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Osteoarthritis is a chronic disease causing complex, multifactorial joint degeneration which prevalence increases with age.  Numerous studies and cures are currently being tested and tried all over the world.  Overall, one of the key points to finding an effective treatment to this disease is to improve the quality of life for the patients affected with osteoarthritis.  As with any disease, pain can play an important factor, and is one of the greatest complaints from those afflicted with osteoarthritis. Current treatments can range from but are not limited to, prescribed medications, acupuncture, naturopathic medicine, and relaxation techniques.  With life expectancy constantly increasing, the need for effective treatment has become more direly needed.
In the following paper we will be focusing on three research articles that incorporate research and treatments for oseteoarthritic patients.  

Methods

Introduction and Lit Review

The article written by Rozendaal et al., discusses the use of glucosamine sulfate in treating osteoarthritis (2008).  The introduction briefly discusses the design and overall purpose of the study.  The purpose is stated as “to explore some for the uncertainties regarding the effectiveness of glucosamine sulfate…evaluate the effect of glucosamine sulfate on the symptomatic and radiographic progression of hip osteoarthritis in patients recruited from primary settings” (Rozendaal, et al., 2008, p.268 ).  The article incorporates other research findings that do not come to a conclusion on whether glucosamine sulfate is beneficial to patients with hip osteoarthritis (Rozendaal, et al., 2008).
Prior to the introduction, Silva et al., provides an abstract for the research article.  The article defines osteoarthritis as “a chronic disease characterized mainly by complex, multifactorial joint degeneration” (2008, p.13).  The authors then discuss previous research findings in regards to land based exercises and aquatic exercises as therapy for osteoarthritis; these topics are discussed separately within previous research.  A study that evaluated both land based and aquatic based exercise is described next.  This study’s subject were patients with hip and knee osteoarthritis and the study was only six weeks long, leading the researchers to believe further investigation needed to be completed (Silva, et al., 2008).


The introduction of the article written by Tsang, et al, investigates the prevalence of knee osteoarthritis and different treatment modalities available to patients.  In cases where severe damage has been done, patients undergo total knee arthroplasty and most experience significant pain and swelling as a result of the surgery (Tsang, et al., 2007).  This study’s purpose was to investigate the use of sham acupuncture compared with acupuncture in regards to “pain relief, knee ranges of motion and ambulation in patients with knee osteoarthritis undergoing bilateral total knee arthroplasty” as there is a deficit of research regarding this topic (Tsang, et al., 2007, p.720).  


All three of the article’s introductions included lit reviews.  The article written by Tsang et al., states there is little known about the subject, but does not list previous research.  The articles written by Rozendaal and Silva incorporated previous research findings whether inconclusive or conclusive.  Rozendaal et al.’s article does not include an abstract, while the other two do. 
Design and Methods

Rozendaal et al.’s study was a two-year, blinded, randomized, placebo controlled trial (2008).  Everyone including the assessors, the patients, the data analysts and the researchers, were blinded from the assignment of participant placement of glucosamine vs. placebo group. Randomization was conducted by a computer-generated list.   Each individual patient was given written informed consent and the study was approved by the Medical Ethics Committee of the Erasmus Medical Center in the Netherlands (Rozendaal, et al., 2008).  The only inclusion criteria were meeting the American College of Rheumatology clinical criteria for hip osteoarthritis upon examination.  Exclusion criteria included having undergone a hip replacement surgery and/or were waiting for one, those who had a Kellgren and Lawrence score of 4, renal disease, liver disease, diabetes mellitus, other disabling comorbid condition that would make it difficult to make appointments, already taking glucosamine, or unable to fill out the Dutch questionnaire (Rozendaal, et al., 2008).  Subjects were randomly placed into each group; one that took 1500 mg of glucosamine sulfate orally and the other which took a placebo that was identical in color, size and taste (Rozendaal, et al., 2008).  The subjects were assessed in three-month intervals, specifically at three, twelve and twenty four months.
Silva et al.’s study was a randomized trial that took place in Sao Paulo, specifically at the Rheumatology Outpatient Clinics (2008).  Inclusion criteria for the study “included clinical and radiographic diagnosis of OA of the knee according to the American College of Rheumatology criteria and knee pain ranging from 30 to 90 mm on a visual analog scale (VAS)” (Silva, et al., 2007, p. 13).  The exclusion criteria consisted of “neurological diseases of the lower limbs, symptomatic heart disease, symptomatic disease affecting the extremities other than OA of the knee, symptomatic lung disease, severe systemic disease that could interfere with the assessments, psychiatric disorder, epilepsy, skin disease or an inability to walk” (Silva, et al., 2007, p.13).  Participants were selected for either the land based or aquatic based therapy by drawing lots (Silva, et al., 2007).  One investigator was used to perform all pain, function and gait evaluations (single-blinded) (Silva, et al., 2008).  Patients were evaluated at zero, nine and eighteen weeks (Silva, et al., 2008). Although patients who did not adhere to the specified exercise program were excluded, their data was still used in statistical analysis (Silva, et al., 2008).

