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            Abstract

            
               
Background: Skeletal dysplasia and osteochondrodysplasia refer to a genetically and clinically heterogeneous group of disorders of skeletal
                  development and growth. Their prevalence is about 1 in 4000 births. Skeletal dysplasia is prevalent worldwide and its prevalence
                  varies in different parts of the world and even in the same country varies from region to region. The objective is to study
                  the prevalence of skeletal dysplasia based on clinico-radiological features. Subjects and Methods: A hospital retro prospective based study of skeletal dysplasia’s was conducted over a period of 2 years in which 100 cases
                  of skeletal dysplasia’s were studied and were grouped according to international classification of osteochondrodysplasia’
                  s revised in 2006. Results: 100 cases of skeletal dysplasia’s were detected by various modes of examination like clinical, radiological (radiographs,
                  USG, CT scan, MRI, echocardiography), genetic and biochemical tests. Among 100 cases 22 cases showed clinico-radiologically
                  concordance, 45 cases showed clinico-radiological complement and 40 cases showed clinico-radiological discordance. Conclusion: Our study makes an important observation that only clinical evaluation detected only 20% of skeletal dysplasia’s; and hence
                  the importance of clinic-radiological evaluation in the proper diagnosis of skeletal dysplasia’s.
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               Introduction

            Dysplasia is a developmental abnormality; in the pathology, size, shape and organization of adult cells. [1] Osteochondrodysplasia s are a broad category of heterogeneous disorders comprising of bone or cartilage abnormalities or structure.
               A number of over 350 diseases are associated with the osteochondrodysplasia and dysostasis. [2] Their genetic variants tend to evolve during their lives. They exist due to genetic variants. Skeletal dysplasia therefore
               varies from dysostoses that include malformations of single or several bones attributable to pathological in-utero blastogenesis
               and remain unchanged throughout the lifespan phenotypically. [3] Today more than 450 entities focused on radiological, molecular and biochemical parameters have been identified. [4] Although certain dysplasia’s are quite rare individually, in various epidemiological studies, their overall prevalence as
               a group was 2.3–7.6 in 10 000 births. [5,6,7,8]

            Few dysplasia’s become fatal at perinatal level. They arise in non-lethal dysplasia with extreme small height or inability
               to attain longitudinal development or certain physical deformities in the early childhood. The condition is observed on antenatal
               ultrasound scans. Dysplasia may be accurately identified based on the combination of clinical and family history, physical
               assessment, radiological evaluation and molecular and biochemical testing. One of the main elements of a diagnostic study
               of dysplasia is the radiology assessment. A general radiologist will often find a patient with suspected skeletal dysplasia
               in a series of x-rays. While certain dysplasia’s can quickly be identified on the basis of some features or what are regarded
               as textbook results, a careful approach to diagnostics is important. In this article, we discuss the radiological method for
               the diagnosis of non-lethal dysplasia and identify the radiological features of many significant and more severe non-lethal
               dysplasia’s afterwards.
            

         

         
               Subjects and Methods

            Place of Study: Department of Radiology, Niloufer Hospital for women and children.
            

            Type of Study: It is a hospital based Cross sectional study with consecutive sampling.
            

            Duration: Two Years i.e. January 2018 to December 2019.
            

            Sample Size: 100 Children.
            

            Inclusion criteria: 
            

            • All the cases of skeletal dysplasia’s referred to the department of radio diagnosis

            • Skeletal dysplasia cases detected at birth during the study period. 

            • Cases with skeletal dysplasia were included irrespective of the age and sex. 

            
               Exclusion criteria: 
               
            

            • Patients who don’t meet the criteria of definition of skeletal dysplasia parse. 

            • Those patients who refuse to be included in the study.

            Informed consent from all the patients was taken before undergoing the study. All cases of skeletal dysplasia referred to
               the department of radio- diagnosis and all the consecutive births were screened for presence of skeletal dysplasia's, after
               studying family history, genetic history, obstetric history, antenatal history. The cases underwent a detailed anthropometric
               measurement like height, weight, upper segment length, lower segment length, upper segment to lower segment ratio, head circumference,
               chest circumference.
            

