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CLINICAL SCENARIO
	Total knee arthroplasty (TKA) was performed 719,000 times in the United States in the year 2010. 1 The number of TKAs performed is expected to increase 673% by the year 2030. 2 During recent clinical experiences, I have seen many patients undergo the often painful and challenging process of postoperative rehabilitation following TKA. During my rotation in an outpatient orthopaedic clinic, I had the pleasure of meeting one such patient. The patient was a mid-50’s male, and former Navy Seal and SWAT member, while currently working as a SWAT training coordinator. Despite this patient’s substantial background in overcoming difficult physical challenges, he reported that recovering from TKA was one of the hardest things he had experienced.

Due to my interest in working with patients who have orthopaedic problems, I wondered if there was a way for patients undergoing TKA to have quicker recoveries to a higher level of functioning after surgery. The purpose of this literature search and review is to determine what the current evidence supports in regards to preoperative physical therapy and its effects on outcomes following TKA.


SUMMARY OF SEARCH

[Best evidence appraised and key findings]

	A total of 10 studies were selected that met the inclusion and exclusion criteria, 8 of which were randomized controlled trials (RCTs). The other 2 articles consisted of 1 case study and 1 systematic review. 3 studies were selected as “best evidence” – 2 RCTs and 1 systematic review. These studies were selected based on their methodological quality and relevance to the clinical question. The 3 selected studies were reviewed, critiqued, and discussed. 
Preoperative exercise programs are not favoured over usual preoperative care in improving functional outcomes following TKA. There is some evidence to suggest that participating in a preoperative exercise program before TKA leads to shortened hospital stay and greater likelihood of being discharged directly home as opposed to a rehabilitation facility.

Future research will benefit from focusing on longer exercise programs to more appropriately match recommendations for strength training. It will also be beneficial for studies to attempt greater consistency in choosing specific interventions and implementation parameters (duration, volume, intensity, etc.). 


CLINICAL BOTTOM LINE
	While there is no evidence to support preoperative exercise before TKA leading to improved functional outcomes, the current evidence shows that a preoperative exercise program before TKA can lead to shorter hospital stay after surgery and an increased likelihood of being discharged directly home. In order to more confidently apply the research clinically, further studies are needed to evaluate longer exercise programs and to identify age-response relationships. 


	This critically appraised topic has been individually prepared as part of a course requirement and has been peer-reviewed by one other independent course instructor


SEARCH STRATEGY
	Terms used to guide the search strategy

	Patient/Client Group
	Intervention (or Assessment)
	Comparison
	Outcome(s)

	Osteoarthritis

Knee OA

OA

Patient*

TKA

Knee replacement

TKR
	Exercis*

Stretch*

Rehabilitation

Physical therapy

Physiotherapy

Strengthen*

Program
	N/A
	Outcome*

Function*

Improvement*

Change


Final search strategy:
PubMed:
#1
patient*

#2
adult

#3 
TKA OR total knee replacement OR TKR

#4
osteoarthritis OR knee OA OR OA

#5
physical therapy OR rehabilitation OR physiotherapy OR strengthen* OR exercis* OR stretch

#6
outcome* OR function* OR improvement* OR change

#7
#1 AND #2

#8
#3 AND #4 AND #5

#9
#6 AND #7 AND #8

	Databases and Sites Searched
	Number of results
	

	PubMed
PEDro
Cochrane
	78
2

10
	Final Search: Knee OA AND rehabilitation AND total knee arthroplasty AND function


INCLUSION and EXCLUSION CRITERIA 
	Inclusion Criteria

	· Randomized controlled trials, controlled trials, uncontrolled trials, systematic reviews

· Published in English or Spanish

· Population of adults with knee osteoarthritis

· Must have used intervention of stretching and/or strengthening prior to TKA

	Exclusion Criteria

	· Abstracts, opinion articles, letters, dissertations

· Studies of physical therapy for knee OA with no component of TKA intervention


RESULTS OF SEARCH
Summary of articles retrieved that met inclusion and exclusion criteria
	Author (Year)
	Study quality score
	Level of Evidence
	Study design

