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InheritedInherited  diseasesdiseases  

 AchondroplasiaAchondroplasia  
-- AD, single gene AD, single gene disorderdisorder  (gene (gene forfor  fibroblast fibroblast growthgrowth  factorfactor  receptor)receptor)  

-- shortshort  stature,rhizomelicstature,rhizomelic  shorteningshortening  ofof   thethe  limbslimbs, , frontalfrontal  bossingbossing, , midfacemidface  deficiencydeficiency  

  

 OsteopetrosisOsteopetrosis  
-- reducedreduced  osteoclastosteoclast  bone bone resorptionresorption,  ,  diffusediffuse  symmetricsymmetric  skeletalskeletal  sclerosissclerosis  

-- bonesbones  abnormalyabnormaly  brittlebrittle  ((osteosclerosisosteosclerosis  fragilisfragilis  generalisatageneralisata))  

-- AR AR malignantmalignant  type and AD type and AD benignbenign  typetype  

-- AnemiaAnemia  ((reducedreduced  bone bone marrowmarrow  spacespace), ), extramedullarextramedullar  hemopoiesishemopoiesis  ––  hepatosplenomegalyhepatosplenomegaly, , 
repeatedrepeated  infectionsinfections, , fracturesfractures, , cranialcranial  nervesnerves  problemsproblems  ––  thethe  resultresult  ofof   nerve nerve compressioncompression  ((opticoptic  
atrophyatrophy, , deafnessdeafness, , facialfacial  paralysisparalysis))  

  

 MucopolysacharidosesMucopolysacharidoses  
-- enzymesenzymes  (acid (acid hydrolaseshydrolases) ) degradingdegrading  dermatandermatan, , heparanheparan, and , and keratankeratan  sulphatessulphates  deficiencesdeficiences    

-- chondrocyteschondrocytes  ((playingplaying  a role in a role in thethe  metabolismmetabolism  ofof   extracellularextracellular  matrix matrix mucopolysacharidesmucopolysacharides) most ) most 
severlyseverly  affectedaffected; ; alsoalso  bonesbones, skin, , skin, connectiveconnective  tissuestissues  and and corneascorneas  affectedaffected  

-- abnormalitiesabnormalities  ofof   hyalinehyaline  cartilagecartilage  resultresult  in in shortshort  staturestature, , chestchest  wallwall  abnormalititesabnormalitites, , malformedmalformed  
bonesbones  

-- type I (type I (HurlerHurler  diseasedisease) and IV ) and IV   

  
  
  

  



InheritedInherited  diseasesdiseases  

  
 type 1 type 1 collagencollagen  diseasedisease  ((osteogenesisosteogenesis  imperfectaimperfecta  typestypes  11--4)4)  

-- phenotypicallyphenotypically  relatedrelated  disordersdisorders; ; variablevariable  severityseverity  ofof   thethe  diseasedisease  withinwithin  thethe  typestypes  

-- clinicallyclinically: bone : bone fragility, fragility, hearinghearing  lossloss, blue , blue scleraesclerae, , dentinogenesisdentinogenesis  imperfectaimperfecta; ; variablevariable  
severityseverity  ofof   thethe  diseasedisease  withinwithin  thethe  typestypes  

  

 type 2, 10, and 11 type 2, 10, and 11 collagencollagen  diseasesdiseases  

-- achondrogenesisachondrogenesis  ((shortshort  trunktrunk, , severelyseverely  shortenedshortened  extremitiesextremities, , relativelyrelatively  enlargedenlarged  
craniumcranium, , flattenedflattened  face)face)  

-- hypochondrogenesishypochondrogenesis  ((similarsimilar  phenotypephenotype) )   

-- multiplemultiple  epiphysealepiphyseal  dysplasiadysplasia  ((shortshort  oror  normalnormal  staturestature, , smallsmall  epiphysesepiphyses, early , early onsetonset  
osteoarthritisosteoarthritis))  

-- metaphysealmetaphyseal  chondrodysplasiachondrodysplasia  ((coxacoxa  varavara, , bowingbowing  ofof   lowerlower  extremititesextremitites, , 
metaphysealmetaphyseal  flaringflaring))  

  

  



RegulationRegulation  ofof   calciumcalcium  metabolismmetabolism  

 ParathyroidParathyroid  hormone (PTH) hormone (PTH)   

 Vitamin DVitamin D  
-- to to stimulatestimulate  bone bone calciumcalcium  mobilisationmobilisation  (PTH)(PTH)  