            
               Method of Examination:
               
            

            All cases referred to the department of Radio- diagnosis with high degree of clinical suspicion of skeletal dysplasia were
               evaluated with skeletal survey as per the recommendation by Wynne-Davies 30. 
            

            They included:

            1.   Skull X-ray lateral view.

            2.   Antero-Posterior and lateral view of spine (T1-S1).

            3.   Chest Posterior -Anterior view including shoulders.

            4.   Pelvis/hips.

            5.   Antero-Posterior view of one knee.

            6.   Antero-Posterior view of one forearm.

            7.   Posterior-Anterior view of hand/ wrist

            8.   Feet Antero-Posterior view including ankle.

            For new born and small babies, Antero-Posterior and lateral film of the whole body was taken (infantogram).

         

         
               Results

            This study was performed to detect skeletal dysplasia prevalence and categorization in the latest International Nosology 20063
               of patients with skeletal dysplasia’s in new-born’s and to relate clinical diagnosis to radiological diagnosis.
            

            
                  
                  Table 1

                  
                     Age and sex wise distribution of skeletal dysplasia’s
                     
                  

               

               
                     
                        
                           	
                              Age group
                        
                        	
                              Total
                        
                     

                     
                           	
                              Abortus / Stillborn
                        
                        	
                              03
                        
                     

                     
                           	
                              Neonates
                        
                        	
                              23
                        
                     

                     
                           	
                              Infants
                        
                        	
                              11
                        
                     

                     
                           	
                              1-4 years
                        
                        	
                              15
                        
                     

                     
                           	
                              4-8 years
                        
                        	
                              22
                        
                     

                     
                           	
                              8-12 years
                        
                        	
                              06
                        
                     

                     
                           	
                              12 years and above
                        
                        	
                              20
                        
                     

                     
                           	
                              Total
                        
                        	
                              100
                        
                     

                     
                           	
                              Sex
                        
                        	
                              
                     

                     
                           	
                              Male
                        
                        	
                              56
                        
                     

                     
                           	
                              Female
                        
                        	
                              44
                        
                     

                  
               

            

            
                  
                  Table 2

                  
                     Showing distribution of cases based on consanguinity
                     
                  

               

               
                     
                        
                           	
                              Total no. Of cases
                        
                        	
                              Consanguineously married couples
                        
                        	
                              Non-consanguineously married couples
                        
                     

                     
                           	
                              100
                        
                        	
                              48
                        
                        	
                              52
                        
                     

                  
               

            

            The number of cases examined for skeletal dysplasias showed a very high degree of consanguinity majority being uncle-niece
               marriage.
            

            
                  
                  Table 3

                  
                     Classification of skeletal
                     dysplasias based on international nosology 2006
                     
                  

               

               
                     
                        
                           	
                              Serial. No
                        
                        	
                              Groups
                        
                        	
                              No. of cases
                        
                        	
                              Percentage
                        
                     

                     
                           	
                              I.
                        
                        	
                              
                        	
                              Filamin Group
                        
                        	
                              16
                        
                        	
                              16%
                        
                     

                     
                           	
                              
                        	
                              A)
                        
                        	
                              Fronto Metaphyseal Dysplasia’s
                        
                        	
                              03
                        
                        	
                              3.0 %
                        
                     

                     
                           	
                              
                        	
                              B)
                        
                        	
                              OPD Syndrome
                        
                        	
                              05
                        
                        	
                              5.0 %
                        
                     

                     
                           	
                              
                        	
                              C)
                        
                        	
                              Larsen Syndrome
                        
                        	
                              08
                        
                        	
                              8.0 %
                        
                     

                     
                           	
                              II
                        
                        	
                              
                        	
                              FGFR3 Group
                        
                        	
                              11
                        
                        	
                              11%.
                        
