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            Abstract

            
               
Introduction: The medial end of clavicle is connected to the upper surface of anterior end of first rib and its costal cartilage by rhomboid
                  ligament which assist the movements of pectoral girdle as well as resist the pull of medial end of clavicle by pectoralis
                  major and sternocleidomastiod muscles. Consequently, the attachment of it on the clavicle produces various patterns like tubercles,
                  grooves, etc. called as the rhomboid impression. This normal variant of rhomboid impression may be interpreted sometimes as
                  pathological lesions like necrosis, osteomyelitis, and tumour. Also, the morphology of rhomboid impression varies in different
                  population. Such study in South Indian population is very much sparse and so this study is planned for. The objective is to
                  it is aimed to estimate the prevalence of various morphology of rhomboid impression, to measure the anthropometry of impression
                  and the distance from the medial end of impression to medial end of clavicle. Subjects and Methods: This descriptive study was carried in 200 adult human dry clavicles of both sides and various patterns of rhomboid impression,
                  anteroposterior and transverse diameter of impression and distance between the medial end of impression and medial end of
                  clavicle was measured with digital vernier caliper. Statistical analysis was done and p-value of < 0.05 is considered to be
                  significant. Results: The most common pattern observed was depression and rough (29%) followed by elevated and rough (28.5%). The resection length
                  of the medial end of clavicle was 11 mm from the medial end of impression to medial end of clavicle. Conclusion: The findings of the present study on the morphology and anthropometry of rhomboid impression of adult human clavicles and
                  the resection length of medial end of rhomboid impression from the medial end of clavicle will provide guidance for the anthropologists,
                  orthopedicians, radiologists, vascular surgeons and in forensic investigations. 
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               Introduction 

            Costoclavicular ligament is an inverted conical ligament which is flattened anteroposteriorly and extends from the costal
               tuberosity on the inferior surface of medial end of clavicle to the first rib and its costal cartilage. It consists of anterior
               and posterior lamina separated by a bursa in-between. The ligament places an important role in the stabilisation of sternoclavicular
               joint and pectoral girdle. It resists the lateral pull by pectoralis major muscle and upward pull by the clavicular head of
               sternocleidomastiod muscle. Due to this fact, it is often prone for recurrent mechanical stress during extremes of such movements
               in certain occupationals like painters and construction workers. [1]

            The costoclavicular ligament could produce landmarks at the site of its clavicular attachment. These impressions are called
               as the ‘costal or rhomboid impression’ which may exhibit various morphological patterns such as tubercle, rough impression or a fossa.[2,3,4,5]  The impact of lifestyle and geography has also been documented for its existence. The knowledge of this is well utilised in
               forensic anthropology.
            

            The subclavian vein is situated deep to coracoclavicular ligament and clinically, rhomboid impression provides guidance for
               the placement of venous catheters, pacemakers, and also in the resection of clavicle during sternoclavicular joint instability. [6,7,8] Rhomboid impression is also utilised in anthropology as a marker for age and sex determination. [9] This normal variant of rhomboid impression may be interpreted occasionally for pathological lesions like necrosis, osteomyelitis,
               and tumour. [10] Furthermore, it is misdiagnosed in its unilateral presentation on X rays. The morphological studies are very sparse with
               the maximum of 100 clavicles and no anthropometric studies have been conducted pertaining to the rhomboid impression in South
               Indian population. Henceforth our study is aimed to find out both the morphological as well as anthropometric aspects of rhomboid
               impression in 200 adult human clavicles of South Indian population.
            

         

         
               Subjects and Methods

            After obtaining approval from the institutional ethical committee, a descriptive study by observational method was carried
               out on 200 intact adult human dry clavicles of both sides (right - 83; left- 117) of both sexes. The bones were obtained from
               the department of Anatomy, ESIC Medical College and Hospital, Kalaburagi, Karnataka, India. The side of clavicle was identified
               with its standard features. [2] The clavicles with incomplete features, old fractures, and previously operated were excluded from the study.
            

            
                  Morphology:
               

               The various patterns of the impressions were observed by observation method using hand lens and were classified as follows:[10] 
               

               Type IA: Flat and rough 

               Type IB: Flat and smooth 

               Type IIA: Elevated and rough 

               Type IIB: Elevated and smooth 

               Type IIIA: Depressed and rough 

               Type IIIB: Depressed and smooth 

               Anthropological measurements:
               

               Using digital vernier caliper with an accuracy of 0.01mm, the anteroposterior diameter, transverse diameter and distance between
                  the medial end of impression and medial end of the clavicle were measured in millimetre. The results were tabulated and the
                  descriptive statistical analysis was carried out using SPSS version 19. Student ‘t’ test was applied to find the statistical
                  difference between the right and left side and p-value < 0.05 was considered statistically significant.
               