	Brown, K et al. (2012)
	6/10 PEDro
	1b
	RCT

	Beaupre, LA et al. (2004)
	7/10 PEDro
	1b
	RCT

	Rooks, DS et al. (2006)
	5/10 PEDro
	1b
	RCT

	Silkman Baker C et al. (2012)
	9/11 Amstar
	1a
	Systematic Review

	Crowe J et al. (2003)
	5/10 PEDro
	1b
	RCT

	Topp, R et al. (2006)
	5/10 PEDro
	1b
	RCT

	Swank, A et al. (2011)
	5/10 PEDro
	1b
	RCT

	Jaggers, J et al. (2007)
	12/28 B&W
	3b
	Case Study

	Matassi, F et al. (2014)
	6/10 PEDro
	1b
	RCT

	McKay, C et al. (2012)
	5/10 PEDro
	1b
	RCT


BEST EVIDENCE
The following 3 studies were identified as the ‘best’ evidence and selected for critical appraisal.  Reasons for selecting these studies were:
	· Silkman Baker C, McKeon JM. Does preoperative rehabilitation improve patient-based outcomes in persons who have undergone total knee arthroplasty? a systematic review. PM R. 2012;4(10):756-767. doi:10.1016/j.pmrj.2012.06.005.
This study is of good quality according to the 9/11 Amstar rating, and as a systematic review, provides a nice summary of available research on this topic. This study reviewed 7 RCTs, and identified the quality of each. The findings were very pertinent to the clinical question.
· Beaupre LA, Lier D, Davies DM, Johnston DBC. The effect of a preoperative exercise and education program on functional recovery, health related quality of life, and health service utilization following primary total knee arthroplasty. J Rheumatol. 2004;31(6):1166-1173.
This study is the highest quality RCT (7/10 PEDro) that was found following a search of the literature pertaining to this topic. The study also included health service utilization and cost in the outcome measures, providing additional insight.
· Rooks DS, Huang J, Bierbaum BE, et al. Effect of preoperative exercise on measures of functional status in men and women undergoing total hip and knee arthroplasty. Arthritis Rheum. 2006;55(5):700-708. doi:10.1002/art.22223.
This was a moderately good quality RCT (5/10 PEDro) with high applicability to the clinical question. The study also looks into the effects of preoperative exercise on results after total hip arthroplasty, but this does not interfere with the results applicable to TKA.  


SUMMARY OF BEST EVIDENCE
(1) Description and appraisal of Does Preoperative Rehabilitation Improve Patioent-based Outcomes in Persons who Have Undergone Total Knee Arthroplasty? A Systematic Review by Baker et al. (2012)
	Aim/Objective of the Study/Systematic Review:

	The objective of this systematic review was to determine whether or not preoperative rehabilitation improves patient-based outcomes for patients awaiting total knee arthroplasty.

	Study Design

	Systematic Review and Meta-Analysis
Search Strategy
The researchers searched PubMed, Ageline, CIHNAL, and SPORTDiscus for articles published between 1950 and Februrary 2011. Search terms were combinations of the of the terms knee, rehabilitation, arthroplasty, preoperative, and presurgical.

Selection Criteria:

Inclusion:

· RCTs for patients scheduled to undergo TKA

· Intervention consisted of preoperative rehabilitation using lower extremity exercise

· Study included a control or comparison group

· Study included 2- to 3-month postoperative values for targeted outcome variables

Methods
The Oxford Centre for Evidence-based Medicine Levels of Evidence taxonomy was used to characterize the level of evidence. Methodological quality of the included studies as aseessed by using the Physiotherapy Evidence Database scale (PEDro). The 2 authors of the study each rated the included studies using the PEDro scale. Scores that were not originally consistent were then reviewed and given a consensus score. A funnel plot of all measures was generated in order to assess for the likelihood of publication bias.
Statistical Analysis
The researchers acquired the means and standard deviations for various outcomes. Effect size and 95% confidence intervals (CI) were also calculated for the studies. For effect sizes, values less than 0.4 were categorized as weak, values from 0.41 to 0.7 as moderate, and values greater than 0.7 to be strong. The P value for significance (alpha) is 0.05 based on the 95% CI. Effect sizes and Cis were illustrated using forest plots. A meta-analysis was performed for each of the clinical questions.

	Setting

	The settings are not reported within the systematic review, but it is assumed that the prehabilitation interventions were performed in outpatient physical therapy clinics.

	Participants

	There were a total of 7 studies that met the inclusion criteria, and were included in the systematic review. Combining all studies, there were 624 subjects. There were a total of 299 participants included in the intervention groups. 325 participants were included as comparison subjects. Among the studies as a whole, there was no statistically significant difference between the groups at baseline for each individual RCT. Mean ages of the groups was between 68-69 years. The majority of subjects were female, 59.5% in the control group and 63% in the rehabilitation group. BMI was also similar in both groups, with the control group at an average BMI of 38.6 and the rehabilitation group a BMI of 44.8.

	Intervention Investigated

	Control

	There were 325 subjects that were included in the control or comparison groups of all studies combined. Specific conditions of the control groups are not listed within the review, although it is assumed that the patients not receiving intervention underwent standard preoperative care.