                     

                     
                           	
                              
                        	
                              A)
                        
                        	
                              Thanatophoric Dysplasia
                        
                        	
                              02
                        
                        	
                              2.0 %
                        
                     

                     
                           	
                              
                        	
                              B)
                        
                        	
                              Achondroplasia
                        
                        	
                              09
                        
                        	
                              9.0 %
                        
                     

                     
                           	
                              III
                        
                        	
                              
                        	
                              Type 2 Collagen Group
                        
                        	
                              12
                        
                        	
                              12 %
                        
                     

                     
                           	
                              
                        	
                              A)
                        
                        	
                              Spondylo Epiphyseal Dysplasia Congenita
                        
                        	
                              03
                        
                        	
                              3.0 %
                        
                     

                     
                           	
                              
                        	
                              B)
                        
                        	
                              Spondylo Epiphyseal Dysplasia
                        
                        	
                              02
                        
                        	
                              2.0 %
                        
                     

                     
                           	
                              
                        	
                              C)
                        
                        	
                              Mild Sped with Premature Onset Arthrosis
                        
                        	
                              06
                        
                        	
                              6.0 %
                        
                     

                     
                           	
                              
                        	
                              D)
                        
                        	
                              Stickler Syndrome
                        
                        	
                              01
                        
                        	
                              1.0 %
                        
                     

                     
                           	
                              IV
                        
                        	
                              
                        	
                              Sulphation Disorders
                        
                        	
                              03
                        
                        	
                              3%
                        
                     

                     
                           	
                              
                        	
                              A)
                        
                        	
                              Multiple Epiphyseal Dysplasia’s
                        
                        	
                              03
                        
                        	
                              3.0 %
                        
                     

                     
                           	
                              V
                        
                        	
                              
                        	
                              Short Rib Dysplasia Group
                        
                        	
                              09
                        
                        	
                              9 %
                        
                     

                     
                           	
                              
                        	
                              A)
                        
                        	
                              Ellisvan Crevald Syndrome
                        
                        	
                              03
                        
                        	
                              3.0 %
                        
                     

                     
                           	
                              
                        	
                              B)
                        
                        	
                              Asphyxiating Thoracic Dysplasia
                        
                        	
                              06
                        
                        	
                              6.0 %
                        
                     

                     
                           	
                              VI
                        
                        	
                              
                        	
                              Metaphyseal Dysplasia
                        
                        	
                              05
                        
                        	
                              5 %
                        
                     

                     
                           	
                              
                        	
                              A)
                        
                        	
                              Cartilage Hair Hypoplasia
                        
                        	
                              03
                        
                        	
                              3.0 %
                        
                     

                     
                           	
                              
                        	
                              B)
                        
                        	
                              Metaphyseal Dysplasia with Pancreatic Insufficiency Cyclic Neutropenia
                        
                        	
                              02
                        
                        	
                              2.0 %
                        
                     

                     
                           	
                              VII
                        
                        	
                              
                        	
                              Spondylo Metaphyseal Dysplasia
                        
                        	
                              03
                        
                        	
                              3 %
                        
                     

                     
                           	
                              VIII
                        
                        	
                              
                        	
                              Severe Spondylodysplastic Dysplasia
                        
                        	
                              02
                        
                        	
                              2 %
                        
                     

                     
                           	
                              
                        	
                              A)
                        
                        	
                              Fibrochondrogenesis
                        
                        	
                              02
                        
                        	
                              2.0 %
                        
                     

                     
                           	
                              IX
                        
                        	
                              
                        	
                              Acromelic Dysplasias
                        
                        	
                              04
                        
                        	
                              4 %
                        
                     

                     
                           	
                              
                        	
                              A)
                        
                        	
                              Trichorhinophalangeal Syndrome Type I
                        
                        	
                              02
                        
                        	
                              2.0 %
                        
                     

                     
                           	
                              
                        	
                              B)
                        
                        	
                              Trichorhinophalangeal Syndrome Type II
                        
                        	
                              02
                        
                        	
                              2.0 %
                        
                     

                     
                           	
                              X
                        
                        	
                              
                        	
                              Mesomelic And Rhizo-mesomelic Dysplasia
                        
                        	
                              06
                        
                        	
                              6 %
                        
                     

                     
                           	
                              
                        	
                              A)
                        
                        	
                              Robinow Syndrome
                        
                        	
                              06
                        
                        	
                              6.0%
                        
                     

                     
                           	
                              XI
                        
                        	
                              
                        	
                              Slender Bone Dysplasia
                        
                        	
                              02
                        
                        	
                              2 %
                        
                     

                     
                           	
                              
                        	
                              A)
                        
                        	
                              Kenny Caffey Dysplasia
                        
                        	
                              02
                        
                        	
                              2.0 %
                        
                     

                     
                           	