-- to to increaseincrease  renalrenal  reabsorptionreabsorption  ofof   calciumcalcium  in in thethe  distaldistal  tubule (PTH, vitamin D)tubule (PTH, vitamin D)  

-- to to stimulatestimulate  intestinalintestinal  calciumcalcium  and and phosphatephosphate  absorptionabsorption  (vitamin D)(vitamin D)  

  

 CalcitoninCalcitonin  

-- producedproduced  by by parafollicularparafollicular  cellscells  ofof   thethe  thyroidthyroid  

-- to to lowerlower  serumserum  calciumcalcium, , ifif   elevatedelevated  

  



HyperparathyreoidismHyperparathyreoidism: :   
fibrousfibrous  osteodystrophyosteodystrophy, osteitis , osteitis cysticacystica  fibrosafibrosa, von , von 

RecklinghausenRecklinghausen  diseasedisease  ofof   bonesbones  

 HyperparathyreoidismHyperparathyreoidism  (↑(↑PTH):PTH):  causescauses  increasedincreased  osteoclasticosteoclastic  breakdownbreakdown  ofof   

bonebone  

-- primaryprimary::  hyperplasiahyperplasia, tumor (, tumor (adenomaadenoma))  

-- secondarysecondary::  in in hypocalcemiahypocalcemia  resultingresulting  in in increasedincreased  secretionsecretion  ofof   PTH PTH   

            ((e.ge.g. in . in renalrenal  failurefailure: : renalrenal  osteodystrophyosteodystrophy  ((combinationcombination  ofof           

              osteomalaciaosteomalacia  and ↑PTH)and ↑PTH)  

-- secretionsecretion  ofof   PTH PTH relatedrelated  peptide by peptide by malignantmalignant  tumortumor  

  

 entireentire  skeleton skeleton affectedaffected, osteitis , osteitis fibrosafibrosa  cysticacystica  nownow  very very rarerare  

  

 thinthin  cortexcortex, , osteopeniaosteopenia, , fibrovascularfibrovascular  tissuetissue  withinwithin  bone bone marrowmarrow  spacesspaces, , hemorrhageshemorrhages, , 
organisationorganisation  ofof   hematomshematoms, , pseudocystspseudocysts, , brownbrown  tumorstumors  ((massmass  ofof   reactivereactive  tissuetissue))  

  

  

  



Pathologic fracture and brown tumorPathologic fracture and brown tumor  



Renal osteodystrophyRenal osteodystrophy  

 high turnover osteodystrophy (high osteoclastic and osteoblastic activity)high turnover osteodystrophy (high osteoclastic and osteoblastic activity)  

 low turnover osteodystrophy (low activity; adynamic, aplastic disease)low turnover osteodystrophy (low activity; adynamic, aplastic disease)  

 osteomalaciaosteomalacia  

 mixed picture of  the renal osteodystrophymixed picture of  the renal osteodystrophy  

  

  

 chronic renal diseases:chronic renal diseases:  

-- phosphate retention and hyperphosphatemiaphosphate retention and hyperphosphatemia  

-- hypocalcemia (avitaminosis D)hypocalcemia (avitaminosis D)  

-- secondary hyperparathyreoidism secondary hyperparathyreoidism   

-- metabolic acidosis stimulating also bone resorptionmetabolic acidosis stimulating also bone resorption  

-- aluminium deposition at the site of  mineralization (dialysis solution); Al interferes with aluminium deposition at the site of  mineralization (dialysis solution); Al interferes with 
the deposition of  calcium hydroxyapatite promoting osteomamacia the deposition of  calcium hydroxyapatite promoting osteomamacia   

-- amyloid deposition in bones and periarticular structures (amyloid deposition in bones and periarticular structures (ββ2 2 mikroglobulin) in patients mikroglobulin) in patients 
on longon long--term dialysisterm dialysis  

  



RicketsRickets  and and osteomalaciaosteomalacia  

 DueDue  to to deficient deficient mineralisationmineralisation  ofof   organicorganic  bone bone matrixmatrix  

  

 In In sitessites  ofof   enchondralenchondral, , endostalendostal  and and periostalperiostal  ossificationossification; ; resultsresults  
in in excessexcess  ofof   unmineralizedunmineralized  matrixmatrix  

  

 DueDue  to to lacklack  ofof   activeactive  metabolitesmetabolites  ofof   vitamin Dvitamin D  

