWB) (i.e., walking without crutches). This may vary 

depending on pain level, quadriceps control and functional ability (e.g., the ability to walk 
up/down stairs). In order to stop using crutches, patient must be able to walk without 
a limp while using crutches (i.e., must be able to fully weightbear on the operated leg 
without compensation). Meniscal repair may require more time before full weightbearing. 

• Work on normalizing walking pattern: heel-toe fashion. 

ICE: 
• Monitor and control swelling 
• Use ice and/or compression after exercise and as required (10-15 minutes per session) 
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SPLINT: 
• Splint can be taken off at night for sleeping after checking with the surgeon at 7-10 days 

post-surgery. 

R A N G E OF MOTION (ROM): 
• R O M exercises should be performed AT LEAST 2x/day, 2-3 reps, holding for 5-20 

seconds 
• To increase/maintain extension: 

o Heel over roll stretch and hold (see description in PHASE I) 
• To increase flexion: 

o Wall slides: Lie on the floor or a bed that has one end against the wall. Feet 
should face the wall. Place your feet on the wall with knees almost straight. 
Slowly allow heels to slide down the wall, causing knees to bend. Patient uses 
non-operated leg to return the operated leg to the starting position. 

o Heel slides (heel to buttock in long sitting/lying) : See description in PHASE I. This 
exercise can also be performed in prone. At this stage it may be necessary to use 
a belt/strap to assist the hamstrings in bending the knee as far as comfortably 
possible. 

o Sitting or standing knee flexion (use hand, towel, tubing or opposite leg to assist) : 
In sitting, see description in PHASE I. 

STRETCHING: 
• 2-3 reps holding for 5-20 seconds, 2x/day 
• Hamstrings stretch in supine (use towel/belt/strap to hold ankle) : Lie supine, keeping the 

knee straight, lift leg up until a stretch is felt in the back of the thigh, hold and then slowly 
lower the leg. Alternate legs. 

• Prone hangs: Patient lies prone with the knees approximately 2 inches off the end of the 
bed, slowly allow the operated knee to straighten and then hang pain free in a straightened 
position. 

• Gastroc/soleus stretch (calves) - with a towel or standing (partial weightbearing). Stand 
facing a wall. Lean against the wall first with operated leg forward and knee bent. 
Straighten the non-operated leg. Keeping a straight line from heel to head, stretch out the 
calf muscles, ensuring that BOTH heels stay on the floor. Hold, then repeat with the 
operated leg. Start with partial weightbearing on operated leg and increase weightbearing 
as tolerated. Ensure NO HYPEREXTENSION of the operated knee. 
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S T R E N G T H E N I N G : 

Within each exercise group start with the first exercise and add the exercises in the listed order as 
tolerated. Monitor discomfort and swelling both during and after exercise. Exercises should be 
performed AT LEAST 2x/day. 

Hamstrings: 
• Progressive Resistance Exercises (PREs) in sitting: Curls with tubing or opposite leg for 

resistance. 2 sets of 5-10 reps. As in PHASE I use opposite leg for resistance or attach 
tubing to a secure low level support (e.g., approximately mid shin height) and around 
ankle. Place a towel under the foot so it slides easier. Use non-operated leg to extend 
operated knee, then use hamstrings to bend the knee. Return to the starting position and 
repeat. BE C A R E F U L (i.e., AVOID!!) of sudden terminal knee extension. 

Quadriceps: 
• Weight shifting progressing from using some support to unsupported. Stand without 

brace, slowly weight shifting from the non-operated to the operated leg. As tolerated, 
increase the amount of weight supported through the operated leg. 

NOTE: With all double leg squats, concentrate on equal weight bearing. 

• Start with LA double leg squats progressing to VA single leg squats as tolerated (use support 
as required, range 0°- 40 ° maximum). 1 set of 10-20 reps, increase reps as tolerated. 
Work up to performing squats without constant support. 

• VA double leg squat with a ball between the knees. Squeeze the ball throughout the squat 
movement. 1 set of 20 reps, increase reps as tolerated. 

Hip/Gluteals: 
• Standing: abduction , adduction , extension - use tubing. 1 set of 5-10 reps. 

o Place tubing around thigh just above the knee and around another secure, thigh 
level object (e.g. door knob etc.). Ensure that knee stays slightly bent  
throughout all exercises. 

o Perform these exercises with operated leg only. 
o Abduction. Stand perpendicular to the door knob with supporting leg next to the 

door. Start with both legs together then move operative leg away from the midline 
of the body. S L O W L Y return to the starting position and repeat. 

o Adduction: Set up is the same as for Abduction except patient stands such that the 
leg attached to the tubing is next to the door. Start with legs spread apart and 
move leg towards the midline of the body and across the supporting foot. 
S L O W L Y return to the starting position and repeat. 
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o Extension: Face the door. Start with legs together, then move the leg attached to 
the tubing backwards. SLOWLY return to the starting position and repeat. Do 
not arch the back. 

• Bridging: Lie supine on the floor. Bend knees to 45 degrees, arms at the sides. Use 
gluteal and hamstring muscles to lift buttocks off the floor. Tighten abdominal muscles for 
support. Hold for 10 seconds and return. Repeat 5 times as long as there is no pain in 
the knee. 

Calves: 
• Calf raises : Start by using both legs (bilateral) while using support, then one leg at a time 

(unilateral) with support, then bilateral without support. Keeping the toes pointed straight 
ahead, use calf muscles to go up on your toes, bringing the heels off the ground. Ensure 
a slow, controlled movement both up and down. Progress from 1 set of 20 to 50 reps. 

PROPRIOCEPTION: 
• Practice A T L E A S T 2x/day for at least 5 minutes per session. 
• General balance activities - practice standing on one leg (the reconstructed one), have 

support near as required. 
• Standing on one leg progress from looking down, to looking away, to performing an arm 

swing and then swinging the opposite knee. 
• Progress further by performing these activities with eyes closed. 

ADDITIONAL OPTIONS: 
The following options are not part of the main program. They may be added at the therapist's 
discretion. 
• Stepper I StairMaster: 

• Progress slowly, use only small excursions (i.e., small step height), increase time 
as tolerated. 

• Stepping should be performed initially in sitting, progressing to standing 
• Stationary Bike: 

• Lower seat to assist with regaining R O M 
• Start slowly backwards, then forwards, gradually increase the time to 20 minutes 

as tolerated 
• Increase workload with short (i.e., 30 - 60 seconds) intervals as tolerated 

• Treadmill: 
• Start forward treadmill walking, progress to backward treadmill walking 

©1999 John A. Grant - University of Calgary Sport Medicine Centre 



291 

PHASE TIT 
4 - 6 W e e k s A f t e r S u r g e r y 

GOALS: 
1. Improve proprioception and balance. 
2. R O M : 0° - 120° by 4 weeks, 0° - 130° by 6 weeks. 
3. Aerobic activity 20-30 minutes per day. 
4. Increase quadriceps, hamstrings and gluteal strength -pateint should be able to perform 

sets of 20 Va single leg squats by 6 weeks. 