	Experimental

	For each of the 7 studies included in the systematic review, basic information was provided concerning the preoperative interventions performed. Specific treatments included the following focuses:

· ROM exercise

· Strength exercise for the lower extremity

· Physical conditioning

· Endurance training

· Strength exercise for the upper extremity

· Strength exercise for the trunk

· Pain control

· Gait re-education

· Functional adaptations

· Flexibility

· Step training

· Balance

· Functional exercises

· Aquatic activities

Interventions were performed at varying intensities across all studies, ranging from 1 set of 8 repetitions to 3 sets of 10-14 repetitions. Progression of the interventions was either determined by patient comfort, ability to perform 15 comfortable repetitions of final set, and individual patient fitness level. Some of the RCTs included in this systematic review did not report intensity or progression of interventions. Duration and frequency of the interventions included the following:

· 1 group session/week for 6 weeks

· 3 sessions/week; duration varied with each patient

· Minimum of 3 sessions over 8 week period

· 3 sessions/week for 4 weeks

· 3 sessions/week for 3 weeks

· Variable from patient to patient

· 3 sessions/week for 6 weeks

	Outcome Measures (Primary and Secondary)

	The outcomes extracted from the included studies were:
· The Western Ontario & McMaster Universities Osteoarthritis Index (WOMAC), a self-report questionnaire to assess knee pain, stiffness, and function for patients with OA. It contains 24 items, which are divided into 3 subscales: pain (5 items), stiffness (2 items), and physical function (17 items). The test is scored out of 100 (with 100 being best possible score).  
· Knee flexion ROM as measured by a goniometer

· Knee extension strength

· Hospital length of stay

· Researchers also desired to use outcomes of the Knee Injury and Osteoarthritis Outcome Score (KOOS), but no studies using the KOOS met inclusion criteria.

	Main Findings

	This systematic review examined the effect of preoperative rehabilitation on WOMAC scores, knee ROM, knee extension strength, and hospital LOS.

The WOMAC was used in all 7 studies, however 4 of the 7 had the data necessary to address the question of preoperative treatments’ effectiveness based on the WOMAC. WOMAC scores were measured at a 2-3 month postoperative follow-up. The authors of the systematic review broke down WOMAC results into each subsection (pain, stiffness, function). For the pain subsection, preoperative rehabilitation had a weak effect and change was not statistically significant. The same results were found for stiffness and function sections of the WOMAC.

Only two studies met the inclusion criteria to answer the question of preoperative rehabilitation in regards to improvements in knee ROM. 2-3 months postoperatively, it was found that both studies demonstrated a weak effect of preoperative rehabilitation on knee ROM, with no statistical significance.
Two studies were included in the systematic review that were applicable ot the question of whether preoperative rehabilitation improves knee extension strength. One study used maximal force open-chain knee extension, while the other utilized a 1-rep max of the leg press. Both studies demonstrated a weak effect on improving patient’s knee extension strength 2-3 months following TKA, and both studies had a CI which encompassed zero.

Four studies were determined to have met the criteria for answering the question of whether preoperative rehabilitation decreases hospital LOS for patients with TKA. The majority of the studies did not demonstrate statistically significant results, and between al studies the effect was determined to be weak. There was one study that demonstrated statistically significant results in favour of the treatment group leading to decreased LOS. However, the authors of the review point out that the preoperative treatment group received assistance with planning for assistance at home which was necessary for discharge. It is hypothesized that this skewed results in the study in regards to LOS.

	Original Authors’ Conclusions

	The authors concluded that preoperative rehabilitation is not particularly effective for improving patient function or other outcomes following TKA as determined by WOMAC scores, knee ROM, or knee extension strength. The exception is that there appears to be a difference in hospital LOS in favour of the treatment group.

	Critical Appraisal

	Validity

[Identify the strengths and limitations of the study, including potential sources of bias.  Comment on the overall methodological quality (including the score) as you determined from your assessment of the article. Comment on anything you believe was missing in the paper.]

	Detail was provided within the systematic review pertaining to search methodology, including study selection criteria, databases used, and search terms utilized. It was explained by the authors of the review why articles were not included. The authors also outlined specific inclusion criteria. The authors clearly stated the methods and scoring tool that were used to assess the quality of the individual studies. Article quality was taken into account when analyzing data and making conclusions about the results. Sources of bias were explained within the paper, and determined to have minimal to no effect on the results.