            

         

         
               Results

            
                  
                  Table 1

                  
                     
                     Distribution of
                     pa
                     tterns of impression on the 
                     clavicles (n=200)
                     
                  

               

               
                     
                        
                           	
                              
                           
                            S. No 

                           
                        
                        	
                              
                           
                            Side 

                           
                        
                        	
                              
                           
                            Flat  (Number & percentage)

                           
                        
                        	
                              
                           
                            Elevated  (number & Percentage)

                           
                        
                        	
                              
                           
                            Depressed  (number & percentage)

                           
                        
                     

                     
                           	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            Right 

                           
                        
                        	
                              
                           
                            18 (9%)

                           
                        
                        	
                              
                           
                            29 (14.5%)

                           
                        
                        	
                              
                           
                            32 (16%)

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            Left

                           
                        
                        	
                              
                           
                            52 (26%)

                           
                        
                        	
                              
                           
                            35 (17.5%)

                           
                        
                        	
                              
                           
                            29 (14.5%)

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            Total 

                           
                        
                        	
                              
                           
                            70 (35%)

                           
                        
                        	
                              
                           
                            64 (32%)

                           
                        
                        	
                              
                           
                            61 (30.5%)

                           
                        
                     

                  
               

            

            
                  
                  Table 2

                  
                     Distribution of types of impression on the
                     clavicles (n=200)
                     
                  

               

               
                     
                        
                           	
                              
                           
                            S.no

                           
                        
                        	
                              
                           
                            Side 

                           
                        
                        	
                              
                           
                            Type IA

                           
                        
                        	
                              
                           
                            Type IB

                           
                        
                        	
                              
                           
                            Type IIA

                           
                        
                        	
                              
                           
                            Type IIB

                           
                        
                        	
                              
                           
                            Type IIIA

                           
                        
                        	
                              
                           
                            Type IIIB

                           
                        
                     

                     
                           	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            Right 

                           
                        
                        	
                              
                           
                            18 (9%)

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            22(11%)

                           
                        
                        	
                              
                           
                            7 (3.5%)

                           
                        
                        	
                              
                           
                            32 (16%)

                           
                        
                        	
                              
                           
                            0

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            Left 

                           
                        
                        	
                              
                           
                            22 (11%)

                           
                        
                        	
                              
                           
                            30 (15%)

                           
                        
                        	
                              
                           
                            35(17.5%)

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            26(13%)

                           
                        
                        	
                              
                           
                            3(1.5%)

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            Total 

                           
                        
                        	
                              
                           
                            40 (20%)

                           
                        
                        	
                              
                           
                            30 (15%)

                           
                        
                        	
                              
                           
                            57(28.5%)

                           
                        
                        	
                              
                           
                            7 (3.5%)

                           
                        
                        	
                              
                           
                            58(29%)

                           
                        
                        	
                              
                           
                            3(1.5%)

                           
                        
                     

                  
               

               

            

            
                  
                  Table 3

                  
                     
                     
                     Anthropological measurement (in mm) of impression on the
                      clavicles (n=200)
                     
                  

               

               
                     
                        
                           	
                              
                           
                            S.no 

                           
                        
                        	
                              
                           
                            Parameter

                           
                        
                        	
                              
                           
                            Minimum 

                           
                        
                        	
                              
                           
                            Maximum 

                           
                        
                        	
                              
                           
                            Mean ± Std dev

                           
                        
                     

                     
                           	
                              
                           
                            1

                           
                        
                        	
                              
                           
                           Anteroposterior diameter

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            18

                           
                        
                        	
                              
                           
                            9.29 ± 2.59

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                           Transverse diameter

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            29

                           
                        
                        	
                              
                           
                            18.4 ± 4.85

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                           Distance from the medial end of clavicle

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            18

                           
                        
                        	
                              
                           
                            11.2 ± 2.85

                           
                        
                     

                  
               

            

            
                  
                  Figure 1

                  
                     
                     
                     A) Type IA- Flat and rough impression. B) Type IB- Flat and smooth impression. (M- medial end; L- lateral end)
                     
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/07bbd9c2-6e2d-4809-b7c9-349f3b3980c0image1.png]

            
                  
                  Figure 2

                  
                     
                     
                     A) Type IIA- Elevated and rough impression. B) Type IIB- Elevated and smooth impression. (M- medial end; L- lateral end)
                     