WEIGHTBEARING: 
Full weightbearing 

ICE: 

After exercise/activity and as required to control swelling 

R O M : 
• Attain and maintain goals. 

• Use previously described R O M exercises as required, AT LEAST 2x/day. 

STRETCHING: 
• 2-3 reps, hold for 20 seconds, l-2x/day 
• Quadriceps - R O M flexion exercises as previously described. 
• Standing knee flexion: stand with support and bend the knee from a straightened position 

(maintain pelvic tilt throughout) - hold foot with hand or rest it on a table behind the 
patient. 

• Hamstrings stretch in supine (use towel/belt/strap to hold onto ankle) as previously 
described. 

• Gastroc/soleus - in standing, partial weightbearing progressing to full weightbearing (as 
previously described). 

STRENGTHENING: 
Patient should perform strengthening exercises AT LEAST 1 x/day. The exercises performed at 
each session can be alternated for variety. 

Hamstrings: 
• 2-3 sets of 10-15 reps. 
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Hamstrings: 
• 2-3 sets of 10-15 reps. 
• Curls in sitting with tubing. 
• Curls - standing or prone (tubing attached to ankle) : Attach one end of the tubing securely 

at heel height and attach the other end to ankle. Lie prone and actively bend the knee 
towards the buttocks as far as possible. Then S L O W L Y return to the starting position 
and repeat. 

Quadriceps: 
• Single leg VA squats progressing to single leg Vs squats (progress to 20 reps x 5 sets/day): 

As described previously, squat deeper but not beyond 90 degrees. 
• Increase the resistance of double leg squats with hand weights or tubing. Patient can hold 

hand weights (dumbells, plastic bottles filled with water or sand) in the hands or place the 
tubing under both feet and hold it in the hands. Adjust the tension of the tubing for 
adequate resistance. 

• Step-ups: forward/backward/lateral at graduated heights starting at 4" and increasing to 
6"+. 20 reps each direction, increase steps as tolerated. 

Hip/Gluteals: 
• Standing abduction/adduction/extension with tubing (ensure knee is flexed slightly 

throughout). 2-3 sets of 10-15 reps. 
• Bridging - as previous described but try to alternate raising knees. 
Calves: 
• Double leg to single leg calf raises without support. Progress from 20 to 50 reps 

performing 2-3 sets per day. 

W A L K I N G : 

• Over ground, increase the speed of straight, flat walking 

PROPRIOCEPTION: 
• Perform A T L E A S T 2 sets of 5 minutes daily 
• Start with the first exercise, progressing to the others in the order listed below, as able. 
• Weight shifting forward/backwards/laterally. 
• Continue with balance exercises while standing on your operated leg: 

o perform arm circles in both directions 
o raise your non-operated knee and swing it back and forth 
o alternate leaning your upper body forward, backwards and to each side while 

maintaining your balance 
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A D D I T I O N A L O P T I O N S : 

• The multihip machine can also be used for hip adduction, abduction and extension 
exercises. Ensure the resistance from the machine is applied above the knee and the knee 
is kept flexed throughout. 

• Leg Press: 0°- 60°, progress to single leg 
• Hip Sled or Jumper (a.k.a. leg press machine with elastic cords). 
• Ankle plantar flexion/dorsiflexion/inversion/eversion with tubing or other device. 
• Toe presses 
• Stationary Biking: 

• Low to moderate intensity as tolerated 
• Moderate speed 
• Increase time to 20-30 minutes 
• Work on R O M , strength and endurance 

• Stepper: 
• Progress with endurance, time should increase to 20-30 minutes 
• May perform intervals of 45-60 seconds with an equal amount of rest 

• Start walking with the treadmill elevated and progress by increasing the speed of walking. 
• Pool: 

• Pool walking program: forward/backward/laterally 
• At 5 -6 weeks add flutter kick either at the side of the pool or with a flutter board 

PHASE TV 
7 - 1 2 W e e k s A f t e r S u r g e r y 

G O A L S : 
1 ) Full R O M (0 0 - 130 °+, should be equal to opposite leg) 
2) Increase endurance - 40 minutes of aerobic activity 5x/week. 
3) Achieve normal heel-toe walking pattern 

4) Improve proprioception - able to perform 10 squats on the wobble board. 

I C E : 

• After exercises/activity and as required to control swelling 

R O M : 

• Attain goals, use previously described exercises as required. 
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STRETCHING: 
• Hold 20 seconds, 2-3 reps daily. 
• Quadriceps: As previously described. 
• Hamstrings: As previously described. 
• Gastroc/soleus: As previously described. 

STRENGTHENING: 
Patient should perform A T L E A S T 4-7 strengthening sessions per week. Exercises can be 
alternated between the sessions for variety. Within each exercise group start with the first exercise 
and add the exercises in the listed order as tolerated. 

Hamstrings: 
• Progressive resistance curls with tubing (3 sets of 15 reps) - prone. 
• Increase speed of contraction. 

Quadriceps: 
• Continue with single leg Vb squats progress to 5 sets of 20. 
• Progress to Vz single leg squats using hand weights or tubing for extra resistance, progress 

to 1 minute per set and 6 sets with 1 minute rest between sets. 
• Continue with step-ups to 6" height then increase height as tolerated. 
• Lunges: at 8 weeks, straight lunges - progress by increasing amplitude and varying 

direction. Sets of 10 reps, increase as tolerated. Start standing with feet shoulder width 
apart. Take a walking step forward, then squat down so that the knee of the trail leg 
almost touches the floor. Pause for a moment and then push up with the lead leg and 
return in a slow, smooth and controlled fashion to the starting position. Alternate legs. 

Hip: 
• Abduction/adduction/extension with tubing, ensure knee is flexed throughout (3 sets of 15 

reps): As previously described. 
Calves: 
• Single leg calf raises - progress to 50 reps/set. 

W A L K I N G I JOGGING: 
7 weeks 
• Start power walking 
• Progress to jogging against tubing resistance (forward/backward) - increase time, 

resistance and speed gradually. Secure the tubing securely at waist height. Place the 
tubing around the waist and jog against the resistance, staying in one place. 
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9 weeks 
• Increase distance and speed of walking (no steep terrain) 

PROPRIOCEPTION: 
• Perform daily sessions. 
• Double leg use of wobble board - ensure there is no rotation. Move side to side, then front 

to back (i.e., four points of the compass). Progress from feet wide to feet close. Control 
is the goal. 

• Double leg use of the wobble board - try to keep the edges of the board off the floor for 
10 seconds, increase this time as able. 

• Wobble board progressing to single leg : As previously described, progress to balancing 
and performing controlled movements with one leg instead of two. Place the foot in the 
middle of the board. Perform the same activities as above. 

• Two legged squats on the wobble board. Sets of 10 daily. Start with feet shoulder width 
apart. Try to keep the edges of the wobble board off the ground while performing the 
squats. 