All research studies included in this systematic review were RCTs, and were given quality scores by means of the PEDro scoring system. The mean score between all studies was 5.8/10 on the PEDro scale. In further detail, there was a mean PEDro score of 6.5/10 for studies evaluating WOMAC scores, 6.5/10 for studies evaluating knee ROM, 4.5/10 for studies assessing knee extension strength, and 6.7/10 for studies pertaining to hospital LOS. 

	Interpretation of Results

[This is YOUR interpretation of the results taking into consideration the strengths and limitations as you discussed above.  Please comment on clinical significance of effect size / study findings. Describe in your own words what the results mean.]

	The results provided in this systematic review indicate that 3-8 weeks of preoperative rehabilitation does not improve patient outcomes measured 2-3 months after TKA. While the results from the various studies did not generally show statistical significance, it is difficult to draw conclusions since effect sizes varied quite a bit between studies. The study was also limited due to a low number of included RCTs, specifically a low number of RCTs that pertained to each outcome measure. There were 2 identified outcome measures that each only had 2 studies that examined them. There were at most only 4 studies used to answer any one of the questions. It is difficult to determine results based on duration and/or frequency of interventions. It was promising that hospital LOS did demonstrate a more likely influence from the intervention.


(2) Description and appraisal of The effect of a preoperative exercise and education program on functional recovery, health related quality of life, and health service utilization following primary total knee arthroplasty by Beaupre LA, et al. (2004)
	Aim/Objective of the Study/Systematic Review:

	The purpose of this study was to evaluate the effectiveness of a preoperative exercise and education program on economical and patient-based outcomes following TKA. 

	Study Design

	- Randomized Clinical Trial with blinding of physical therapist performing assessments.
- Subjects were selected for the study from a waiting list of patients awaiting TKA from seven different orthopaedic surgeons.
- An exercise group and control group were created for baseline and follow-up comparisons.

	Setting

	The treatment group received the presurgical interventions at a community physical therapy clinic convenient for each patient. The initial and preoperative assessments are assumed to have been taken at the University of Alberta Hospital. 

	Participants

	- There were 131 subjects in the study, with 65 randomized to the treatment group and 66 to the control group.
- Patients were recruited by review of a waiting list of patients awaiting TKA from 7 different orthopaedic surgeons. Patients were then contacted and invited to enrol in the study.
- The mean age of the patients in the study was 67 years, with a standard deviation of 6.5.
- Females made up 39% of the treatment group and 33% of the control group.
- The intervention group and control group had very similar key demographics in regards to age, BMI, and a diagnosis of osteoarthritis.
- Presurgical baseline characteristics, such as Western Ontario and McMaster Arthritis Index (WOMAC) scores, muscle strength, ROM, and 36-Item Short Form Health Survey (SF-36) scores were all similar with no statistical difference between groups.

	Intervention Investigated

	Control

	The control group was intended to represent usual care prior to TKA. Subjects in the control group were asked to continue with regular activities until their surgery. These patients were not required to record personal exercise levels. Preoperative exercise levels were determined entirely by the patient, and the patients were not told to avoid seeking out additional treatment.

	Experimental

	The patients in the intervention group were asked to attend the following treatment program 3 times per week for 4 weeks, leading to a total of 12 total sessions. 
Education Program
- The education program aspect of the intervention consisted of instruction in crutch walking, bed mobility and transfers, and the postoperative ROM routine. 

Preoperative Exercise Program 
Warm-up:

- Hot pack to involved knee for 15 to 20 minutes with the patient resting.

- Low resistance stationary cycling, starting at 5 minutes and progressing to 10 minutes by week 2.

Exercise Parameters:

- Begin program at 3 sets of 10 repetitions in week 1.

- Progress to 3 sets of 15 repetitions by treatment day 7 (start of week 3).

- Patients are encouraged to increase resistance of exercises as tolerated.
Specific Exercise Program:

- Isometric quadriceps contraction

- Straight leg raise to 45 degrees of hip flexion

- Short arc quad contraction

- Isotonic quad contraction in sitting from 90 to 0 degrees

- Hamstring contraction in sitting with tubing for resistance

Cool-down:

- Apply ice pack to involved knee for 15 to 20 minutes with patient at rest

	Outcome Measures (Primary and Secondary)

	The following outcome measure assessments were performed or administered by a physical therapist, who was not involved in the subsequent interventions. Measurements were taken at enrolment (baseline), just before surgery, 3 months postoperative, 6 months postoperative, and 1 year postoperative. The baseline assessment occurred approximately 6 weeks prior to surgery. 
Outcome measures included the following:
- WOMAC