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/07bbd9c2-6e2d-4809-b7c9-349f3b3980c0image2.png]

            
                  
                  Figure 3

                  
                     
                     
                     Type IIIA- Depressed and rough impression. B) Type IIIB- Depressed and smooth impression. (M- medial end; L- lateral end)
                     
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/07bbd9c2-6e2d-4809-b7c9-349f3b3980c0image3.png]

            Out of 200 clavicles, 195 (97.5%) clavicles showed the impressions of various types and five clavicles (2.5%) did not exhibit
               any impression [Table 1 & Figure 1-3]. The elevated and depressed impressions were more commonly observed on the right clavicles
               whereas the flat impressions were more common on the left clavicles. The rough impressions were present in a greater number
               of clavicles when compared to the smooth ones. The right clavicles showed impressions of Types IA, IIA, IIB, and IIIA whereas
               Types IA and IIIB were absent. The left clavicles revealed impressions of all types except Type IIB. Out of the 83 right clavicles,
               Type IIIA (depressed and rough) was found to be more frequent (16%) and Type IIB (elevated and smooth) was less frequent (3.5%).
               Out of the 117 left clavicles, Type IIA (elevated and rough) was observed more frequently (17.5%) and Type IIIB (depressed
               and smooth) was less frequent (3%) [Table 2].
            

            The AP diameter range of 4-18 mm was statistically significant (p-value - 0.0005) whereas the transverse diameter range of
               10-29mm was not statistically significant. Both the dimensions represented the shape of rhomboid impression in favour of oval
               shape. The mean distance between the medial margin of impression to the medial end of clavicle was 11 mm ±2.85 mm [Table 3].
            

         

         
               Discussion

            The area of attachment of costoclavicular ligament on the medial part of clavicle results in various morphological and anthropometric
               features. This may be correlated with functionality as it limits the sliding of the medial end of clavicle inferolaterally,
               during abduction. [11] The tautness of the ligament has been noticed during the increase in abduction and internal rotation of the shoulder. [12] This impression is documented in the determination of handedness as demonstrated well in the right clavicle in the right-handed
               person and in the left clavicle in the left-handed person. [13] This normal variant is sometimes, due to the lack of its anatomical knowledge, misinterpreted as benign fibrous dysplasia
               or chronic osteomyelitis. [10] The morphological variations were postulated secondary to the factors such as environmental, genetic, rate and pattern of
               growth as well as the type of bone remodelling. [14,15] The roughness of impression is suggestive of the absence of intervening bursa with a subsequent direct attachment of the
               ligament to the clavicle. Nevertheless, the smoothness of impression correlated with the presence of bursa. [2] The shape of the impression is most commonly described as oval-shaped and the size of the impression was measured to be more
               than 2 cm. [5,16]

            Cave et al. demonstrated on 153 European adult clavicles that the flat and rough impression was the most common type (31.3%)
               followed by the flat and smooth (27.5%) which is contrary to our present study. [10] In North-eastern Thais (476 clavicles), the authors observed no side differences and 76.26% of clavicles showed elevated impression which is higher
               than that of our present study. [17] However, the smooth impression was found to be lower (0.21%) as compared to our study (20%). [17]

            In a study on 60 clavicles in the region of Maharashtra of India, Type IA impression was observed more commonly in 63.33%. [18] Rani et al. studied 118 adult clavicles of the Indian population and concluded that the Type IIIA (depressed and rough) type
               impressions were more prevalent (30.97%) and the Type IIIB (depressed and smooth) were least prevalent (1.77%) which correlates
               with our study of 29% and 1.5% respectively. [19] 
            

            

            
                  
                  Table 4

                  
                     
                     Comparison of incidence of the patterns of 
                     rhomboid impression of various studies
                     
                  

               

               
                     
                        
                           	
                              
                           
                            S. no

                           
                        
                        	
                              
                           
                            Patterns 

                           
                        
                        	
                              
                           
                            Cave et al. (1961). [10]

                           
                        
                        	
                              
                           
                            Rani et al. (2011). [13]

                           
                        
                        	
                              
                           
                            Vani et al. (2018). [20]

                           
                        
                        	
                              
                           
                            Rathnakar et al. (2018). [16]

                           
                        
                        	
                              
                           
                            Present study (2020)

                           
                        
                     

                     
                           	
                              
                           
                            No of clavicles

                           
                        
                        	
                              
                           
                             --

                           
                        
                        	
                              
                           
                            153

                           
                        
                        	
                              
                           
                            118

                           
                        
                        	
                              