FUNCTIONAL AND AGILITY ACTIVITIES: 
The following can commence when swelling is under control, strength is good and proprioception 
is good. 
• At 7 weeks may start slow cariocas (cross-overs), figure 8's and lateral shuffles. 5-10 

minutes daily. Increase the speed over the next 6 weeks. 
• Progressive program of slow and moderate speed resistance training 

ADDITIONAL OPTIONS: 
• Hip adduction/abduction/extension can be performed with a multihip machine. Ensure that 

the resistance is applied above the knee and the knee remains flexed throughout the 
movement. 

• Single leg press: no greater than 90°, progress to 6 sets of 15 reps (may substitute hack 
squats - weight will be lower) 

• Machine hamstring curls: preferably in a seated position (instead of prone). Be careful to 
maintain excellent control near full extension. DO NOT allow the machine to quickly drop 
through the last 20 degrees of extension (hyperextension injury). Ensure this exercise is 
performed in a slow and controlled manner. 

• Biking: 
6 weeks 
• Increase stationary bike work to improve endurance, increase intensity for 40 

minutes 4+ times/week 
• Outdoors, flat, progressing to easy hills (no standing, no trails or toe clips) 

©1999 John A. Grant - University of Calgary Sport Medicine Centre 
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9 weeks 
• Outdoors - all terrain 
• Stationary bike - more aggressive including standing (avoid hyperextension) and 

intervals 
• Warm-up 20 minutes for other exercises 
• Increase duration to 40 minutes (or 2 x 20 minutes) 

• Stepper: 
• Continue - increase duration and pace 

• Walking I Jogging: 
6 weeks 
• Progress to walk/jog sequence on level ground (increase jog time and decrease walk 

time) in straight line (no pivoting) 

• Pool: 
• Progress swimming program using only flutter kick (front/back crawl) 
• Easy jogging in waist deep water progress to running (at 9 weeks) 
• Water running in deep water with aquabelt. 

• Plvometrics: 
• Patient should be able to perform a controlled single leg Vb squat before 

commencing plyometric type exercises. 
• Low intensity starting at 7 weeks: skipping rope or weight shifting on the trampoline 
• Skipping with 2 legs - increase strength and endurance by increasing time from 5 

to 20 minutes 
• Proprioception: 

7 weeks 
• Squats on the mini-tramp 

• Functional and Agility Activities: 
• Slide board (must have excellent quads control) or ProFitter™ 
• Trampoline: calf raises progressing to light jog (beware of sudden terminal 

extension) 
• Light skating: no sudden stops, starts or competition. Controlled environment, not 

outdoors. 

©1999 John A. Grant - University of Calgary Sport Medicine Centre 
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ATTENDANCE RECORD 
POST A C L RECONSTRUCTION 

SUPERVISED REHABILITATION GROUP 

Patient's Name: 
Physiotherapist: 
Clinic Name, Address and Phone Number: 

Date of Surgery: 
Date Commenced Physiotherapy: 
Date of Three Months Post-Op: 

In the space below, please note the dates that this patient attended physiotherapy. Please be aware 
that this patient is to be seen 2 times per week in weeks 2, 3,4, 5,6, 7 and 1 time per week in weeks 
8, 9, 10, 11, 12. At the end of the twelfth week, please arrange to send this form back to: 

Treny Sasyniuk 
Sport Medicine Centre 
University of Calgary 
2500 University Dr., N.W. 
Calgary, AB T2N1N4 Fax: 282-6170 

If you have any questions, please contact Treny Sasyniuk, Research Associate, Sport 
Medicine Centre, at 220-8944. Thank-you for your assistance. 

Week 2: Session 1 : Session 2: 

Week 3: Session 1 : Session 2: 

Week 4: Session 1 : Session 2: 

Week 5: Session 1 : Session 2: 

Week 6: Session 1 : Session 2: 

Week 7: Session 1 : Session 2: 

Week 8: Session 1 : Week 9: Session 1 : 

Week 10: Session 1: Week 11: Session 1: 

Week 12: Session 1: 
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E X T E N S I O N 
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E l e c t r o g o n i o m e t e r P i l o t W o r k 

1.0 Bench Top Reliability and Calibration 
The two electrogoniometers were first assessed for test-retest reliability. Both 

electrogoniometers were put through their complete range of motion twice and voltage output was 
recorded in 10 degree intervals. Intra-class correlation coefficients were calculated from this data. 
These electrogoniometers demonstrated near perfect reliability with an ICC = 1.00 (EG1 = 
0.9999, EG2 = 0.9999). Once the reliability was confirmed, regression analysis was used to 
determine a calibration equation. Electrogoniometer angle (represents knee angle) was the 
dependent variable and the electogoniometer output (in volts) was the independent variable. 
Simple linear regression was used to produce an equation to convert volts to degrees. For the two 
electrogoniometers, the conversion equations were: 
EG1: R O M = -61.39532 + 53.55484EG R 2 = 0.9918 E G = voltage output 
EG2: R O M =-35.92498+ 50.3321EG R 2 = 0.9986 E G = voltage output. 

2.0 Reliability in situ 
Data from the 12 gait cycles were averaged to give a mean peak flexion and peak 

extension for each subject with each electrogoniometer. These subject means were then averaged 
to attain a mean flexion and extension value for each electrogoniometer. The difference in these 
means was then calculated. These data are presented in Table 1. 

Table 1 : Mean knee range of motion with each electrogoniometer. 

Variable N Mean SD Minimum Maximum 

Flexion EG2 12 48.92 4.33 38.44 54.47 

Flexion EG3 12 57.09 4.59 51.77 63.89 

Flexion EG2 - EG3 12 -8.17 4.44 -15.96 -1.52 

Extension EG2 12 7.28 5.77 -2.77 14.14 

Extension EG3 12 10.89 4.33 2.80 19.15 

Extension EG2 - EG3 12 -3.60 4.42 -10.27 2.64 

The differences between the electrogoniometers for both flexion and extension were significantly 
different (p = 0.0001; p = 0.0166 respectively). 

While differences between the legs were not expected in this pilot population of "healthy" 
subjects with no history of knee injury, the differences in means for each leg were calculated for 
exploratory purposes. These calculations demonstrated that there was a larger difference between 
the two electrogoniometers for the right leg for both flexion and extension. These data are 
presented in Table 2. 
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Table 2: Mean knee range of motion with each electrogoniometer by leg (n = 6 per variable). 

Variable Mean SD Minimum Maximum 

Right Flexion EG2 47.6 5.1 38.4 52.9 

Right Flexion EG3 59.0 5.3 53.0 63.9 

Right Flexion EG2 - EG3 -11.4 3.5 -16.0 -6.8 

Right Extension EG2 5.1 5.0 -2.8 10.2 

Right Extension EG3 11.9 5.3 2.8 19.1 

Right Extension EG2 - EG3 -6.8 2.9 -10.3 -2.5 

Left Flexion EG2 50.2 3.3 47.1 54.5 

Left Flexion EG3 55.2 3.1 51.7 60.1 

Left Flexion EG2 - EG3 -5.0 2.5 -9.0 -1.5 

Left Extension EG2 9.5 6.1 -1.4 14.1 

Left Extension EG3 9.9 3.2 5.0 13.2 

Left Extension EG2 - EG3 -0.4 3.3 -6.4 2.6 

Intra-class correlations (ICC) were calculated for each electrogoniometer on each leg for 
both knee flexion and extension. As expected the ICCs were higher if each leg was assessed 
independently compared to combining measurements regardless of leg. 