  

 HypovitaminosisHypovitaminosis  D D duedue  to to dietarydietary  deficiencydeficiency  ofof   vitamin D, vitamin D, 

lacklack  ofof   sunlightsunlight, , intestinalintestinal  malabsroptionmalabsroption, , failurefailure  to to 

metabolisemetabolise  vitamin D (in vitamin D (in renalrenal  and liver and liver diseasesdiseases, in , in 

congenitalcongenital  enzyme enzyme deficiencesdeficiences) )   

  

  

  



RicketsRickets  and and osteomalaciaosteomalacia  

 RicketsRickets  occursoccurs  in in growinggrowing  childrenchildren  and and causescauses  bone bone deformitiesdeformities; ; 
inadequateinadequate  provisionalprovisional  calcificationcalcification  ofof   epiphysealepiphyseal  cartilagecartilage, , persistedpersisted  massesmasses  ofof   

cartilagecartilage, , osteoidosteoid  matrix on matrix on inadequatelyinadequately  mineralizedmineralized  cartilaginouscartilaginous  remnantsremnants, , abnormalabnormal  

overgrowthovergrowth  ofof   capillariescapillaries  and and fibroblastsfibroblasts  in in thethe  disorganizeddisorganized  zoneszones  becausebecause  ofof   

microfracturesmicrofractures, , deformationdeformation  ofof   skeleton (skeleton (caputcaput  quadratumquadratum, , pigeonpigeon  breastbreast  deformity, deformity, 

rachiticrachitic  rosaryrosary, , lumbarlumbar  lordosislordosis, , bowingbowing  ofof   thethe  legslegs,…),…)  

  

 OsteomalaciaOsteomalacia  occursoccurs  in in adultsadults, , causescauses  susceptibility to susceptibility to fracturefracture  but but fewfew  

deformitiesdeformities; ; inadequateinadequate  mineralizationmineralization  ofof   newlynewly  formedformed  osteoidosteoid  matrix matrix ––  weakweak  and and 

vulnerablevulnerable  bonesbones  (bone (bone trabeculestrabecules  rimmmedrimmmed  by by unmineralizedunmineralized  osteoidosteoid))  

  

 Vitamin D Vitamin D resistentresistent  ricketsrickets  and and osteomalaciaosteomalacia    

-- hypophosphatemichypophosphatemic  osteomalaciaosteomalacia    

-- inhibitioninhibition  ofof   mineralizationmineralization  by fluor, aluminium, by fluor, aluminium, diphosphonatesdiphosphonates  

-- oncogeniconcogenic  osteomalaciaosteomalacia  ((smallsmall  cell cell carcinomacarcinoma  producesproduces  phosphaturicphosphaturic  substance)  substance)    

  

  





MollerMoller--BarlowBarlow  diseasedisease  ––  avitaminosisavitaminosis  CC  

 vitamin C vitamin C ––  hydroxylationhydroxylation  ofof   moleculesmolecules  ofof   procollagenprocollagen  

  

 decreaseddecreased  secretionsecretion  ofof   collagencollagen  by by fibroblastsfibroblasts  and and osteoblastsosteoblasts  

  

 hemorrhageshemorrhages, , subperiostalsubperiostal  hematomashematomas, , bleedingbleeding  intointo  joint joint spacesspaces  

  

 decreaseddecreased  productionproduction  ofof   osteoidosteoid  and and proliferationproliferation  ofof   cartilagecartilage  

((mineralizationmineralization  normalnormal) ) ––  infractionsinfractions, , fracturesfractures, , lysislysis  epiphyseosepiphyseos, , 

periostitisperiostitis  ossificansossificans  

  



PagetPaget  diseasedisease  (osteitis (osteitis deformansdeformans))  

1.1. osteolyticosteolytic  stagestage  

2.2. osteoclasticosteoclastic--osteoblasticosteoblastic  stagestage  

3.3. osteoscleroticosteosclerotic  stagestage  

  

Etiology??Etiology??  

 slowslow  virus virus infectioninfection  ((paramyxovirusparamyxovirus) ) 
––  viralviral  particlesparticles  seenseen  in in osteoclastsosteoclasts  

 hereditaryhereditary  componentcomponent  ((linkedlinked  to to 
locuslocus  on 18q)on 18q)  

  

 PageticPagetic  bone bone enlargedenlarged  withwith  thickthick, , 
coarsenedcoarsened  corticescortices  and and cancellouscancellous  
bonebone    

