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            Abstract

            
               
Introduction: Patellar resurfacing is one of the most contentious issues in total knee replacement, with anterior knee pain ranging from
                  4 to 49% post TKR. One of the important decision maker in patellar resurfacing techniques is thickness of patella. Minimum
                  14 mm native patella thickness is essential after 8 mm cut, to avoid patellar complications like loosening, pain and crepitus.
               

               Materials and Methods: We present a study of patellar sizes in Indian population, taken intra-operatively while performing total knee replacement
                  of 73 consecutive knees. We measured thickness, superoinferior and mediolateral dimensions and compared them with height,
                  weight and implant size.
               

               Results: The average patellar size in Indian adults was 21.7 mm with 42 knees having patellar size less than 22 mm. In males it was
                  24.3 mm and in Indian adult females it was 20.8 mm. The patellar size had significant direct correlation with height of the
                  patient. And smaller femoral and tibial implant size correlated with smaller patellar thickness. 
               

               Conclusion: Average patellar thickness in Indian adults is small. Patelloplasty is a better alternative for such patients than resurfacing.
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               Introduction

            Patella is a small sesamoid bone in quadriceps tendon anterior to femoral condyle. It plays a vital role in knee flexion and
               extension due to its pulley mechanism. Its importance grows all the more in total knee replacement. One of the most common
               cause of unhappy TKR is anterior knee pain1 with almost 50% revision surgeries attributed to it. Patellar management plays an important role in managing anterior knee
               pain. Many surgeons favour routine resurfacing of patella to prevent anterior knee pain.
            

            Patellar size has a very important bearing in patellar replacement. Usual knee systems have patellar button of 8 mm thickness.
               Resurfacing techniques aim at restoring the native thickness of patella.2 If the patellar resection is more it results in thin and fragile patella which may lead to fracture or patellar component
               loosening apart from extensor weakness. On the other hand under resection of patella results in overstuffing of patello-femoral
               joint leading to knee pain and limited flexion.
            

            For perfect placement and strong hold of patellar button minimum 14 mm of native bone is essential after resection. This calculates
               upto 22 mm of minimum patellar thickness taking 8 mm patellar button size. Hence, it is not advisable to do patellar resurfacing
               in thickness less than 22 mm of patella.
            

            Bio-mechanical studies have shown that knee flexion decreases exponentially as patellar thickness increases.3 Also chance of patellar crepitus and anterior knee pain increase with increased composite patellar thickness. Dougla A Dennis
               et al. in a multicenter study which received John Insall award have shown that factors associated with increased chances of
               patellar crepitus were shortened patellar tendon length, use of smaller patellar components, decreased patellar composite
               thickness and increased posterior femoral condylar offset.4 So recreating native patellar composite thickness is must for minimising patellar complications.
            

            In western populations average thickness of patella is 25.76 mm, width 45.786 mm, length 33.53 mm.5 However Indian adults have less average height than western counterparts.
            

            There are multiple means to determine the patellar thickness. In vitro methods include measuring dimensions of dry patella
               bone obtained at autopsy. In vivo methods are logically better and include direct when we open knee joint for any cause and
               indirect by using radiological parameters on x-rays, Ct scans or MRI scans. In this study we want to ascertain the in vivo
               intra operative average thickness of patella bone in Indian adults while performing TKR to determine whether routine resurfacing
               in Indian population is advisable and feasible or not.
            

         

         
               Materials and Methods

            We have included 73 consecutive knees operated for total knee replacement at our facility. Pre-operative assessment included
               demographic details along with height and weight of patient. Midline incision along with mid-vastus approach was used to expose
               the knee joint. Patella was everted. Overhanging osteophytes which might distort the calculations of native patellar size
               were removed. Also, excessive synovial proliferation on sides of patella was removed. Vernier calliper was used to measure
               thickness of patella at the most prominent point corresponding to central ridge.(Figure  1) Then superoinferior and mediolateral dimensions of entire patella were measured. Routinely we perform only patelloplasty
               and do not resurface patella. All the data was analysed using SPSS software for average of patellar thickness, mediolateral
               and superoinferior sizes, upto 95% SD. Correlation of size with patient height and weight was assessed. Also tables for femur
               and tibia implant size with mean patellar thickness were made.
            