When the average values for each electrogoniometer were compared with t tests for both 
flexion and extension, there were significant differences found in all comparisons except one. 
These results are shown in Table 3. 
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Table 3: t test results for the comparison of range of motion output by each of the two 
electrogoniometers  

Comparison Difference in Means P 

Both Legs: Flexion -8.17 O.01 

Both Legs: Extension -3.60 0.02 

Right Leg: Flexion -11.37 <0.01 

Right Leg: Extension -6.77 <0.01 

Left Leg: Flexion -4.96 O.01 

Left Leg: Extension -0.45 0.75 

3.0 Comparison of Electrogoniometer Output with Video Analysis 
The validity of the electrogoniometers was evaluated both graphically and statistically. The 

knee angle data and electrogoniometer angle data that was digitized from the video was combined 
with the electrogoniometer analog range of motion output to determine any differences that existed. 
Two patients with a clinical flexion contracture participated in this study. 

Throughout all trials, the digitized knee angle was more extended than the digitized 
electrogoniometer angle. This difference was maximal near heel strike (i.e. near maximal knee 
extension). In the non-injured leg, the difference then decreased slightly and remained fairly 
constant through midstance (difference = 5 to 8 °). In the injured leg, the difference decreased 
slowly through midstance. The maximum difference between the knee angle and electrogoniometer 
anglewas 15-17° forthe injured leg (range: 6-17°) and the maximum difference for the non-
injured leg was 10-11° (range: 1-11°). Therefore, not only is there a demonstrated difference 
between the knee angle and electrogoniometer angle, but this difference is more dramatic in the 
injured leg. Across all video frames, the average difference between the knee and 
electrogoniometer angle was 8.80. The average difference was 6.7 ° for the non-inj ured leg only 
and 10.8° for the injured leg only. An example graph of these differences is shown in Figure 1. 
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Figure 1 : Difference between knee angle and electrogoniometer angle vs. video frame number. 
• Average Difference 

at 
5c 
•a 

Video Frame 
Note: Injured knee, heel strike occurs at frame 2, the graph continues through midstance. 

When the video knee and electrogoniometer angles were compared to the analog angle 
output from the electrogoniometer, two main differences could be seen. First, the amplitude of the 
analog signal (i.e., the maximum extension and flexion) was smaller (i.e., flattened). The analog 
signal also appeared to be slightly phase shifted to the right compared to the video data (i.e., there 
was a delay in the electrogoniometer detecting the change in knee angle). These factors can be 
seen in Figure 2. 

Figure 2: Comparison of analog electrogoniometer output to video angle data. 
—0—Electrogoniometer Angle —D— Knee Angle —à—Electrogoniometer Output Angle 

30 

NOTE: Non-injured knee, heel strike occurs at frame 3, graph continues through midstance. 
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Due to the substantial differences in the analog output between the two electrogoniometers 
and the differences between the video knee angle, video electrogoniometer angle and analog 
electrogoniometer output, the decision was made not to use the electrogoniometers. The decision 
was made to use 2D sagittal plane video instead to track the knee range of motion during gait. 
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DIRECTIONS: Please answer each question with respect to 
the current status, function, circumstances and beliefs 
surrounding your anterior cruciate ligament (ACL) deficient 
knee. Consider the last three months. 

Indicate with a slash ( I ) on the line, the point ranging from 
0 to 100 which most closely represents your situation. 

For example, the following question: 

Is this a good questionnaire? 

o 100 
Useless Fantastic 

If the slash is placed in the middle of the line, this indicates 
that the questionnaire is of average quality, or in other 
words, between the extremes of 'useless' and 'fantastic'. It 
is important to put your slash at either end of the line if the 
extreme descriptions accurately reflect your situation. 
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Section A: 
The first four questions are related to: SYMPTOMS & PHYSICAL 
COMPLAINTS. 

1. With respect to your overall knee function. How troubled are you, by "giving 
way" episodes? (Make a slash at the extreme right if you are experiencing, no giving way episodes 
in your knee. Please note that this question has two parts. It is concerned with both, the severity (la) and 
frequency (lb) of the giving way episodes.) 

la 0 100 

Major giving Minor giving 
way episodes way episodes 

lb 0 100 

Constantly Never 
giving way giving way 

2. With any kind of prolonged activity (i.e., greater than half an hour) how much pain 

or discomfort do you get in your knee? 

0 100 

Severe pain No pain at all 

3. With respect to your overall knee function, how much are you troubled by 

stiffness, or loss of motion in your knee? 

0 100 

Severely Not troubled 
troubled at all 

4. Consider the overall function of your knee and how it relates to the strength of 

your muscles: How weak is your knee? 

0 100 
Extremely weak Not weak at all 
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Section B: The following questions are being asked with respect to your job 
or vocation (i.e., W O R K R E L A T E D CONCERNS). The questions are 
concerned with your ability to function at work and how your knee has affected 
your current work-related concerns. If you are a full-time student/home maker, 
then consider this and any part-time work together. Consider the last three 
months. 

*** If you are C U R R E N T L Y NOT E M P L O Y E D for reasons OTHER 
T H A N YOUR K N E E then place a check on this line. 

5. How much trouble do you have, because of your knee with turning or pivoting 
motions at work? (Make a slash at the extreme left if you are unable to work because of the knee.) 

0 100 
Severely No trouble 
troubled at all 

6. How much trouble do you have, because of your knee, with squatting motions at 
work? (Make a slash at the extreme left if you are unable to work because of the knee.) 

0 100 

Severely No trouble 
troubled at all 

7. How much of a concern is it for you to miss days from work, due to problems 
or re-injury to your knee? (Make a slash at the extreme left i f you are unable to work 
because of the knee.) 

o 100 
An extremely No concern 
significant concern at all 

8. How much of a concern is it for you to lose time from "school" or work 
because of the treatment of your A C L deficient knee? 

0 100 

An extremely No concern 
significant concern at all 
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Section C: The following questions are being asked with respect to your 

RECREATIONAL ACTIVITIES, SPORT PARTICIPATION OR 

COMPETITION. The questions are concerned with your ability to 

function and participate in these activities as they relate to your anterior 

cruciate ligament (ACL) deficient knee. Consider the last three months. 

9. How much limitation do you have with sudden twisting and pivoting 

movements or changes in direction? 

0 100 
Totally limited No limits 

10. How much of a concern is it for you that your sporting/recreational 

activities may result in the status of your knee to worsen? 

0 100 

An extremely No concern 
significant at all 
concern 

11. How does your current level of athletic or recreational performance, 

compare to your pre-injury level? 

0 100 

Totally limited No limitations 

12. With respect to the activities or sports that you currently desire to be 

involved with, how much have your expectations changed because of the status of 

your knee? 