 ClinicallyClinically  painpain, , deformitiesdeformities, , 
fracturesfractures, nerve , nerve compressioncompression  

 MonoostoticMonoostotic  ––  PolyostoticPolyostotic  (15 %)(15 %)  

 HigherHigher  incidence incidence ofof   tumorstumors  and and 
tumortumor--likelike  lesionslesions  
  

  



OsteoporosisOsteoporosis  

 ReductionReduction  ofof   bone bone massmass  in in thethe  presence presence ofof   normalnormal  mineralisationmineralisation; ; duedue  to to 

increasedincreased  bone bone resorptionresorption, , decreaseddecreased  bone bone formationformation, , oror  bothboth    

  

 CommonCommon  in in elderlyelderly, , particularlyparticularly  in in femalesfemales, , followsfollows  anyany  formform  ofof   immobilityimmobility  

  

 ComplicationComplication  ofof   steroid steroid therapytherapy  and and CushingCushing´́ss  syndromesyndrome  

  

 AssociatedAssociated  withwith  alcoholismalcoholism, diabetes, , diabetes, liverslivers  diseasedisease  and smokingand smoking  

  

 CommonCommon  predisposingpredisposing  factorfactor  ofof   fracturesfractures, , particularlyparticularly  neckneck  ofof   femur, femur, 

causescauses  skeletalskeletal  deformitiesdeformities  and bone and bone painpain  ((duedue  to to compressioncompression  fracturesfractures))  

  





OsteoporosisOsteoporosis::  
increasedincreased  porosity porosity ofof   thethe  skeleton skeleton resultingresulting  fromfrom  reducedreduced  bone bone massmass  

 PrimaryPrimary  
-- postmenopausalpostmenopausal  

-- SenileSenile  

  

 SecondarySecondary  
1.  1.  EndocrinopathiesEndocrinopathies  

-- hyperparathyreoidismhyperparathyreoidism  

-- hypohypo--hyperthyreoidismhyperthyreoidism  

-- hypogonadismhypogonadism  

-- pituitarypituitary  tumorstumors  

-- type I diabetes type I diabetes mellitusmellitus  

-- AddisonAddison  diseasedisease  

2.   2.   NeoplasiaNeoplasia  ((multiplemultiple  myelomamyeloma, , carcinomatosiscarcinomatosis))  

3.   GIT 3.   GIT disordersdisorders  ((malnutritionmalnutrition, , malabsorptionmalabsorption, , hepatichepatic  insufficiencyinsufficiency, vit. C,D , vit. C,D deficienciesdeficiencies))  

4.   4.   RheumatologicRheumatologic  diseasesdiseases  

5.   5.   DrugsDrugs  ((anticoagulansanticoagulans, , chemotherapychemotherapy, , corticosteroidscorticosteroids, , alcoholalcohol, , anticonvulsantsanticonvulsants))  

6.   6.   MiscellaneousMiscellaneous  ((osteogenesisosteogenesis  imperfectaimperfecta, , immobilisationimmobilisation, , pulmonarypulmonary  diseasesdiseases, , homocystinuriahomocystinuria, , 
anemiaanemia)  )    

  

  



OsteomyelitisOsteomyelitis  

 InflammatoryInflammatory  lesionlesion  duedue  to to bacterialbacterial  infectioninfection  ofof   bonebone  

 BacteriaBacteria  enter bone enter bone eithereither  fromfrom  bloodblood  oror  directlydirectly  throughthrough  skin skin 

woundwound  overover  a a compoundcompound  fracturefracture  

 NecroticNecrotic  bone bone formsforms  innerinner  sequestrumsequestrum  

 ReactiveReactive  newnew  bone bone formsforms  outerouter  involcuruminvolcurum  

 Most Most commoncommon  in in childrenchildren  (most (most usualusual  StaphylococcusStaphylococcus  aureus aureus 

infectioninfection))  

 A A complicationcomplication  ofof   advancedadvanced  tuberculosistuberculosis  

 May May complicatecomplicate  thethe  use use ofof   internalinternal  fracturefracture  fixationfixation  divicesdivices  

  



OsteomyelitisOsteomyelitis  



Infections Infections --  osteomyelitisosteomyelitis  

 PyogenicPyogenic  osteomyelitisosteomyelitis  

-- StaphylococcusStaphylococcus  a., E. coli, a., E. coli, PseudomonasPseudomonas, , KlebsiellaKlebsiella, , HaemophilusHaemophilus  i., i., SalmonellaSalmonella,…,…  