                              XII
                        
                        	
                              
                        	
                              Increased Bone Density Group
                        
                        	
                              08
                        
                        	
                              8%
                        
                     

                     
                           	
                              
                        	
                              A)
                        
                        	
                              Osteopetrosis
                        
                        	
                              06
                        
                        	
                              6.0%
                        
                     

                     
                           	
                              
                        	
                              B)
                        
                        	
                              Pyknodysostosis
                        
                        	
                              02
                        
                        	
                              2.0%
                        
                     

                     
                           	
                              XIII
                        
                        	
                              
                        	
                              Limb Hypoplasia-reduction Group
                        
                        	
                              9
                        
                        	
                              9%
                        
                     

                     
                           	
                              
                        	
                              
                        	
                              FHUFS
                        
                        	
                              06
                        
                        	
                              6.0%
                        
                     

                     
                           	
                              
                        	
                              
                        	
                              Tar Syndrome
                        
                        	
                              03
                        
                        	
                              3.0%
                        
                     

                     
                           	
                              XIV
                        
                        	
                              
                        	
                              Lysosomal Storage Disease with Skeletal Involvement.
                        
                        	
                              11
                        
                        	
                              11%
                        
                     

                     
                           	
                              
                        	
                              
                        	
                              MPS Type - 1
                        
                        	
                              06
                        
                        	
                              6.0%
                        
                     

                     
                           	
                              
                        	
                              
                        	
                              MPS Type - 3
                        
                        	
                              04
                        
                        	
                              4.0%
                        
                     

                     
                           	
                              
                        	
                              
                        	
                              MPS Type - 4
                        
                        	
                              01
                        
                        	
                              1.0%
                        
                     

                  
               

            

            Type 2 Collagen group, Filamin and FGFR3 group, Lysosomal storage disease with skeletal development were observed majorly
               in the entire study population.
            

            
                  
                  Figure 1

                  Cleido Cranial Dysplasia

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/9c2e1d2f-ee66-4bd7-85f9-eb5888ab76a2image1.jpeg]

            
                  
                  Figure 2

                  Asphyxiating thoracic dysplasia
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                  Figure 3

                  Ellis van crevald syndrome
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                  Figure 4

                  Metaphyseal Chondrodysplasia

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/9c2e1d2f-ee66-4bd7-85f9-eb5888ab76a2image4.jpeg]

            
                  
                  Figure 5

                  Metaphyseal Chondrodysplasia
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                  Figure 6

                  Metaphyseal Chondrodysplasia
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                  Table 4

                  
                     Correlation between clinical diagnosis and radiological diagnosis:
                     
                  

               

               
                     
                        
                           	
                              Variables
                        
                        	
                              No. of Cases
                        
                        	
                              Percentage
                        
                     

                     
                           	
                              Clinico-radiological concordance
                        
                        	
                              22/139
                        
                        	
                              22.0%
                        
                     

                     
                           	
                              Clinico-radiological complement
                        
                        	
                              45/139
                        
                        	
                              45.0%
                        
                     

                     
                           	
                              Clinico-radiological discordance
                        
                        	
                              40/139
                        
                        	
                              40.0%
                        
                     

                  
               

            

            100 cases of skeletal dysplasia’s were detected by various modes of examination like clinical, radiological (radiographs,
               USG, CT scan, MRI, echocardiography), genetic and biochemical tests. Among 100 cases 22 cases showed clinico-radiologically
               concordance, 45 cases showed clinico-radiological complement and 40 cases showed clinico-radiological discordance.
            

            Our study makes an important observation that only clinical evaluation detected only 20% of skeletal dysplasia’s; and hence
               the importance of clinic-radiological evaluation in the proper diagnosis of skeletal dysplasia’s.
            