This measure is a self-report questionnaire to assess knee pain, stiffness, and function for patients with OA. It contains 24 items, which are divided into 3 subscales: pain (5 items), stiffness (2 items), and physical function (17 items). The test is scored from 0 to 100 (with 100 being best possible score, indicating least dysfunction).  
- SF-36

The SF-36 is a self-report measure designed to assess health-related quality of life for patients across a variety of diagnoses. Subscales on this measure include physical functioning, role limitations due to physical problems, general health perceptions, vitality, social functioning, role limitations due ot emotional problems, general mental health, and health transition. This measure contains 36 items, and is scored on a 0 to 100 scale. Scores closer to 100 indicate greater quality of life, or less disability.
- Knee flexion range of motion (ROM) 

Knee ROM was measured with the patient in supine by the aforementioned physical therapist, using a goniometer.
- Quadriceps Strength

This measure was recorded in units of lbs of force. This was recorded by use of a hand-held dynamometer.
- Hamstring Strength

This measure was recorded in units of lbs of force. This was recorded by use of a hand-held dynamometer.
The following oucome measures were also used to measure the effect of preoperative rehabilitation:
- Health Services Utilization

This measure consisted of various information such as acute care length of stay, transfer length of stay (subacute rehab facility), readmission length of stay, and total length of stay. The information was gathered from regional administrative databases.
- Health Services Cost

This measure was gathered by assessing unit-costs (expressed in Canadian dollars).

	Main Findings

	There were no significant differences (over time or between groups) in mean scores on any outcome measures from the initial assessment to the preoperative assessment. A p-value of less than 0.05 was used to determine statistical significance. On the quadriceps strength testing, there was nearly a significant difference (p = 0.06) from baseline to preoperative follow-up. The control group did not demonstrate this change. 
Postoperatively, there were statistically significant differences noted over time with all measurements, except for one component of the SF-36 (general health). The quadriceps strength difference between groups at preoperative follow-up was no longer present postoperatively. On the vitality construct of the SF-36, there was a significant difference between groups, but not on any other aspect of this measure. Other than this one dimension of the SF-36, there were no significant differences in clinical measures between groups during the 1-year postoperative period. 
For the remaining outcome measures, health service utilization and cost, there were some differences but none of them deemed statistically significant. For example, the treatment group on average stayed in the hospital for one day less (p = 0.14). There were no differences in the outcomes of health services cost between groups.

	Original Authors’ Conclusions

	The authors conclude that a preoperative exercise and education program does not lead to improvements in health-related quality of life or physical function. The authors did acknowledge that some short-term differences may have been missed due to no follow-up until 3 months after TKA. However, they conclude that if any changes did exist between groups, they were no longer present by the 3-month follow-up.  

	Critical Appraisal

	Validity

	Thorough detail was provided within the study concerning methodology. The intervention program could be easily replicated due to details provided regarding education and exercise parameters. This study had a much larger sample size than others that have explored the same topic. Also, it was stated within the article that a sample size of 130 is needed in order to detect a difference of 10 points on the WOMAC, the main functional measure of the study. (p 1168) One unique strength of this study is that it also looked into health services utilization and cost. This paper received a 7/10 PEDro score, mainly being decreased from a full score due to a lack of blinding for all parties involved, as well as less than 85% of initially allocated participants providing end results. Another limitation of this study is the relatively short duration of the preoperative exercise program, as it only took place for 4 weeks. Also, the lack of postoperative follow-up until 3 months following surgery may miss the potential short-term benefits of the intervention. Patient satisfaction was not measured within the study, which might provide valuable insight into other differences that might exist between groups. 

	Interpretation of Results

	The results do not support a relatively short duration preoperative education and exercise program for adults from 40 to 75 years of age. This study was unique in its inclusion of health services utilization and cost as an outcome, and this could be a valuable asset to similar studies in the future. The study had a good sample size and was of moderate to high quality according to the PEDro scale for RCTs. The authors did point out that quadriceps strength had a nearly statistically significant change, and this could indicate potential clinical significance regardless. Some studies have shown a relationship between quadriceps weakness and knee osteoarthritis. 14,15 As discussed previously, the intervention program lasted for only 4 weeks, which narrows the application of the results to short term programs. Many of the research studies available in the literature that demonstrate strength gains and functional improvements for patients with knee OA are performed over a longer period of time. 11,12,13 It would be beneficial for future research in this area to be conducted with the intervention taking place for a longer period of time preoperatively.


(3) Description and appraisal of Effect of preoperative exercise on measures of functional status in men and women undergoing total hip and knee arthroplasty. by Rooks, et al. (2006)
	Aim/Objective of the Study/Systematic Review:

	The purpose of this study was to examine the effects of a preoperative exercise program on pain, functional status, and muscle strength of patients before and after total joint replacement.