-- acuteacute, , subacutesubacute, , chronicchronic  

-- acuteacute  inflammatoryinflammatory  reactionreaction, , subperiostalsubperiostal  abscessabscess, , necrosisnecrosis  ((sequestrumsequestrum), ), drainingdraining  
sinussinus  

-- chronicchronic  osteomyelitis: osteomyelitis: reactivereactive  periostitisperiostitis  ossificansossificans  ((involcuruminvolcurum))  

  

 TuberculousTuberculous  osteomyelitisosteomyelitis  

-- hematogenoushematogenous  spreadspread  ofof   BK BK intointo  bonesbones  ((rarelyrarely  direct direct extensionextension  oror  lymphogenouslymphogenous  
spreadspread))  

-- PottPott  diseasedisease  in in thethe  spinespine  

  

 SkeletalSkeletal  syphilissyphilis  

-- STD, Treponema STD, Treponema pallidumpallidum  

-- congenitalcongenital  syphilissyphilis  ((spirochetesspirochetes  localizedlocalized  in in areasareas  ofof   activeactive  enchondralenchondral  ossificationossification  
((osteochondritisosteochondritis) and in ) and in thethe  periosteumperiosteum  ((periostitisperiostitis))  

-- acquiredacquired  syphilissyphilis  ((tertiarytertiary  stagestage; ; reactivereactive  periostitisperiostitis: nose, : nose, palatepalate, , skullskull, , extremitiesextremities  ––  
tibiatibia  ––  sabersaber  shinshin))  

  



Avascular necrosis: osteonecrosisAvascular necrosis: osteonecrosis  

 Idiopathic (m. Perthes Idiopathic (m. Perthes ––  femur, m. Kohler femur, m. Kohler ––  os naviculare)os naviculare)  

 Traumatic (mechanical vascular interruption, fracture)Traumatic (mechanical vascular interruption, fracture)  

 CorticosteroidsCorticosteroids  

 InfectionsInfections  

 Dysbarism (nitrogen bubbles) Dysbarism (nitrogen bubbles)   

 Radiation therapy (vessel injury)Radiation therapy (vessel injury)  

 Connective tissue disorders (vasculitis, vessel injury)Connective tissue disorders (vasculitis, vessel injury)  

 Pregnancy Pregnancy   

 Gaucher diseaseGaucher disease  

 Sickle cells and other anemiasSickle cells and other anemias  

 Alcohol abuseAlcohol abuse  

 Chronic pancreatitisChronic pancreatitis  

 TumorsTumors  

 Epiphyseal disordersEpiphyseal disorders  



Bone tumors and tumorBone tumors and tumor--like lesionslike lesions    

 BoneBone--formingforming  tumorstumors  

  

 CartilageCartilage--formingforming  tumorstumors  

  

 FibrousFibrous  and and fibrofibro--osseousosseous  tumorstumors  

  

 EwingEwing  sarcomasarcoma  (primitive (primitive neuroectodermalneuroectodermal  tumor tumor 
(PNET))(PNET))  

  

 GiantGiant  cell tumor (cell tumor (osteoclastomaosteoclastoma))  



SecondarySecondary  ––  metastaticmetastatic  tumourstumours  

 MetastasesMetastases  in in adultsadults: :   
-- carcinomascarcinomas  ofof   prostateprostate, , breastbreast, , kidneykidney, , lunglung,…. ,….   

  

 MetastasesMetastases  in in childrenchildren: :   
-- neuroblastomaneuroblastoma, , WilmsWilms  tumor, tumor, osteosarcomaosteosarcoma, , EwingEwing  sarcomasarcoma, , 

rhabdomyosarcomarhabdomyosarcoma,…,…  

  

 MetastasesMetastases: :   
-- lyticlytic  ––  secretssecrets  (PG, IL, PTHRP,…) (PG, IL, PTHRP,…) stimulatingstimulating  ostaeoclasticostaeoclastic  bone bone resorptionresorption    

((e.ge.g. . carcinomascarcinomas  ofof     kidneykidney, , lunglung, GIT, , GIT, melanomamelanoma,…),…)  

-- osteoblasticosteoblastic  ((prostaticprostatic  cancercancer))  

-- mixedmixed  lyticlytic  and and osteoblasticosteoblastic  

  