            
                  
                  Table 5

                  
                     
                     Diagnostic accuracy in clinical diagnosis of
                     MPS & SPED
                     
                  

               

               
                     
                        
                           	
                              Clinical diagnosis
                        
                        	
                              Radiological diagnosis
                        
                        	
                              Total
                        
                     

                     
                           	
                              MPS
                        
                        	
                              Others
                        
                     

                     
                           	
                              MPS
                        
                        	
                              6
                        
                        	
                              4
                        
                        	
                              10
                        
                     

                     
                           	
                              Others
                        
                        	
                              7
                        
                        	
                              83
                        
                        	
                              90
                        
                     

                     
                           	
                              Total
                        
                        	
                              13
                        
                        	
                              87
                        
                        	
                              100
                        
                     

                     
                           	
                              Sensitivity- 45%
                        
                        	
                              Specificity-98%
                        
                     

                     
                           	
                              
                        	
                              
                        	
                              
                     

                     
                           	
                              
                        	
                              SPED
                        
                        	
                              Others
                        
                        	
                              
                     

                     
                           	
                              SPED
                        
                        	
                              1
                        
                        	
                              8
                        
                        	
                              SPED
                        
                     

                     
                           	
                              Others
                        
                        	
                              8
                        
                        	
                              83
                        
                        	
                              OTHERS
                        
                     

                     
                           	
                              Total
                        
                        	
                              9
                        
                        	
                              91
                        
                        	
                              TOTAL
                        
                     

                     
                           	
                              Sensitivity- 11%
                        
                        	
                              Specificity-25%.
                        
                     

                  
               

            

            Among 100 cases of skeletal dysplasia’s detected in our study period, most common group of dysplasia was mucopolysaccharidosis
               with as many as 10 cases. Among those 6 cases were detected clinically with a sensitivity of 45% and specificity of 98%. Sped
               was the next common group of skeletal dysplasia in our study period with as many as 9 cases detected, among those clinical
               diagnosis was possible in only 1 case with sensitivity of 11% and specificity of 25%.
            

         

         
               Discussion

            A complete study on dysplasia’s in the population is difficult because majority of skeletal dysplasia’s are nonlethal, many
               of which do not manifest at birth and may go unnoticed. Even those with major manifestations, there are difficulties in logistics
               with population-based studies.
            

            All the cases in our study were classified according to the latest Nosology 2006 revision. [9] Majority of our cases satisfied the classification. We have included these cases, because of majority of skeletal dysplasia’s
               and syndromes overlap and have a common pathogenetic mechanism ex. Stickler syndrome, which was once considered as syndrome
               is now included under dysplasia’s. We strongly believe that our cases which could not fit into the classification system may
               be included in classification system in near future. A very few Indian studies have been conducted on this. [10,11,12]

            Among 100 cases of skeletal dysplasia’s which were detected by various methods of examination like clinical, radiological
               (Radiography, USG, CT, MRI, echocardiography), genetic and biochemical tests. Among these 100 cases, 22 cases showed clinico-radiological
               concordance, 40 cases showed clinico-radiological complement and 45 cases showed clinico-radiological discordance. This shows
               that diagnosis of skeletal dysplasia’s cannot be made just on clinical grounds or purely on radiological basis. This reemphasises
               the fact that multidisciplinary approach is more appropriate for arriving at a diagnosis in skeletal dysplasia’s as in any
               other condition.
            

            We were not able to show the accuracy of clinical diagnosis in all the cases, because majority of cases detected were individual
               cases, so we tried to include the most common skeletal dysplasia group like MPS, SPED. Diagnostic accuracy of clinical diagnosis
               in MPS- We had 11 cases of MPS, among which 5 cases were detected on clinical grounds with a sensitivity of 45% and specificity
               of 98%, but diagnosis was possible in all cases by radiological examination. However, with recent development of enzyme replacement
               therapy (ERT) the clinico-radiological diagnosis will and soon become obsolete & only enzymatic diagnosis will be required
               to help these patients with ERT. Diagnostic accuracy of clinical diagnosis in SPED- SPED (9 cases) was the next common entity
               and the diagnosis on clinical grounds was possible in one case with sensitivity of 11% and specificity of 25% but radiological
               diagnosis was possible in all cases. This shows that in majority of cases an accurate diagnosis of skeletal dysplasia’s is
               only possible on radiological evaluation.
            

         

         
               Conclusion

            Skeletal dysplasia’s are common group of disorders; they have a varied presentation, right from antenatal period to adult
               life. They can present with Deformity, Dwarfism, Disability and Death. These groups of disorders are not unknown but are difficult
               to diagnose and manage. It requires a multidisciplinary approach to identify and manage such disorders. It is ideal to have
               national registry of such disorders.
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