The study completed by Tsang, et al was a double blind, randomized controlled trial (Tsang, et al., 2007).  The inclusion criteria included “being diagnosed with bilateral primary knee osteoarthritis and having undergone bilateral total knee arthroplasty in the orthopaedic wards of the Queen Mary hospital”, “being able to complete daily postoperative physiotherapy programme for 10 sessions within two weeks”, and being 60 years old or above (Tsang, et al., 2007, p.720).  The exclusion criteria stated were “inability to give consent,; postoperative complications such a unstable haemodynamics and deep vein thrombosis; history of neoplasm or stroke or having associated rheumatological conditions or psychiatric disorders; deranged clotting profiles or currently taking anticoagulants; skin diseases; unstable cardiac conditions; sensory deficit at lower limb; fear of acupuncture; and previous experience with acupuncture” (Tsang, et al., 2007, p.720).  There were two groups within the study; one that received acupuncture with traditional postoperative teaching and another that received sham acupuncture with traditional postoperative teaching (Tsang, et al., 2007).  Three different doctors performed the acupuncture procedures, but met prior to the procedures to standardize their technique (Tsang, et al., 2007).  

Each of the studies were double blinded, randomized controlled trials.  The inclusion and exclusion criteria were specified in each study.  However, the study completed by Tsang et al, identified the most extensive criteria for inclusion and exclusion.  All three of the articles explain the placement of subjects in groups in great detail and how efforts were made to keep each group random and blinded. 

Variables and Measurement of Variables

The article authored by Rozendaal et al., lists the independent variables as demographics, glucosamine use and placebo use (2008).  The dependent variables were pain, which was measured by the Western Ontario and McMasters Universities Osteoarthritis Index (WOMAC) and joint space narrowing, which was measured by the QBone Planner 5.4 (Rozendaal, et al., 2008).  The reliability of the QBone Planner 5.4 was not discussed in the article.  The reliability and validity of the WOMAC index was not discussed in this article specifically, although other articles mentioned it is quite reliable (Rozendaal, et al., 2008).    

Silva et al.’s research has the independent variables of demographics, hydrotherapy and land-based exercise (2008).  The dependent variables were pain and walking time.  Pain was measured by the Visual Analogue Scale (VAS) which has been discussed as a very reliable and valid way of rating pain in patients with OA, the WOMAC index which has adequate reliability and validity according to the authors, as well as the Lequesne Index which the authors say is also reliable and valid (Silva, et al., 2008).  

The article written by Tsang et al. has the independent variables of demographics, acupuncture plus physiotherapy and sham acupuncture plus physiotherapy (2007).  The dependent variables are pain, active and passive range of motion and ambulation.  Pain was measured by the Chinese 11-point numeric pain scale, which has excellent test-retest reliability.  Active and passive range of motion was measured by the standard goniometer (Tsang et al., 2007).  The reliability and validity of this measurement tool was not discussed.  Finally, ambulation was measured by the up and go test (Tsang et al., 2007).  

Sampling Method
In Rozendaal’s study, the sampling method is stratified. The author used a “computer-generated, blinded randomization list provided by an independent researcher to randomly assign patients to a glucosamine sulfate or placebo. This list, which was randomized per block of 6 numbers, stratified patients by radiologic findings...” (Rozendaal, et al., 2008, p. 269). Refer to the Appendix for a detailed diagram of the sampling method. This type of sampling method is aimed at increasing the external validity of the study. It allows for adequate representativeness of the target population. 
Silva et al.’s study uses a simple random sampling method. It is the most basic type to use in a research study. It does not have a large effect on the internal or external validity. The participants were selected into either the land-based or water-based group by drawing lots (Silva, et al., 2008). 
The study completed by Tsang et al. used “block randomization… to randomly allocate patients to the acupuncture group or the sham acupuncture using blocks of four by the first author  (RCCT)” (Tsang et al., 2007, p.720). Refer to the Appendix for a detailed diagram of the research design. This type of design is not a familiar design but it is more systematic then it is simple random sampling. The effects on external and internal validity are unknown because of the unfamiliar sampling method. 
The second article written by Silva et al. used simple random sampling to select participants and is the easiest type of method to understand. In comparison, the sampling conducted by Rozendaal et al. used a stratified sampling technique. This type of sampling method is more effective because it addresses the target population. It ensures that all levels of the identified variables within the study are adequately represented in the sample. The third article, written by Tsang et al is hard to compare because the method is unknown/unfamiliar. 
Sampling Method, Population, Criteria, Recruitment Methods

The study written by Rozendaal et al, gave a detailed explanation on the sampling method they used; it was a stratified sampling method. The design used allows the results to be generalized, in comparison to the other two articles, because it has the strongest internal and external validity of the design. The inclusion criteria are given but it is lacking the explanation. The exclusion criteria were far more detailed and informative. The recruitment method allowed for diversity because multiple practitioners referred their patients to the study.