Bone Bone formingforming  tumorstumors  --  benignbenign  

 OsteomaOsteoma  

-- facialfacial  and and skullskull  bonesbones  

-- solitarysolitary  oror  multiplemultiple  ((GardnerGardner  syndrome: syndrome: osteomasosteomas, , intestinalintestinal  polypspolyps, , benignbenign  STT)STT)  

-- bosselatedbosselated  roundround  to oval to oval sessilesessile  tumorstumors    

-- wavenwaven  and and lamelarlamelar  bone in a bone in a corticalcortical  patternspatterns  withwith  haverianhaverian--likelike  systémsystém  

  

 OsteoidOsteoid  osteomaosteoma  

-- <<  2 cm, 2 cm, painfulpainful  ((excessexcess  ofof   PG EPG E22  producedproduced  by by proliferatingproliferating  osteoblastsosteoblasts))  

-- teenagersteenagers  

-- appendicularappendicular  skeleton (femur, skeleton (femur, tibiatibia,…), ,…), cortexcortex>>medullamedulla; M:F=2:1; M:F=2:1  

-- centrallycentrally  nidusnidus  ((trabeculaetrabeculae  ofof   wovenwoven  bone bone rimmedrimmed  by by osteoblastsosteoblasts); ); rimmedrimmed  by by reactivereactive  scleroticsclerotic  
bonebone  

  

 OsteoblastomaOsteoblastoma  

-- >>  2 cm2 cm  

-- no no rimrim  ofof   scleroticsclerotic  bone  bone    

-- locallylocally  aggressiveaggressive  

-- spine and long spine and long bonesbones  

-- painpain  no no responsiveresponsive  to to salicylatessalicylates    

  



Bone forming tumors Bone forming tumors ––  

malignant malignant   
 OsteosarcomaOsteosarcoma  

-- malignant mesenchymal tumors with neoplastic cells producing bone matrix malignant mesenchymal tumors with neoplastic cells producing bone matrix   

-- 75 % in patients under 20 75 % in patients under 20   

-- in older patients often associated with Pagetin older patients often associated with Paget´́s disease, bone infarcts and prior s disease, bone infarcts and prior 
irradiation (secondary tumors)irradiation (secondary tumors)  

-- metaphyses of  long bones (60 % knee)metaphyses of  long bones (60 % knee)  

-- intramedullary, intracortical or surfaceintramedullary, intracortical or surface  

-- abnormalities of  RB gene, p16, p53, p21, cyclinD1, mdm2, CDK4,…abnormalities of  RB gene, p16, p53, p21, cyclinD1, mdm2, CDK4,…  

-- osteoblastic, chondroblastic, fibroblastic, teleangiectatic, small cell, giant cellosteoblastic, chondroblastic, fibroblastic, teleangiectatic, small cell, giant cell  

-- clinically painful, enlarging masss, pathologic fractureclinically painful, enlarging masss, pathologic fracture  

-- destruction of  cortex, soft tissue masses, periostal bone formation (Codman destruction of  cortex, soft tissue masses, periostal bone formation (Codman 
triangle)triangle)  

-- hematogeneous spreading (metastases in lungs, bones, brain,…)  hematogeneous spreading (metastases in lungs, bones, brain,…)    

  

  

  



OsteosarcomaOsteosarcoma  



CartilageCartilage--forming tumorsforming tumors  

 Osteochondroma (exostosis osteocartilaginea)Osteochondroma (exostosis osteocartilaginea)  

-- metaphysis of  long bones (knee) near the growth platemetaphysis of  long bones (knee) near the growth plate  

-- solitary or multiple (hereditary exostosissolitary or multiple (hereditary exostosis--AD)AD)  

-- mushroom shaped covered by benign hyaline cartilage and perichondrium, 1mushroom shaped covered by benign hyaline cartilage and perichondrium, 1--
20 cm, growth based on enchondral ossification20 cm, growth based on enchondral ossification  

-- rarely giving rise to chondrosarcoma rarely giving rise to chondrosarcoma   

  

 ChondromaChondroma  

-- enchondroma (within medullar cavity) or juxtacortical chondromas enchondroma (within medullar cavity) or juxtacortical chondromas   

            (subperiostal)(subperiostal)  

-- Ollier disease Ollier disease --  multiple enchondromas  with a risk of  malignizationmultiple enchondromas  with a risk of  malignization  