            
                  
                  Figure 1

                  Intra-operative measurement technique using Vernier Calliper
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               Results

            We studied 73 consecutive knees in 43 females and 30 males who underwent total knee replacement at our institute.

            In our study average thickness of patella was found to be 21.7 ± 1.4 mm upto 95% sd. Mediolateral size was found to be 38.1
               ± 3.2 mm. And superoinferior size was found to be 34.3 ± 2.9 mm. 42 knees (>50% of total knees) had patellar thickness less
               than 22 mm (minimum patellar thickness required for patellar replacement).
            

            30 male knees were included in the study out of which 15 were left and 15 were right. The average patellar thickness was 24.3
               ± 1.2 mm. The size of patellar button in mediolateral was 43.1 ± 3.8 mm and in superoinferior aspect was 36.5 ± 3.5 mm.
            

            For females 43 knees were included in the study of which 23 were left and 20 were right side. The average patellar thickness
               was 20.8 ± 1.7 mm with size in mediolateral aspect of 36.7 ± 2.8 mm and in superoinferior dimension of 33.9 ± 2.5 mm. 
            

            
                  
                  Table 1

                  Summarises the findings of this study

               

               
                     
                        
                           	
                              
                           
                           
                              Population studied
                              
                           

                           
                        
                        	
                              
                           
                           
                              Method of study
                              
                           

                           
                        
                        	
                              
                           
                           
                              Thickness
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           Patellar thickness

                           
                        
                        	
                              
                           
                           24.3

                           
                        
                        	
                              
                           
                           20.8

                           
                        
                     

                     
                           	
                              
                           
                           Supero-inferior

                           
                        
                        	
                              
                           
                           36.5

                           
                        
                        	
                              
                           
                           33.9

                           
                        
                     

                     
                           	
                              
                           
                           Medio-lateral

                           
                        
                        	
                              
                           
                           43.1

                           
                        
                        	
                              
                           
                           36.7

                           
                        
                     

                  
               

            

            

            There was no statistically significant correlation of patellar dimensions with side of knee operated. Another aspect we measured
               was correlation of height with patellar thickness. We found a positive correlation of height with patellar thickness with
               Paersons coefficient of 0.637 which was significant at 0.01 level (2 two tailed test). This can also be appreciated in the
               graph of height plotted with patellar thickness.(Figure  2)
            

            
                  
                  Figure 2

                  Graphical representation of height correlated with patellar thickness
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            Weight with patellar thickness also shows positive correlation with Pearson’s coefficient of 0.392 which is significant at
               0.01 level (2 tailed test). However, the level of correlation is less as compared to that of height and thickness. This can
               be very well attributed to the fact that weight depends more on the BMI of the individual.
            

            
                  
                  Table 2

                  Average patellar thickness correlated with femur and tibia implant size

               

               
                     
                        
                           	
                              
                           
                           
                              Femur implant 
                              
                           

                           
                        
                        	
                              
                           
                           
                              Tibia iplant
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           
                              Size
                              
                           

                           
                        
                        	
                              
                           
                           
                              Mean thickness
                              
                           

                           
                        
                        	
                              
                           
                           
                              Size
                              
                           

                           
                        
                        	
                              
                           
                           
                              Mean thickness
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           A

                           
                        
                        	
                              
                           
                           18

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           18

                           
                        
                     

                     
                           	
                              
                           
                           

                           
                        
                        	
                              
                           
                           21

                           
                        
                        	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           21

                           
                        
                     

                     
                           	
                              
                           
                           C

                           
                        
                        	
                              
                           
                           23

                           
                        
                        	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           24

                           
                        
                     

                     
                           	
                              
                           
                           D

                           
                        
                        	
                              
                           
                           23

                           
                        
                        	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           24

                           
                        
                     

                     
                           	
                              
                           
                           E

                           
                        
                        	
                              
                           
                           25

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           25

                           
                        
                     

                  
               

            

            

            
                  
                  Table 3

                  Patellar dimensions in Indian populations in various studies

               

               
                     
                        
                           	
                              
                           