0 100 
Expectations Expectations not 
totally lowered lowered at all 
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13. Do you have to play your recreation/sport under caution? 
(Make a slash at the extreme left i.e. 0, if you are unable to play recreation/sport because of your knee) 

0 100 
Always play Never play 
under caution under caution 

14. How fearful are you of your knee "giving way" when playing recreation/sport? 

(Make a slash at the extreme left i.e. 0, if you are unable to play recreation/sport because of your knee) 

0 100 
Extremely No fear 
fearful at all 

15. Are you concerned about environmental conditions, such as a wet playing field, 
a hard court, or the type of gym floor when involved in your recreation/sport? 

(Make a slash at the extreme left i.e. 0, if you are unable to play recreation/sport because of your knee) 

0 100 

Extremely Not concerned 
concerned at all 

16. Do you And it frustrating to have to consider your knee with respect to your 

recreation/sport? 

0 100 

Extremely Not frustrated 
frustrated at all 

17. How difficult is it for you to "go full out" at your recreation/sport? 

(Make a slash at the extreme left i.e. 0, if you are unable to play recreation/sport because of your knee) 

0 100 

Extremely 
difficult 

Not difficult 
at all 
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18. Are you fearful of playing contact sports? (Circle the "N/A" at the right of the scale if you 

do not play contact sport for reasons other than the knee.) 

0 100 N /A 

Extremely No fear 
fearful at all 

The following questions are specifically asking about the two most important sports or 

recreational activities that you do or that you wish to do. Please write them in order of 

importance. 

1.. 

2. 

19. How limited are you in playing the number "1" sport/recreational activity? (Make 

a slash at the extreme left i.e. 0, if you are unable to play recreation/sport because of your knee) 

0 100 

Extremely Not limited 
limited at all 

20. How limited are you in playing the number "2" sport/ recreational activity? (Make 

a slash at the extreme left i.e. 0, if you are unable to play recreation/sport because of your knee) 

o 100 
Extremely Not limited 
limited at all 
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S e c t i o n D : The following questions are being asked with respect to your 

L I F E S T Y L E . The questions are concerned with your lifestyle in general and 

should be considered outside of your work and recreational/sport activities as 

they relate to your anterior cruciate ligament (ACL) deficient knee. 

21. Do you have to concern yourself with general safety issues (e.g. carrying small 

children, working in the yard, etc.) with respect to your ACL deficient knee? 

0 100 

Extremely No concern 
concerned at all 

22. How much has your ability to exercise and maintain fitness been limited by your 
knee problem? 

0 100 

Totally limited Not limited at all 

23. How much has your enjoyment of life been limited by your knee problem? 

0 100 

Totally Not limited 

limited at all 

24. How often are you aware of your knee problem? 

0 100 

All of the time None of the time 

25. Are you concerned about your knee, with respect to lifestyle activities that you 

and your family do together? 

0 100 

Extremely 
concerned 

No concern 
at all 
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26. Have you modified your lifestyle to avoid potentially damaging activities to 
your knee? 

0 100 
Totally modified No modifications 

S e c t i o n E : The following questions are being asked regarding your S O C I A L 

A N D E M O T I O N A L concerns with respect to your knee. The questions are 

about your attitudes and feelings as they relate to your anterior cruciate deficient 

knee. 

27. Does it concern you that your competitive needs are no longer being met because 

of your knee problem? (Make a slash at the extreme right i.e. 100, if your competitive needs are being met. 

Make a slash at the extreme left i.e. 0 if you do not have any competitive needs.) 

0 100 

Extremely Not concerned 
concerned at all 

28. Have you had difficulty being able to psychologically "come to grips" with your 
knee problem? 

0 100 

Extremely Not difficult 
difficult at all 

29. How often are you apprehensive about your knee? 

0 100 

All of the time None of the time 
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30. How much are you troubled with lack of confidence in your knee? 

0 100 

Severely No trouble 
troubled at all 

31. How fearful are you of re-injuring your knee? 
0 100 

Extremely No fear 
fearful at all 

Thank you for completing this questionnaire. 
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Patient ID: 

SPORT MEDICINE CENTRE 

R e h a b a n d C o s t A s s e s s m e n t Q u e s t i o n n a i r e  

Complete 3 months post-surgery 

In order to ensure confidentiality, we ask that you not place your name on this questionnaire. Your 
identity is coded at the top of the page. 

1.) How many days/weeks after your surgery did you completely stop using your crutches? 

2.) How many days/weeks after your surgery did you completely stop wearing your knee 
immobilizer (i.e. Zimmer Splint)? 

3.) Overall, how would you rate the usefulness of the information provided in the: 

Pre-Op Patient Handoutfcircle one) 
a) Excellent 
b) Very Good 
c) Good 
d) Fair 
e) Poor 

Exercise Rehabilitation Bookletfcircle one) 
a) Excellent 
b) Very Good 
c) Good 
d) Fair 
e) Poor 

Comments: 

4.) Overall, how would you rate the clarity and ease of understanding of the information provided 
in the Exercise Rehabilitation Booklet (circle one): 

a) Excellent Comments: 
b) Very Good 
c) Good 
d) Fair 
e) Poor 
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5.) Overall, please circle the word that describes how you would rate the Rehabilitation Log  
Book's: 

Usefulness Ease of Completion 
a) 
b) 
c) 
d) 
e) 

Excellent 
Very Good 
Good 
Fair 
Poor 

a) 
b) 
c) 
d) 
e) 

Excellent 
Very Good 
Good 
Fair 
Poor 

Comments: 

The following questions relate to costs encountered by you as a direct result of the 
rehabilitation required after having your anterior cruciate reconstruction surgery. 

6. ) What was the total cost of medications (include all over-the-counter and prescription 
medications) required due to your surgery in the three months after your surgery. If you have a 
drug plan, report only the amount actually expected to be paid by yourself, (i.e. 0-20 % of total 
costs) Circle the appropriate value. 

1. ) 0-$25.00 
2. ) $26.00 - $50.00 
3. ) $51.00-$75.00 
4. ) $76.00-$100.00 
5. ) >$100.00 

7. ) How many times did you have to travel to the clinic after your surgery for an appointment with 
your surgeon? 

Transport by: 
Personal vehicle:#trips - Distance (in km one way) -

Cost of parking/trip: 
Taxi: # trips - Cost (one way) -
Public Transit: # trips - Cost (one way) -

8. ) Please report the number of trips required for you to the physiotherapy clinic: 
Transport by: 
Personal vehicle:#trips - Distance (in km one way) -

Cost of parking/trip: 
Taxi: # trips - Cost (one way, one trip) -
Public Transit: # trips - Cost (one way, one trip) -
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9. ) What was the nonrefundable cost (i.e. in the case of renting, the amount of money that you 
could not get back when you returned the crutches) for you to buy or rent crutches for use after 
your surgery? 

10. ) What was the cost for you to buy a knee immobilizer (e.g. Zimmer splint) for your surgery? 

11.) Excluding medications, crutches/splint and transportation costs, what additional costs related 
to child care or personal care did you encounter as a result of your surgery, in the first three 
months? (baby-sitting, spousal loss of income due to caregiving for you etc.) 

