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            Abstract

            
               
Background: Osteoarthritis of the knee is highly prevalent in our country and a significant cause of morbidity. An early diagnosis is
                  of paramount importance to provide treatment and delay it’s progression.
               

               Objective: To evaluate the role of Rosenberg PA flexion view for early diagnosis of osteoarthritis, the degree of articular degeneration
                  and the advantages of these views using Kellgren-Lawrence classification (KL), Ahlback grading (AB) and International Knee
                  Documentation Committee (IKDC).
               

               Results: Rosenberg PA flexion view significantly increased the detection of medial and lateral joint space narrowing (p<0.001) as
                  compared to the standard weight bearing AP view alone. The severity of KL, Ahlback & IKDC scores increased significantly on
                  Rosenberg view.
               

               Conclusion: The Rosenberg view increases the sensitivity of detection of JSN & the knee scores significantly & is an important tool for
                  early diagnosis of OA.
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               Introduction

            Osteoarthritis (OA) of the knee is one of the commonest cause of pain & disability worldwide affecting women predominantly.
               It is a chronic degenerative disease of varied etiology with an estimated prevalence of about 28.7% in India which increases
               with age.1 The disease commonly affects the knee joint and is characterized by the joint space narrowing due to loss of articular cartilage,
               marginal hypertrophy of the bone also known as osteophytes, subchondral sclerosis and cysts, and inflammation of the synovial
               membrane and joint capsule; the cartilage ultimately softens, ulcerate & focally disintegrate in the later stages.2 
            

            Plain radiographs has been the ancient & the most cost effective diagnostic tool for assessing articular cartilage wear &
               tear in osteoarthritis of the knee & studies have shown to optimize the information obtained from plain radiographs to enhance
               its sensitivity & decrease the need for alternative imaging studies.3 Radiographs demonstrate the severity, extent & progression of knee OA by determining the joint space narrowing (JSN) in the
               tibio-femoral compartment of the knee.4 
            

            Rosenberg PA flexion view has been shown to be more sensitive to detect JSN in the medial & lateral compartments of the knee
               as compared to the conventional AP weight bearing view.5 The JSN helps in the early diagnosis of OA6, 7 & correlates significantly with the patient’s knee injury and osteoarthritis outcome score (KOOS).8 
            

            We hypothesized that the combination of the weight bearing AP & Rosenberg PA flexion view can help to detect early JSN in
               the medial and lateral compartments of the knee as well as detect early degenerative changes thus increasing the radiographic
               sensitivity of OA. The aim of this study is to evaluate, quantify & compare the two radiographic views to improve early detection
               of JSN in knee osteoarthritis (OA) using Kellgren-Lawrence classification (KL), Ahlback grading & International Knee Documentation
               Committee (IKDC).
            

         

         
               Materials and Methods

            This was a retrospective study involving 31 patients (47 knees) visiting the out patient department of a tertiary care facility
               in Telangana during the period of Jan 2014 to Dec 2018. All patients above the age of 18 years complaining of knee pain were
               included in the study. Patients with secondary osteoarthritis of the knee, previous surgeries on the knee, flexion deformity
               of the knee more than 30 degrees were excluded from the study.
            

            Each patient who underwent assessment after a detailed history and primary examination followed by clinical examination of
               both the knees, who were subjected to a conventional weight bearing AP view of the knee in full extension and the standing
               Rosenberg PA flexion view with knee in 45 degrees of flexion were included in the study.9 The radiographic assessment of Rosenberg view is demonstrated by centered exposure of bilateral knees without rotation. The
               X-ray tube was centered on the patella and placed approximately 100 cm away directed 10 degrees caudal with both the patellae
               touching the cassette. Radiographs of both knees were obtained for comparison.10 The Rosenberg view is not taken at a perpendicular angle hence allows for more visualization of tibia. Diagrammatic representation
               of the position of Rosenberg view is shown in Figure  1.
            

            
                  
                  Figure 1

                  Diagrammatic representation of position of patient for Rosenberg PA view  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/ba83ab8e-cb2b-4c2e-acef-d2cbf55061f3/image/d1f733d8-08b8-40e4-91e9-7cd2f2cddcb3-u12.jpg]

            

            All radiographs were analyzed with their corresponding knee scores. The Kellgren-Lawrence classification, Ahlback grading
               and IKDC scores were used to grade the severity of the knee osteoarthritis. The IKDC grading of severity A, B, C or D was
               converted into numerical order of 1, 2, 3 & 4 for the convenience of comparison purposes.
            