	Study Design

	- Randomized controlled trial, single-blind.
- Methods of random sequence generation and allocation concealment were not reported.

- The blinding of the study occurred with the testers, who were blinded to which group patients were assigned.
- An exercise group (experimental) and control group was created for both hip and knee replacements.

- Outcomes were measured at 4 different time points: 1) Pre-intervention, which was within 7 days of starting the program; 2) Post-intervention, which took place presurgically within 7 days of finishing the exercise program; 3) 8 weeks postoperative; 4) 26 weeks postoperative

	Setting

	The interventions took place at a community fitness facility in the New England area, United States.

	Participants

	- There were a total of 942 patients who met the inclusion criteria, but only 108 consented to enrol in the study, leading to a recruitment rate of 12%.
- Patients included those who were scheduled for either total knee arthroplasty (TKA) or total hip arthroplasty (THA).

- Participants were recruited from a database of 7 participating orthopaedic surgeons performing surgeries at New England Baptist Hospital. A research assistant called the potential patients to recruit them for the study.

- The randomization of patients led to similar key demographics between groups at baseline, with no significant differences such as age, gender, and BMI.
- On average, patients in the THA group were 57% women, overweight/obese, around 60 years of age, and had 1-2 comorbidities.

- On average, patients in the TKA group were 53% women, obese, about 67 years of age, and had 2-3 comorbidities.

- There were no differences at baseline for measures such as the Western Ontario and McMaster Osteoarthritis Index (WOMAC), 36-Item Short Form Health Survey (SF-36),  Funcional Reach, or Timed Up and Go test (TUG). There was some difference noted in the THA group in reference to leg press strength at baseline, with the exercise group having lower strength than the control group.

	Intervention Investigated

	Control

	The control group received educational information that was taken from a preoperative informational booklet provided to patients that undergo total joint arthroplasty at New England Baptist Hospital. The patients in this group received a handout containing home safety tips during week 1. During week 2, these patients received a follow-up phone call. For week 3, a handout was received that discussed information to prepare for surgery and what to bring to the hospital. In week 4, another follow-up phone call was made to answer questions and set a postintervention (presurgical) assessment date. Lastly, a phone call was made during week 6 to confirm the postintervention appointment.

	Experimental

	The intervention group performed aquatic and land-based exercise 3 times per week for 6 weeks prior to surgery. The exercise sessions were delivered by a physical therapist, each session lasting 30-60 minutes. All exercises were performed as follows, with some variance according to individual patient abilities.
For the first 3 weeks, participants in this group performed 1-2 sets of 8-12 repetitions of single-joint exercises while standing in a therapy pool in chest-deep water. These exercises involved the cervical spine, shoulders, elbows, wrists, hands, hips, knees, and ankles.

For weeks 4 to 6, the program was land-based and approached cardiovascular, strength, and flexibility training. A warm-up of 10 minutes on a stationary bike or elliptical would be performed at the start of the session. Following warm-up, the patients performed the following exercises for 2 sets of 8-12 repetitions: 

- On resistance machines: seated row, chest press, an leg press

- With hand weights: biceps curl and triceps kickback

- Using bodyweight only: movements for the shoulders and abdomen

Following these strength exercises, the patients performed stretching of the hip, knee, and ankle flexors and extensors, as well as hip adductors. Stretches were performed twice for 20 seconds.

	Outcome Measures (Primary and Secondary)

	The following outcome measures were collected at the aforementioned time points for all patients in both TKA and THA groups. The article does not state who administered the outcome measures.
- WOMAC

This measure is a self-report questionnaire to assess knee pain, stiffness, and function for patients with OA. It contains 24 items, which are divided into 3 subscales: pain (5 items), stiffness (2 items), and physical function (17 items). The test is scored from 0 to 100 (with 100 being best possible score, indicating least dysfunction).  

- SF-36

The SF-36 is a self-report measure designed to assess health-related quality of life for patients across a variety of diagnoses. Subscales on this measure include physical functioning, role limitations due to physical problems, general health perceptions, vitality, social functioning, role limitations due ot emotional problems, general mental health, and health transition. This measure contains 36 items, and is scored on a 0 to 100 scale. Scores closer to 100 indicate greater quality of life, or less disability.

- 1-repetition maximum leg press

This was used to demonstrate lower extremity strength for knee and hip extension. The measure was performed by the patient performing 6-8 “warm-up” repetitions. The participants then performed repeated single repetitions of the movement with 60-second rest periods between attempts. The result was determined when the patient successfully reached his or her greatest amount of resistance moved.