                           
                              Current Study
                              
                           

                           
                        
                        	
                              
                           
                           
                              North Indian
                              
                           

                           
                        
                        	
                              
                           
                           
                              In Vivo direct
                              
                           

                           
                        
                        	
                              
                           
                           
                              20.8 (female) 24.3 (male)
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           R Muhammed6 
                           

                           
                        
                        	
                              
                           
                           South Indian

                           
                        
                        	
                              
                           
                           In Vivo MRI 

                           
                        
                        	
                              
                           
                           16.2 (female) 20.3 (male)

                           
                        
                     

                     
                           	
                              
                           
                           Ravindra Kumar7

                           
                        
                        	
                              
                           
                           North Indian

                           
                        
                        	
                              
                           
                           In Vivo MRI 

                           
                        
                        	
                              
                           
                           17.7 (female) 19.3 (male)

                           
                        
                     

                     
                           	
                              
                           
                           Sameen Taj8  
                           

                           
                        
                        	
                              
                           
                           South Indian

                           
                        
                        	
                              
                           
                           Dry Human Patellae

                           
                        
                        	
                              
                           
                           20.3 mm

                           
                        
                     

                     
                           	
                              
                           
                           Sudip Biswas9 
                           

                           
                        
                        	
                              
                           
                           Eastern Indian

                           
                        
                        	
                              
                           
                           Dry Human Patellae

                           
                        
                        	
                              
                           
                           19.7 (left) 19.3 (right)

                           
                        
                     

                  
               

            

            Table  2 shows the average patellar thickness measured in terms of femur and tibial implant size that was used. It can be surmised
               from the table that smaller implant sizes correspond to smaller patellar thickness. 
            

         

         
               Discussion

            In our study we have done in vivo measurement of patellar thickness. This is one of the most accurate means to assess patellar
               dimensions. Patellar thickness can be measured in vitro by dry patella taken from human bodies meant for dissection and in
               vivo by radiological scans of knee. 
            

            In our study average thickness of patella was found to be 24.3 in adult males and 20.8 mm in adult females.

            A study performed by Reshma Muhammed et al. titled in vivo magnetic resonance imaging morphometry of patellar bone in South
               Indian population studied scans of 140 people and found average thickness of 20.3 mm in males and 16.2 mm in females. Patella
               width was measured to be 42.21 mm in males and 36.07 mm in females.6 
            

            Ravindra Kumar et al. studied MR scans of 60 persons of North Indian origin. They found average patellar thickness of 19.3
               mm in males and 17.7 mm in females. Patellar width was 44.42 mm in males and 39.11 mm in females in their study.7 
            

            Another study done by Sameen Taj et al. titled Morphometric analysis of dry human patella and patellar facets studied patellar
               sizes in 50 dry patellar samples. The mean patellar thickness they found was 2.03 cm. Mean patellar height was 4.07 cm and
               width was 4.12 cm.8 
            

            Table  3 shows the average thickness of patella as measured by various Indian studies using different methods. The findings of this
               study are comparable with studies of other Indian populations, which demonstrate small size of patella in all terms i.e thickness,
               superoinferior and mediolateral height.
            

            An important conclusion which can be drawn from all studies is that patella size is small in Indian population especially
               females. So routine resurfacing in all Indian populations should not be practised as it can be disastrous in small patellae.
               Also, chances of knee complications like anterior knee pain, patellar crepitus, patellar component loosening and patellar
               fracture increase if resurfacing is done on thin patella.10 Anoop Jhurani et al. has published early reports of a thin 6.2 mm patellar button for such small patellae, which might be
               an alternative option.11 
            

            Another conclusion which can be drawn is that when femur implant size is small, the patellar thickness also tends to be less.
               So with smaller femur implant size more inclination should be kept for patelloplasty rather than resurfacing. 
            

         

         
               Conclusion

            Patellar size is an important factor to determine type of patellar management. This is especially true for Indian population
               where average patellar thickness and size is small. In many cases patellar thickness is less than the minimum required for
               resurfacing. In thin patellae it is advisable to avoid patellar resurfacing and go for patelloplasty.
            

         

         
               Abbreviation

            TKR - Total Knee Replacement.
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