1. ) 0-$20.00 
2. ) $21.00-$60.00 
3. ) $61.00-$100.00 
4. ) $101.00-$200.00 
5. ) $201.00-$500.00 
6. ) $501.00-$1000.00 
7. ) $1001.00-$2000.00 
8. ) > $2000.00 

12. ) Employment/activities outside the home: 
a) In the first three months after surgery, how many full work days did you take off 

due to your surgery? 

b) Not including full days off, how many hours did you take off due to symptoms or 
appointments? 
13. ) In order to recover from this surgery, were you required to take time off work without 
income (i.e. without paid sick time or insurance income)? 

a) Yes b) No 

14. ) If you answered Y E S to question #13, how many work days were you required to take off 
without income? 

* * * P I e a s e FOLD a n d r e t u r n t h i s q u e s t i o n n a i r e t o J o h n a t y o u r 1 2 

w e e k a s s e s s m e n t . * * * 

* * * W e t h a n k y o u f o r y o u r v a l u a b l e c o n t r i b u t i o n t o t h i s i m p o r t a n t 

r e s e a r c h . * * * 
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UNIVERSITY OF 
CALGARY 

SPORT MEDICINE CENTRE 

Patient ID: 
R e h a b i l i t a t i o n a n d C o s t A s s e s s m e n t Q u e s t i o n n a i r e  

Please complete during the three months post-surgery 

GENERAL INFORMATION 
1. ) How many weeks after your surgery did you completely stop using your crutches? 

weeks 

2. ) Did you use a cane after you stopped using your crutches? 
a) Yes NO 
b) If YES, for how many weeks did you use a cane? weeks 

3. ) How many weeks after your surgery did you completely stop wearing your knee 

immobilizer (i.e. Zimmer Splint)? weeks 

4. ) Overall, how would you rate the usefulness of the information provided in the: 

Pre-Surgerv Patient Handouticircle one) 
a) Excellent Comments: 
b) Very Good 
c) Good 
d) Fair 
e) Poor 
Exercise Rehabilitation Booklet(circle one) 
a) Excellent Comments: 
b) Very Good 
c) Good 
d) Fair 
e) Poor 

P l e a s e c o n t i n u e t o P a g e 2 
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5. ) Overall, how would you rate the clarity and ease of understanding of the information 
provided in the Exercise Rehabilitation Booklet (circle one): 

a) Excellent Comments: 
b) Very Good 
c) Good 
d) Fair 
e) Poor 

6. ) Overall, please circle the word that describes how you would rate the Rehabilitation 
Log Book's: 

Usefulness Ease of Completion 
a) Excellent a) Excellent 
b) Very Good b) Very Good 
c) Good c) Good 
d) Fair d) Fair 
e) Poor e) Poor 

Comments: 

T h e f o l l o w i n g q u e s t i o n s r e l a t e t o c o s t s e n c o u n t e r e d b y y o u a s a 

d i r e c t r e s u l t o f y o u r a n t e r i o r c r u c i a t e r e c o n s t r u c t i o n s u r g e r y a n d 

t h e a s s o c i a t e d r e h a b i l i t a t i o n i n t h e f i r s t 3 m o n t h s a f t e r y o u r 

s u r g e r y . 

H E A L T H C A R E I N S U R A N C E 

7.) Are you covered by an extended health care insurance plan? YES 
NO 

If NO, please go to QUESTION 9 

P l e a s e c o n t i n u e t o P a g e 3 



335 

8. ) If you answered YES to Question 7, please mark with a check [•] which of the 
following services the extended health care insurance covers: 

Physiotherapy Medications 
Nurse or other home care X-rays or other diagnostic imaging 
Massage Therapy Crutches 
Chiropractic care Post-surgical splints 
Acupuncture Rehabilitation or sport braces 
Orthotist (person who makes Transportation to doctor or 
orthotics or braces physiotherapy appointments 
Personal Trainer Other ( ) 
Don't know Other ( ) 

9. ) Do you have any other comments about health care insurance that are relevant to your 
A C L reconstruction and/or the rehabilitation after your A C L surgery: 

MEDICATIONS 
10.) Please complete the following table to tell us how much money you have spent on 

medications (include all over-the-counter and prescription medications) required due to 
your surgery, or due to your condition after your surgery, in the three months after 
your surgery. 

Name of 
Medication 

Prescription or 
Non

prescription 

Amount paid for 
medication (i.e. before 

reimbursement) 

Percentage of 
reimbursement (e.g. 

80%, 100%) 

a) Please check [V] here if you do not know how much your 
prescription medications cost because you have an automatic deduction at the 
pharmacy for prescription medications? 
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11.) Do you have any other comments or cost information about medications that were 
required as a result of your A C L reconstruction 
surgery: 

TRANSPORTATION & TIME COMMITMENT 
12.) How many times did you have to travel to the clinic after your surgery for an 

appointment with your surgeon? 
Method of Transportation: 
You drove yourself: 

# trips - Distance (in km, one trip, one way) -
Cost of parking for one trip (if any): 

Someone else drove you: 
# trips - Distance (in km, one trip, one way) 

Cost of parking for one trip (if any): 

Taxi: # trips -
Public Transit: # trips -
Other ( ): # trips-

Cost (one trip, one way) -
Cost (one trip, one way) -
Cost (please explain) -

13.) How long did it take to travel to your appointments to see your surgeon? Please report 
the time for one, one-way trip unless they were significantly different. If they were 
significantly different note the different times and why. 
a) Travel time to see surgeon: hrs minutes 
b) If the times were different, please list them below and note why they were 

different: 
hrs minutes •4 Why? 
hrs minutes -> Why? 
hrs minutes •4 Why? 

14.) For appointments with your surgeon after your surgery, how long did you have to wait 
(i.e. the amount of time between checking in at the reception desk and when you were 
seen by your surgeon)? 

At 1-2 weeks: 
At 6 weeks: 
At 12 weeks: 
Other ( J : 

hrs 
hrs 
hrs 
hrs 

minutes 
minutes 
minutes 
minutes 
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15. ) How long were each of your post-operative appointments with your surgeon (i.e. from 
the time you checked in at the reception desk until you left the clinic)? 

At 1-2 weeks: hrs minutes 
At 6 weeks: hrs minutes 
At 12 weeks: hrs minutes 
Other ( ): hrs minutes 

16. ) Please report the number of trips you made to the physiotherapy clinic for treatments: 
Method of Transportation: 
You drove yourself: 

# trips - Distance (in km, one trip, one way) -
Cost of parking for one trip (if any): 

Someone else drove you: 
# trips - Distance (in km, one trip, one way) -

Cost of parking for one trip (if any): 

Taxi: # trips - Cost (one way, one trip) 
Public Transit: # trips - Cost (one way, one trip) 
Other ( ): # trips - Cost (please explain) - _ 

17. ) How long did it take to travel to your appointments with your physiotherapist at the 
physiotherapy clinic? Please report the time for one, one-way trip unless they were 
significantly different. If they were significantly different note the different time and why. 
a) Time to travel to the clinic: hrs minutes 
b) If the times were different, please list them below and note why they were 

different: 
hrs minutes -* Why? 
hrs minutes -> Why? 
hrs minutes -> Why? 