- Functional reach test
This test was used as a means of quantifying the participants’ balance. The participants stood against a wall with a yardstick mounted to it. Without leaving the wall, they would attempt to reach as far as possible forward without taking a step. 2 trails were performed with each patient, and the farthest successful forward reach was recorded.

- TUG

This test was used to assess general mobility. It is a test in which the patient rises from a chair upon command, walks 10 feet, turns around, and returns to the chair to sit down again. The tester starts the timer when the person first stands, and stops it when they sit down. The researchers used the average of 2 trials to determine the participants’ final score.

The researchers also used other measures such as hospital length of stay (LOS), discharge location, amount and type of pain medication used following surgery, distance walked on postoperative day 3, and complications from surgery.

	Main Findings

	Complications occurred postoperatively in 11 participants, 4 of which had THA and 7 with TKA. All of the complications for THA patients occurred in the control group. For TKA patients, complications occurred in 3 exercisers and 4 non-exercisers. None of the complications required readmission to the hospital.
There was a statistically significant difference in WOMAC scores for THA patients in the exercise group compared to the educational control group, at the preoperative follow-up. There were no significant changes in WOMAC scores for patients undergoing TKA, at the preoperative follow-up. 
Postoperatively, any preoperative differences seen in the THA group were neutralized and no longer present. Also, patients in the TKA group experienced no significant differences in WOMAC scores at any follow-up period postoperatively.

Patients in the THA group experienced improved physical function scores on the SF-36 during the 6 week preoperative intervention, resulting in a significant change (P = 0.003). Significant change did not occur in THA patients on the bodily pain subscale of the SF-36 preoperatively. TKA patients in the exercise group had worse scores on the SF-36 following the 6-week exercise program compared to the control group, resulting in a significant difference. Long term postoperatively, there were no differences in SF-36 scores between groups or types of surgery.
There were no significant differences noted in TUG scores during the 6-week intervention period or over time postoperatively. This was true between groups as well as across time. Likewise, there were no statistically significant changes in either THA or TKA groups as measured by the functional reach test.

The THA exercise group improved leg press strength preoperatively by 18% compared to no change in the control group. The TKA exercise group improved leg press strength preoperatively by 20%, with no change in the control group. Interestingly, the exercise group of THA patients had a 21% reduction in leg press scores from the preoperative assessment to the 8-week postoperative follow-up, while the control group had no change. From week 8 to week 26, both groups improved and demonstrated no difference between groups. For patients with TKA, the exercise group had a 2% increase in leg press score at 8-weeks postoperative compared to baseline while the control group had a 17% decrease compared to baseline scores.
65% of patients in the exercise groups were discharged home following the hospital stay as opposed to discharge to a rehab facility. However, the control group had only 44% of patients discharge directly home while 56% were discharged to a rehab facility. 
76% of participants in the exercise groups were able to perform walking for 50 feet at postoperative day 3. For the control groups, 61% were able to walk 50 feet on postoperative day 3.

	Original Authors’ Conclusions

	Exercise intervention for 6 weeks prior to total joint replacement is effective to improve function in patients undergoing THA, while this is not the case for patients undergoing TKA. Patients receiving THA and TKA experience lower extremity strength gains from a preoperative exercise program, however these strength gains do not maintain at 24 week postoperative follow-up. Patients undergoing both THA and TKA are more likely to be discharged directly home following inpatient hospital recovery.

	Critical Appraisal

	Validity

	This study received a 5/10 on the PEDro scale for the following - Eligibility Criteria: Yes; Random Allocation: Yes; Concealed Allocation: No; Baseline Comparison: Yes; Blind Subjects: No; Blind Therapist: No; Blind Assessors: No; Intention-to-treat analysis: Yes; Between Group Comparison: Yes; Point Estimates and Variability: No. 
Strengths of this study include it’s randomization of groups and blinding of testers performing the assessments. Also, the variety of outcome measures used within the study provided a broad scope of assessment. There were high attendance rates among people in the intervention group, likely indicating patient satisfaction with the intervention. 
Limitations of this study include a significantly low recruitment rate (12%), some differences in characteristics between groups at baseline, and short time period of strength training (3 weeks). 