The second article, written by Silva et al, used the basic approach by using a simple random sampling method. This technique does not allow much control over external and internal validity; variables are not taken into consideration.  Similar to the previous study, the inclusion criteria was given but it did not provide an explanation. The exclusion criteria were lengthy and very detailed. One could conclude that the findings could be generalized to the target population but less to the general population. 

The third article, written by Tsang et al, uses a type of randomized controlled trial sampling method, unique and unknown to the professor. The randomization allows for the selection process to better represent the target population.The researcher gave a specific, detailed explanation for the inclusion and exclusion criteria. 
Results
Quality of Results Section

Rozendaal et al. (comparing glucosamine versus placebo treatments) provided internal validity by stating that both groups had similar baseline characteristics (2008). The results are easy to see but they are not clearly explained. Rozendaal et al. gave tables and figures to illustrate their findings. The differentiation of the primary and secondary outcome measures into separate sections helped to organize and simplify as the articles are being read. The results were presented but the researcher never directly addressed whether the hypothesis was rejected or accepted. The researchers also kept the information that they acquired from the participants that dropped out at various stages of the research process. This data was included in the analysis which seems confusing and possibly misleading. However, the researchers did provide demographic information (age, sex, etc) about the participants that dropped out which seemed to account for the loss in validity. Rozendaal et al. had results that were provided in multiple instances only to state that they were excluding clinically important information without providing reason or explaining why they chose to do this. 


Silva et al. (hydrotherapy versus land-based exercise on pain management and functional improvement) clearly and understandably presented their results by using tables to illustrate the findings (2008). When addressing each intervention in the study, the researchers provided a table with statistical evidence to reinforce there findings. They accounted for the sample mortality by stating from which groups the participants left. The findings also included the incomplete data from those that had dropped out of the study midway. They did not address how they dealt with this data so the results that they extrapolated using this information may be misleading because it is incomplete. Primary and secondary outcome measures are not clearly identified in different categories. Silva et al. clearly stated whether there was or was not a difference between the two exercise groups. 


Tsang et al. (acupuncture versus sham acupuncture and physiotherapy in patients undergoing knee arthroplasty) provides readers with a clear and concise report of findings that are simple and support ease of reading (2007). A table of the results is given and very clearly complements their verbal account of the findings. The researchers showed t-test statistics to show that the groups were homogenous prior to treatment which supports internal validity. They also provided demographic data regarding the participants and those that dropped out (sample mortality) to offer possible limitations in external validity. P-values are given in the text and they plainly offer evidence that lead them to their conclusions. 


 When comparing the three articles there were a few common traits in the quality of their research. In the beginning of each article the authors concisely explained their sample group. In the explanation they included how many individuals participated, how many were randomly allocated each treatment group and if there were any drops outs. Rozendaal et al. did a much better job providing the demographics of the sample mortality. This allows the reader to better evaluate the external validity of the study. The Rozendaal et al. and Tsang et al. articles provided a clear diagram representing how the participants flowed through the research process. All three articles explained their sample demographics in a clearly understandable chart. Overall, each article had quality charts that illustrated the verbal explanations of the results. Tsang et al. had the best textual representation of their findings in terms of clarity, simplicity and ease of understanding. Since the Tsang article was clearly structured and designed we would recommend that the research be checked for errors, and be repeated to correct for the unexpected minimal significant results. In there explanation of their finding in the results section all three articles stated whether or not there was a significant difference between the groups they were studying. These statements and statistics are important because they help in understanding the results and creating a solid conclusion with the findings. However, the Tsang et al. and Silva et al. articles did not go into as depth as Rozendaal et al. when explaining their results which could cause some confusing on the information presented.  
Results 
The results when comparing the effectiveness of glucosamine vs. placebo were found using the formula (scores on glucosamine sulfate minus scores on placebo pills) over the 24 months of protocol. “The mean difference …in WOMAC pain scores over 24 months was -1.54… [and] the mean difference in WOMAC function scores at 24 months was -2.01” (Rozendaal et al., 2008, p.271). The sensitivity analysis of the primary outcome measures found there to be no clinically significant difference between the two treatment groups. The findings regarding joint space narrowing were revealed as inconsistent in determining a significant difference between the two interventions because “none of the…differences were consistent with the minimal clinically important change of 0.25 mm” (Rozendaal et al., 2008, p.271). The results from the secondary outcome measures indicated that there was a small average difference in pain and function in the data at the scheduled intervals (3, 12, and 24 months). When comparing stiffness between the two treatment groups, Rozendaal et al.’s research showed that there was again no clinically significant difference (WOMAC overall difference was -0.98) (2008). When measuring pain with a visual analogue scale, there was again no clinically significant difference between the groups (WOMAC overall difference was -2.04) (Rozendaal et al., 2008, p.272). Lastly, “pain medication use decreased after baseline in both groups” (Rozendaal et al., 2008,  p.272).