                           
                            100

                           
                        
                        	
                              
                           
                            78

                           
                        
                        	
                              
                           
                            200

                           
                        
                     

                     
                           	
                              
                           
                            Population studied

                           
                        
                        	
                              
                           
                             --

                           
                        
                        	
                              
                           
                            Europeans

                           
                        
                        	
                              
                           
                            Indian 

                           
                        
                        	
                              
                           
                            South Indians 

                           
                        
                        	
                              
                           
                            South Indians 

                           
                        
                        	
                              
                           
                            South Indians 

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Type IA

                           
                        
                        	
                              
                           
                            31.3%

                           
                        
                        	
                              
                           
                            28.32%

                           
                        
                        	
                              
                           
                            26%

                           
                        
                        	
                              
                           
                            6.4%

                           
                        
                        	
                              
                           
                            20%

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            Type IB

                           
                        
                        	
                              
                           
                            27.5%

                           
                        
                        	
                              
                           
                            6.19%

                           
                        
                        	
                              
                           
                            16%

                           
                        
                        	
                              
                           
                            6.4%

                           
                        
                        	
                              
                           
                            15%

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            Type IIA

                           
                        
                        	
                              
                           
                            8.4%

                           
                        
                        	
                              
                           
                            9.73%

                           
                        
                        	
                              
                           
                            34%

                           
                        
                        	
                              
                           
                            48.7%

                           
                        
                        	
                              
                           
                            28.5%

                           
                        
                     

                     
                           	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            Type IIB

                           
                        
                        	
                              
                           
                            2.6%

                           
                        
                        	
                              
                           
                            19.47%

                           
                        
                        	
                              
                           
                            ---

                           
                        
                        	
                              
                           
                            ---

                           
                        
                        	
                              
                           
                            3.5%

                           
                        
                     

                     
                           	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            Type IIIA

                           
                        
                        	
                              
                           
                            17.6%

                           
                        
                        	
                              
                           
                            30.97%

                           
                        
                        	
                              
                           
                            24%

                           
                        
                        	
                              
                           
                            29.5%

                           
                        
                        	
                              
                           
                            29%

                           
                        
                     

                     
                           	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            Type IIIB

                           
                        
                        	
                              
                           
                            10.4%

                           
                        
                        	
                              
                           
                            1.77%

                           
                        
                        	
                              
                           
                            ---

                           
                        
                        	
                              
                           
                            ---

                           
                        
                        	
                              
                           
                            1.5%

                           
                        
                     

                     
                           	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            Absence of impression

                           
                        
                        	
                              
                           
                            ---

                           
                        
                        	
                              
                           
                            3.54%

                           
                        
                        	
                              
                           
                            ---

                           
                        
                        	
                              
                           
                            ---

                           
                        
                        	
                              
                           
                            2.5%

                           
                        
                     

                  
               

            

            The results of the previous studies done in the South Indian population were in coincidence with our study regarding the incidence
               of Type IIIA [Table 4]. However, our study demonstrated Type IIIA as the most common presentation followed by Type IIA. The
               absence of impression has not been observed in other South Indian studies contrary to our study (2.5%). Since the sample size
               (200 clavicles) of our study was comparatively higher than that of the other South Indian studies, our results may have more
               influence on the applied aspects of forensic anthropology and radiological interpretations.
            

            The anthropometric measurements of the rhomboid impression have not yet been reported in the literature. The shape of the
               impressions was oval in outline in all the clavicles examined. The ranges of the anteroposterior diameter and the transverse
               diameter were 4-18 mm and 10-29 mm respectively. The anteroposterior diameter which was statistically significant as compared
               to transverse diameter might be helpful in anthropological investigations.
            

            During surgical procedures such as sternoclavicular instability, the rhomboid ligament provides guidance for the resection
               of medial end of clavicle. [8] To avoid the injury of rhomboid ligament, it is essential to measure the distance between the medial margin of impression
               and the medial end of clavicle. Vani et al. observed the resection length to be 8.33 mm (100 clavicles) on the medial end
               of clavicle whereas our study (200 clavicles) demonstrated a resection length of 11 mm from the medial end of clavicle. [20] Consequently, the resection length is important for a safer resection procedure as well as to define the exact position for
               subclavian vein catherisation.
            

         

         
               Conclusion

            The findings of the present study on the morphology and anthropometry of rhomboid impression of adult human clavicles and
               the resection length of medial end of rhomboid impression from the medial end of clavicle will provide guidance for the anthropologists,
               orthopedicians, radiologists, vascular surgeons and in forensic investigations.
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