18. ) How long (on average) were your physiotherapy 
appointments? minutes 

19. ) Do you drive? YES NO If NO, go to QUESTION 20. 
a) If you answered YES to Question 19, how many weeks after your surgery 

were you able to drive a vehicle? weeks 
b) Was your vehicle [•]: Automatic transmission 

Standard transmission 
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20.) Do you have any other comments about transportation issues or costs related to your 
A C L surgery? 

U S E O F O T H E R H E A L T H C A R E S E R V I C E S 

21.) Please complete the following table if during the three months following your A C L 
reconstruction you have used any health care services, other than physiotherapy or 
visits with your surgeon, to assist with your A C L rehabilitation. 

Service Used: Yes/No Number of Visits Cost to you per 
visit ($) 

Family Doctor 

No Cost 
Other Specialist Doctor 
Type of specialist " 4 No Cost 

Nurse 

No Cost 

Chiropractor 
Massage Therapist 
Acupuncture 
Orthotist 
Personal Trainer 
Other: 
Other-

22.) Do you have any other comments about the use of other health care services or costs of 
other health care services after your A C L surgery: 

R E H A B I L I T A T I O N E Q U I P M E N T U S E D / P U R C H A S E D 

23.) Previous to your surgery, did you own crutches for another reason, that you were able 
to use after your A C L reconstruction surgery? 

a) YES NO 
b) If YES, how much did you pay for the crutches? $ 
If you answered YES to QUESTION 23, please go to QUESTION 27 
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24. ) Were you able to borrow crutches for use after your surgery? (i.e. borrow from a 
friend or family member etc. and as such incur NO cost) YES NO 

25. ) If you answered NO to BOTH Questions 22 and 23, what was the cost for you to 
buy or rent crutches for use after your surgery? $ 

26. ) Was any of the cost reported in Question 25 covered by an extended health care 
insurance plan? 

a) YES NO 
b) If YES, how much was covered? $ 

27. ) If you rented crutches for use after your surgery, did you get any money back (e.g. a 
deposit) when you returned them? 

a) YES NO 
b) If YES, how much was returned to you? $ 

28. ) Do you own a knee immobilizer splint (e.g. Zimmer splint) that you had previously 
purchased before you knew you needed one for your surgery? 

a) YES NO 
b) If YES, how much did you pay for it? $ 

29. ) If you answered NO to Question 28, what was the cost for you to buy a knee 
immobilizer (e.g. Zimmer splint) for your surgery? $ 

30. ) Was any of the cost reported in Question 29 covered by an extended health care 
insurance plan? 

a) YES NO If NO go to Question 31 
b) If you answered YES to Question 30a, what was the percentage of the cost 

that was covered? 
1) 100% 
2) 80% 
3) Other, please specify: 
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31.) Do you have a rehabilitation/sport brace (e.g. Townsend, Generation II, Donjoy) that 
you bought to use before your surgery? 

a) YES NO If NO go to Question 32 
b) If YES, how much did you pay for it? $ 
c) Was any of the cost covered by your extended health care insurance? 

YES NO 
d) If you answered YES to Question 31c, what was the percentage of the cost 

that was covered? 
1) 100% 
2) 80% 
3) Other, please specify: 

If you answered YES to Question 29, please go to Question 31 

32.) If you did not have a rehabilitation/sport brace before your surgery, do you plan on 
buying one as part of your return to activity/sport? YES NO 

33.) Did you own any of the following pieces of home exercise equipment before your 
surgery? (Check [•] all that apply) 

Stationary Bike 
Elliptical Cross Trainer 
Mountain/Road Bike 
Home Gym (eg. Universal/York system) 
Other (please explain): 
Other (please explain): 

Treadmill 
Free weights (eg. dumbbells, barbells) 
StairMaster or similar machine 

34.) Did you buy, or do you plan to buy any of the following equipment to assist with your 
post-surgery rehabilitation? Please check [•] all that apply and include the cost if 
possible. 

Stationary Bike 
Mountain/Road Bike 
Elliptical Cross Trainer 
Home Gym (eg. Universal/York system) 
Other (please explain): 
Other (please explain): 

Treadmill 
Free weights (eg. dumbbells, barbells) 
StairMaster or similar machine 
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35. ) Did you have a membership at a gym/fitness centre/health club BEFORE you decided 
to have surgery? 

a) YES NO If NO go to Question 36. 
b) If YES, how much did you pay for it? $ /month OR $ /year 
c) If YES, have you continued it since your surgery? YES _NO 

Go to Question 37 

36. ) If you answered NO to Question 35a, have you joined a gym/fitness centre/health club 
since your surgery? 

a) YES NO If NO go to Question 38. 
b) If YES, how much did you pay for it? $ /month OR $ /year 
c) If YES, did you buy the membership to assist with the rehabilitation of your 

knee? YES NO 

37. ) If you have been a member of a gym/fitness centre/health club SINCE your surgery, 
how many times per week have you gone to the club to do exercises/activities to assist 
with rehabilitating your knee? 

Range (e.g. 1-4): times per week Average: times per week 

38. ) Do you have any other comments or cost information about rehabilitation/exercise 
equipment used or purchased or fitness memberships? 

A D D I T I O N A L C H I L D / D E P E N D E N T C A R E 

39. ) In the three months after your A C L reconstruction surgery, were you the primary 
caregiver for children/dependents? YES NO 

If NO go to Question 45. 

40. ) In addition to your usual child/dependent care arrangements, did you require 
someone to care for any children/dependents while you were attending your 
appointment with: 

a) Your surgeon? YES NO If YES, how many times? 
b) Your physiotherapist? 

YES NO If YES, how many times? 
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41. ) If you answered YES to Question 40 and you paid for these child/dependent care 
services, please report the average cost per session for such services: $ 

42. ) If you answered YES to Question 40 and you did not pay for these child/dependent 
care services, what was the average amount of time that the child/dependent care 
provider spent caring for your child/dependent? hrs. 

43. ) Did the provider of child/dependent care take time off paid work to provide these 
services? 
YES NO 

44. ) If you answered YES to Question 43, how many times did this occur and what was 
the average length of time per care session? 
How many times? Average time per session: hours 

45. ) Do you have any other comments or costs associated with additional child/dependent 
care during the three months following your A C L surgery? 

E M P L O Y M E N T 

46.) Before your surgery, were you responsible for the majority of the housework? 

a) YES NO 
b) If you answered YES to Question 46a, for how long after your surgery were 

you not able to fully complete your usual housework? days 

47.) Before your surgery were you: (check [V] whichever applies) 

Employed (either by someone else or self-employed) Go to Question 48 
Looking for employment - Go to Question 54 
A stay at home person (e.g. housewife or househusband) Go to Question 49 
Student (e.g. secondary, college, trade school, university etc.) Go to Question 
49 
Retired - Go to Question 54 
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a) What was your occupation before your surgery? 
b) Do you plan to return to this occupation after you recover from your surgery? 

YES NO 
c) If you answered NO to Question 48b, what occupation do you plan to 

start? 