            A printed digital radiographs of both the knees without magnification were used to document, quantify and compare the joint
               space narrowing and osteophytes. A vernier caliper was used to measure the medial and lateral tibio-femoral compartments and
               compared with the other side. 
            

         

         
               Results

            There were 13 males and 18 females in our study population comprising 47 knees, 25 right & 22 left. Average age of the study
               population was 53.8 years (range: 45-70). Four patients had a previous history of injury to the knee; six patients had comorbidities
               like hypertension & diabetes mellitus and 29 out of 31 patients were using drugs for knee pain with Apleys pain grading as
               grade I in 8.3%, grade II in 55.6%, grade III in 33.3% & grade IV in 2.8%. The medial & lateral joint space measurement showed
               early and significant joint space narrowing on Rosenberg PA flexion view and had a significantly high correlation with patients
               clinical as well as radiological scores.
            

            Kellgren-Lawrence (KL) & Ahlback classification were used to score the knee using the radiological data, while the IKDC was
               used for objective evaluation grading of the knee. The Rosenberg view increased the severity of KL scores in 7 knees; 2 knees
               changed severity score from previous grade I to grade III, 3 knees from grade II to III and 2 knees from grade III to IV.
               Similarly, in Ahlback classification the Rosenberg view increased the severity of scores in 12 knees, while it decreased in
               1 knee; 1 knee changed severity score from previous grade 0 to grade III while 1 knee changed from previous grade I to grade
               0, 2 knees from grade I to II, 6 knees from grade I to III, 2 knees from grade II to III & 1 knee from grade III to IV. The
               IKDC score was increased in 14 knees & decreased in 3 knees with the Rosenberg view; 2 knees changed the severity of the previous
               grade II to III, 3 knees decreased from grade IV to III & 12 knees increased from grade III to IV.
            

            On statistical analysis of the 3 groups between the AP & Rosenberg view using paired t test, the difference was statistically
               significant in all the 3 groups (Table  1). Furthermore on cross comparison of the paired groups, the difference was also found to be statistically significant (Table  2).
            

            
                  
                  Table 1

                  Results of paired t test analysis between the AP and Rosenberg view of the 3 groups

               

               
                     
                        
                           	
                              
                           
                           Paired t test groups (n=47)

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Std. deviation

                           
                        
                        	
                              
                           
                            Correlation

                           
                        
                        	
                              
                           
                            Sig.

                           
                        
                     

                     
                           	
                              
                           
                            Pair 1

                           
                        
                        	
                              
                           
                            KL-AP

                           
                        
                        	
                              
                           
                            2.72

                           
                        
                        	
                              
                           
                            0.826

                           
                        
                        	
                              
                           
                            0.806

                           
                        
                        	
                              
                           
                            <0.005

                           
                        
                     

                     
                           	
                              
                           
                            KL-R

                           
                        
                        	
                              
                           
                            2.91

                           
                        
                        	
                              
                           
                            0.747

                           
                        
                     

                     
                           	
                              
                           
                            Pair 2

                           
                        
                        	
                              
                           
                            AB-AP

                           
                        
                        	
                              
                           
                            2.09

                           
                        
                        	
                              
                           
                            0.974

                           
                        
                        	
                              
                           
                            0.609

                           
                        
                        	
                              
                           
                            <0.005

                           
                        
                     

                     
                           	
                              
                           
                            AB-R

                           
                        
                        	
                              
                           
                            2.49

                           
                        
                        	
                              
                           
                            0.882

                           
                        
                     

                     
                           	
                              
                           
                            Pair 3

                           
                        
                        	
                              
                           
                            IKDC-AP

                           
                        
                        	
                              
                           
                            3.38

                           
                        
                        	
                              
                           
                            0.644

                           
                        
                        	
                              
                           
                            0.582

                           
                        
                        	
                              
                           
                            <0.005

                           
                        
                     

                     
                           	
                              
                           
                            IKDC-R

                           
                        
                        	
                              
                           
                            3.62

                           
                        
                        	
                              
                           
                            0.573

                           
                        
                     

                  
               

            

            

            
                  
                  Table 2

                  Results of cross comparison of the paired groups

               

               
                     
                        
                           	
                              
                           
                            Wilcoxon Signed Ranks Test

                           
                        
                     

                     
                           	
                              
                           
                            n=47

                           
                        
                        	
                              
                           
                            Z

                           
                        
                        	
                              
                           
                            Asymp. Sig.