Overall, the two groups both displayed a decrease in pain. However, neither group showed a significantly greater decrease in pain when compared to the other group. The results from the Lequesne Index proved that the two groups were not significantly different in terms of pain, discomfort, maximum distance walked and ADL’s (P=0.333) (Silva et al., 2008). The researchers also report no significant difference between the groups in WOMAC scores (P=0.185) (Silva et al., 2008). When comparing pain before and after a 50-foot walk test, the water-based exercise group had more significant decreases in pain scores when compared to land-based exercise group and the majority of this reduction occurred within the first 9 weeks of protocol (Silva et al., 2008). The researchers reported that physical performance of both treatment groups improved overall. Lastly, the use of the provided NSAID (sodium diclofenac) was reduced; both groups felt less need for pain-reducing medications in the last months of protocol (Silva et al., 2008). 

At baseline, there was found to be “no significant differences in the demographic and clinical characteristics among the completers between the two groups except the performance in preoperative timed up-and-go test” (Tsang et al., 2007, p.722). “The overall averages (SD) of mean pain scores were 2.2 (1.4) and 2.6 (1.2) at rest, and 6.5 (1.5) and 5.7 (1.7) at maximum from postoperative day 4 to15 in the acupuncture group and sham acupuncture group respectively” (Tsang, 2007, p.722).They found there to be no significant difference between the acupuncture and sham acupuncture group in the “mean pain scores at rest and at maximum”, nor was there a difference in the average number of analgesic tablets that were taken (Tsang et al., 2007, p.722). With P-values from 0.098 to 0.930 with ANOVA testing, Tsang et al. determined that there was no significant interaction between ROM  (active and passive) and the timed up-and-go test. Tsang et al. did report results that there were changes in ROM from post op day 4 and day 15. Notably, “the mean (SD) scores of timed up-and-go test of the acupuncture group and the sham acupuncture group were 78.4 seconds (30.7 seconds) and 67.5 seconds (48.8 seconds) on postoperative day 8 and 45.8 seconds (31.1 seconds and 39.8 seconds (33.4 seconds) on postoperative day 15 respectively” (Tsang, 2007, p.722). This shows that there is no significant difference between the two acupuncture groups (P-values from 0.213 to 0.990). (Tsang, 2007, p.722). 
Discussion
The article that appeared to have the strongest design would be Tsang et al. (2007).  The design within the article was described in extreme detail, to include information to inform us that it was a double blind study. Inclusion and exclusion factors were clearly stated, and all patients were screened and selected based off of the strict inclusion factors listed within the research design.  The chance for bias was limited due to the fact that both the patient and the assessor did not have access to the information about who was getting what treatment. Due to this factor, the possibility of having skewed results due to a bias is statistically little to none. 

The article that had the strongest results was Silva et al. (2008). There were distinct results that water based exercise groups had a decrease in pain compared with the land based exercise group. Compared to the other articles, there was an actual difference in the results and that one group faired better than the other. There was a method that proved to provide a better relief of pain instead of showing that there was no difference. The decision that was made to select this article to have the strongest results contradicts what we stated in our method selection.  We agreed that this article had the strongest clinical results that would be applicable and have the greatest internal and external validity.
The article that we would recommend most to our patients would be the Silva et al. article (2008).  No matter what age we are or what state of health we should all be exercising.  Within this article there was hard proof that the treatment had an effect on pain.  There were also results that showed that even land based physical activity produced a positive desired outcome. As a health care professional, we should base our advice on research and knowledge that is available to us at the time. This article allows for us as health care professionals to give our patients information that can be beneficial and give hard evidence that an activity or treatment works. Patients are not interested in what is statistically found to be the non-significant. They want to know what works and what will not. This article gives the hard evidence that patients are looking for; exercise helps reduce pain in patients with osteoarthritis. 

The article with the most external validity would be the Silva et al. (2008). Water and land based exercises can be based to a larger population with other degenerative bone diseases not just a specific group. The findings can apply to people suffering from arthritis, obesity and other debilitating medical conditions. As the population of the world ages and methods for decreasing arthritic pain becomes dire, this article allows for medical professionals to generalize the findings to their patients whether the patient had knee arthroplasty or ankle surgery.
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