Please provide the following information regarding the physical nature of the job 
(employment, housework or academic work) that you will be returning to after your 
surgery and how it affects your return to work. Please check [•/] all that apply. 

Standing -»Less than 2 hrs/day in total 
Sitting ->Less than 2 hrs/day in total 
Walking -*Less than 1 hr/day in total _ 
Lifting/carrying -» 

Greater than 2 hrs/day in total 
_ Greater than 2 hrs/day in total 
_ Greater than 1 hr/day in total 

Less than or equal to 10 lbs 
Between 10 and 20 lbs 
Between 20 and 50 lbs 
Between 50 and 100 lbs 

Greater than 100 lbs 
Kneeling/crouching-* 

Climbing a ladder -* 

Climbing stairs •* 

Less than XA hr/day in total 
Greater than 'A hr/day in total 
Less than 1 hr/day in total 
Greater than 1 hr/day in total _ 
Less than 1 hr/day in total 
Greater than 1 hr/day in total 

Unpredictable circumstances due to: 
Environment Weather 
Other (please explain): 

Animals 

Employment/activities outside the home: 

a) How many work days did you miss between the day of surgery and the day 
that you went back to work the first time after your surgery? 
days 

b) In the days/weeks after your first day back to work (i.e. after the time you 
reported in Question 50a), how many hours (in total) did you take off due to 
knee symptoms or knee related appointments? hrs 

In order to recover from this surgery, were you required to take time off work without 
income (i.e. without paid sick time, short term disability coverage or employment 
insurance)? 

YES NO 
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52. ) If you answered Y E S to Question 51, how many work days were you required to 
take off without income? This number may or may not be equal to Question 50a. 

days 

53. ) Do you have any other comments or cost information about employment? 

U S U A L A C T I V I T I E S 

54. ) Please list any 'usual' activities that you took part in before your surgery that you were 
not able to take part in after your surgery. Under the Time column, please include the 
number of weeks that elapsed between your surgery and the first time you were able to 
resume these activities. If you were not able to return to the activity within the three 
months after your surgery please write DNR in the Time column. 

Activity Time 
a) weeks 
b) weeks 
c) weeks 

55. ) Do you have any other comments or cost information about your usual 
activities? 

O T H E R O U T O F P O C K E T E X P E N S E S 

56. ) Have there been any other out of pocket expenses to you or your family due to the fact 
that you had this surgery? Please describe these expenses and their cost on the 
following lines. Please use the bottom of this sheet if you need more space. 
a) $ 
b) $ 
c) $ 

57. ) Do you have any other comments or cost information about miscellaneous out of 
pocket expenses? 

T h e i n v e s t i g a t o r s t h a n k y o u f o r y o u r v a l u a b l e c o n t r i b u t i o n t o t h i s 

i m p o r t a n t r e s e a r c h . 
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UNIVERSITY OF 
CALGARY 

Faculty of Kinesiology 
Sport Medicine Centre 

RESEARCH PROJECT TITLE: A Comparison of Home Versus Physiotherapy Supervised 
Rehabilitation Programs Following Reconstruction of the Anterior Cruciate Ligament (ACL). 
PRINCIPLE INVESTIGATOR: Dr. Nicholas Mohtadi 
CO-INVESTIGATOR: John A. Grant 

This consent form, a copy of which has been given to you, is only part of the process of informed 
consent. It should give you the basic idea of what the research is about and what your participation 
will involve. If you would like more detail about something mentioned here, or information not 
included here, you should feel free to ask. Please take the time to read this carefully and to 
understand any accompanying information. 

The primary purpose of this study is to compare the effectiveness of two different rehabilitation 
programs for A C L reconstructed knees. The secondary purpose of this study is to determine if 
there are any significant cost differences between the two different rehabilitation programs. If you 
give your consent to be part of this study you will be randomly assigned and have an equal chance 
of being in one of two different treatment groups. One group will do the majority of their post 
surgery rehabilitation at 'home', the other with the close assistance of a physiotherapist. Both 
groups will undergo standardized testing of knee range of motion, strength, ligament laxity and 
quality of life assessment, as well as participate in an educational session at the Sport Medicine 
Centre prior to surgery. The surgery will be as outlined by your surgeon. After surgery all patients 
will be treated the same way for the first 7-10 days following your surgery. A l l patients will be 
prescribed the University of Calgary Sport Medicine Centre A C L Rehabilitation program. 

Those of you who are assigned to the home based rehabilitation program will see a physiotherapist 
at that time and will be given all of the necessary instructions. You will be seen again at the end of 
three, six and twelve weeks after surgery (total of four sessions). 

Those of you who are assigned to the standardized physiotherapy based rehabilitation program will 
see a physiotherapist twice per week in weeks 2-7 after your surgery and once per week in weeks 
8-12 after your surgery. There will be a total of 17 visits to your therapist. Testing will be 
repeated at 6 weeks for range of motion and ligament laxity, and at 12 weeks for all measures. A l l 
tests for both groups of patients will be performed by an independent person who does not know 
which group you were assigned to. Your surgeon will see you at his usual times regardless of your 
rehabilitation group assignment. These will be coordinated with the assessments to avoid extra 
visits. 
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There will be no charge for participating in this study. Both programs have been carefully produced, 
based on scientifically supported principles. There are no expected risks to you irrespective of which 
program you are involved with or with any of the testing. Al l aspects of this research study are 
considered to be part of standard care. Should you decide not to participate, you are free to choose 
the rehabilitation options of your choice (e.g., physiotherapy at a clinic of your choice). 

Information gathered during this study will only be accessible to the investigators. Al l computer data 
will be password protected and paper documents kept in a filing cabinet in a locked office. Al l 
subjects will be assigned a code for data analysis. Once data is entered, all references to a particular 
patient's data will be by code number only. 

In the event that you suffer injury as a result of the research, no compensation will be provided for 
you by the University of Calgary, the Calgary Regional Health Authority or the Researchers. 
However, treatment will be available to you through the Calgary Regional Health Authority as would 
be the case had you not participated in this study and suffered an injury. You still have all of your 
legal rights. Nothing said here about treatment or compensation in any way alters your right to 
recover damages. 

Your signature on this form indicates that you have understood to your satisfaction the information 
regarding participation in the research project and agree to participate as a subject. In no way does 
this waive your legal rights or release the investigators, sponsors, or involved institutions from their 
legal and professional responsibilities. You are free to withdraw from the study at any time without 
jeopardizing your health care. Your continued participation should be as informed as your initial 
consent, so you should feel free to ask for clarification or new information throughout your 
participation. If you have further questions concerning matters related to this research, please 
contact: John Grant: 220-8948 or Dr. Nicholas Mohtadi: 220-5077 

If you have any questions concerning your rights as a possible participant in this research, please 
contact the Office of Medical Bioethics, Faculty of Medicine, University of Calgary, at 220-7990 

Participant's Signature Date 

Investigator and/or Delegate's Signature Date 

Witness' Signature (or Parent/Guardian) Date 

A copy of this consent form has been given to you to keep for your records and reference. 