	Interpretation of Results

	This study presents useful information regarding a preoperative exercise program for individuals undergoing total joint arthroplasty. The study had moderate quality according to measures of validity as outlined on the PEDro scale. It was helpful that the researchers implemented a variety of outcome measures, which appears to increase the study’s ability to catch any significant changes over time or between groups. The results of the study demonstrate that a preoperative exercise program prior to total joint arthroplasty is not effective at making long-term functional changes in either THA or TKA. However, clinical significance of this study is somewhat limited due to a unique and specific method of preoperative exercise. Many physical therapy clinics do not have access to a pool, and aquatic exercise made up 3 of the 6 weeks for the intervention. Subsequently, strength training only took place for 3 weeks, which is less than has been recommended for optimal strength gains. 16 It is also possible that the reason patients with THA experienced increased change compared to those with TKA because a different approach is needed for patients with osteoarthritis in different parts of the body.


EVIDENCE SYNTHESIS AND IMPLICATIONS
	IMPLICATIONS FOR CLINICAL PRACTICE
The evidence reviewed does not support a preoperative exercise program to improve long-term patient outcomes in an adult with knee osteoarthritis scheduled to undergo TKA. The evidence does show some trend towards favourable changes in discharge outcomes, such as a decrease in hospital LOS and decreased likelihood of being discharged to a rehab facility. In the systematic review by Silkman et al (2012), it was reported that one study demonstrated statistical significance in favour of preoperative exercise for decreasing hospital LOS following TKA. 1 In the randomized controlled trial performed by Rooks et al (2006), a statistically significant difference was found in the percentage of patients discharged to home versus a rehabilitation facility in favour of the exercise group. 
Although preoperative exercise as reviewed has not been shown to be effective at improving functional or quality of life outcomes following TKA, there is definitely promise in the discharge findings. Another study that supports a decrease in hospital stay, which was not included in this review, was a randomized controlled trial by Crowe and Henderson (2003). 5 These researchers found that a preoperative rehabilitation program  was effective at reducing TKA postoperative hospital stay by an average of 4 days compared to a group receiving usual care before surgery. The implications for clinical practice are significant. While the study by Beaupre et al (2004) did not report health service cost reductions, they did report that their study was underpowered to effectively evaluate cost. However, it would seem clear that a reduction in days spent in the hospital postoperatively could significantly reduce health service costs. 
Furthermore, there is some contrary evidence in the literature that supports preoperative exercise for improving functional outcomes. A randomized controlled trial by Swank et al (2007) reported that a preoperative exercise program for an average of 5.5 weeks was effective at improving strength and function in patients with severe knee OA prior to TKA. 7 Another study, by Matassi et al (2014), demonstrated that a preoperative exercise program led to better knee ROM outcomes following surgery. 9 Studies such as these were not included in the article review due to weaker quality. However, they provide some encouraging results and suggest that utilizing preoperative exercise for individuals planning to undergo TKA may yield functional benefits.
IMPLICATIONS FOR FUTURE RESEARCH
It appears that most research-related preoperative exercise programs include lower extremity stretching and strengthening, although the specific parameters of these exercise interventions vary. 1,2,3 For example, Beaupre et al (2004) created a preoperative exercise program consisting of 12 sessions over a period of 4 weeks. 2 The sessions consisted of a warm-up and cool-down with several lower extremity single-joint exercises in between each performed for multiple sets. On the other hand, the article by Silkman et al (2012) reports various other types of intervention programs. These range from 1 exercise session per week to 3 sessions per week, and from 3 total weeks of exercise to 6 weeks of exercise. The components of the exercise sessions also varied greatly between the 7 articles included in their systematic review, with no two studies utilizing identical or even closely similar protocols.
There is an obvious need for future research to be conducted with more substantial and consistent preoperative rehabilitation programs. Several high-quality studies have demonstrated the effectiveness of physical therapy to decrease pain and increase function in adult patients with knee osteoarthritis. 12,13,17 These studies consist of exercise intervention programs generally lasting 2-3 months, or even longer. Future research can benefit from employing longer intervention duration for patients scheduled to undergo TKA. This should be possible in many circumstances, as average TKA wait times have been reported to be from 3 months up to about 7 months, varying by geographical area and population. 18,19 In addition to longer duration of preoperative exercise programs, future research would benefit from more consistent parameters of the exercise interventions. It is difficult to draw conclusions from available research due to the scattered nature of the specific aspects of the programs.
Lastly, the age of patients within the reviewed studies was quite varied. While the clinical question sought a more broad pool of research by focusing on “adults” with knee OA, future research could identify an age-response relationship by more closely evaluating differences between ages. All studies reported age as a key demographic, however this was not a focus of evaluation for possible outcomes correlations. It has been reported that while older adults can increase strength through exercise, the improvements are greater in a younger population. 19,20 Research focusing on the effectiveness of preoperative exercise for different age groups could provide useful information for making clinical decisions in the future.
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