                           
                        
                     

                     
                           	
                              
                           
                            AB-AP & KL-AP

                           
                        
                        	
                              
                           
                            -3.985

                           
                        
                        	
                              
                           
                            <0.005

                           
                        
                     

                     
                           	
                              
                           
                            AB-R & KL-R

                           
                        
                        	
                              
                           
                            -3.386

                           
                        
                        	
                              
                           
                            0.001

                           
                        
                     

                  
               

            

            

         

         
               Discussion

            Kellgren & Lawrence, Ahlback & the IKDC are a few classifications described for the grading & severity of OA knee based on
               JSN & degenerative changes.11, 12, 13 
            

            The radiological evaluation of the knee pain most commonly comprises of weight bearing AP, lateral & the skyline radiographs
               of the knee joint. This study evaluates the advantages of an additional imaging view Rosenberg PA flexion view in early radiological
               detection of OA. Figure  2, Figure  3 are examples suggesting early detection of joint space narrowing in Rosenberg PA view as compared to standard AP view. Many
               prior studies have compared this flexion view directly to the AP view but none has compared it with 3 different grading classifications
               in Indian population. Most studies have compared the AP view directly to the flexion view, however in this study we have used
               both views & compared with 3 different grading systems of knee.
            

            Rosenberg et al. in the study of 55 knees directly compared the AP & flexion view radiographs & concluded that the flexion
               view correlates better with arthroscopic findings.9 Merle-Vincent F et al. in a study of 202 knees in 2007 concluded that the standing AP radiograph alone is poor in diagnosing
               the severity of JSN in early OA.7 In a study of 50 patients, Ritchie et al demonstrated that the Schuss view radiograph is a valuable tool in early OA which
               can alter the clinical management,14 while a prospective analysis by Davies et al. supports the flexion view over the standard extension view.15 All these studies compared the varying degrees of flexion view of the knee joint with the standard weight bearing view in
               extension to aid in early diagnosis of OA.
            

            In our study, the Rosenberg view significantly aided in early diagnosis of JSN when compared to the standard weight bearing
               AP radiographs which is comparable to the study by Yamanaka et al,16 where early identification of JSN was more significant in medial compartment of the knee as compared to the lateral compartment,
               possibly because of heavier loading in the medial compartment.17 The KL, Ahlback & IKDC severity scores increased significantly from the previous grade on Rosenberg view as compared to the
               standard weight bearing AP radiographs.
            

            In addition to the JSN, the Rosenberg views provided significant identification of subchondral cysts, sclerosis of joint line,
               osteophytes at the margins, intercondylar notch & the tibial spine. This improved visualization is attributed to the natural
               tibial slope which gets overlapped with femoral condyles in full extension.
            

            
                  
                  Figure 2

                  A 55-year-old male patient showing decreased lateral tibio-femoral joint space as compared with standard weight bearing AP
                     view. The severity of KL & Ahlback scores changed from previous grade I on AP view to grade III on Rosenberg view
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/893f6b46-80b9-4262-90ed-51b961bf27b0image2.jpg]

            

            
                  
                  Figure 3

                  A 45-year-old male patient showing decreased medial tibio-femoral joint space as compared with standard weight bearing AP
                     view. The severity of KL & Ahlback scores changed from previous grade I on AP view to grade III on Rosenberg view.
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/893f6b46-80b9-4262-90ed-51b961bf27b0image3.jpg]

            

         

         
               Conclusion

            The Rosenberg PA flexion view is an important tool which when used in conjunction with the standard weight bearing AP radiographs
               of the knee helps in early diagnosis of OA. The KL, Ahlback and IKDC scores are best evaluated earliest on the Rosenberg views.
            

         

         
               Limitations

            Small sample size is the limitation of our study.
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