-- Maffucci syndrome Maffucci syndrome ––  multiple enchondromas with a risk of  malignization + multiple enchondromas with a risk of  malignization + 
soft tissue hemangiomassoft tissue hemangiomas  

-- Nodules of  hyaline cartilage surrounded by a thin layer of  reactive boneNodules of  hyaline cartilage surrounded by a thin layer of  reactive bone  



 ChondroblastomaChondroblastoma  

-- youngyoung  patientspatients, , teensteens, M:F=2:1, M:F=2:1  

-- epiphysesepiphyses  ((kneeknee), pelvis, ), pelvis, ribsribs  

-- sheetssheets  ofof   compactcompact  polygonalpolygonal  chondroblast, chondroblast, hyalinehyaline  matrix (matrix (ifif   calcifiedcalcified  ––  chickenchicken--wirewire  
patternpattern  ofof   hyalinizationhyalinization) , ) , nodulesnodules  ofof   hyalinehyaline  cartilagecartilage, , osteoclastosteoclast--type type giantgiant  cellscells, , 
hemorrhagichemorrhagic  cysticcystic  degenerationdegeneration    

  

 ChondromyxoidChondromyxoid  fibromafibroma  

-- teensteens  and and twentiestwenties, M, M>>FF  

-- metaphysismetaphysis  ofof   long long tubulartubular  bonesbones, 3, 3--8 cm, 8 cm, lobularlobular, , chondromyxoidchondromyxoid  tissuetissue  withwith  spindlespindle  
oror  stellatestellate  cellscells; more ; more cellularcellular  atat  thethe  peripheryperiphery  ofof   lobuleslobules, , oftenoften  withwith  osteoclastosteoclast--type type 
cellscells  

  

 ChondrosarcomaChondrosarcoma  

-- patientspatients  more more thanthan  20, 20, usuallyusually  more more thanthan  4040  

-- pelvis, pelvis, shouldershoulder, , ribsribs  

-- de novo de novo oror  malignizationmalignization  ofof   enchondromasenchondromas, , osteochondromasosteochondromas, , chondroblastomaschondroblastomas, , 
fibrousfibrous  dysplasiadysplasia, , oror  settingsetting  in in PagetPaget´́ss  diseasedisease  

-- painfulpainful, , progressivelyprogressively  enlargingenlarging  massmass, , thickeningthickening  ofof   thethe  cortexcortex, , destructiondestruction  ofof   thethe  
cortexcortex  and soft and soft tissuetissue  massmass; ; metastaticmetastatic  spreadspread  intointo  lungslungs  and skeleton (and skeleton (oftenoften  latelate  
metastaticmetastatic  spreadspread) )   

-- malignantmalignant  hyalinehyaline  and and myxoidmyxoid  cartilagecartilage, , nodularnodular  arrangement; arrangement; variantsvariants: : juxtacorticaljuxtacortical, , 
dedifferentiateddedifferentiated, , clearclear  cellcell  

  



Chondrosarcoma and chondromaChondrosarcoma and chondroma  



Fibrous and fibroFibrous and fibro--osseous tumorsosseous tumors    

 FibrousFibrous  corticalcortical  defectdefect  and nonand non--ossifyingossifying  fibromafibroma  ((metaphysalmetaphysal  fibrousfibrous  defectdefect))  

-- distaldistal  femur and femur and proximalproximal  tibiatibia, , alsoalso  bilateralbilateral  and and multiplemultiple  

-- lyticlytic  lesionslesions  

-- selfself--limited FCD; limited FCD; progressivelyprogressively  growinggrowing  NOFNOF  

-- proliferationproliferation  ofof   fibroblastsfibroblasts  ((oftenoften  storiformstoriform  patternpattern), ), histiocyteshistiocytes  ((multinucleatedmultinucleated  giantgiant  cellscells, , 
clustersclusters  ofof   foamyfoamy  macrophagesmacrophages) )   

  

 FibrousFibrous  dysplasiadysplasia  

-- monoostoticmonoostotic, , polyostoticpolyostotic, , McCuneMcCune--Albright syndrome (Albright syndrome (polyostoticpolyostotic  FD, café au FD, café au laitlait  sin sin 
pigmentationpigmentation, , endocrinopathiesendocrinopathies))  

-- circumscribedcircumscribed, , intramedullaryintramedullary  

-- curvilinearcurvilinear  trabeculaetrabeculae  ofof   wovenwoven  bone and bone and moderatelymoderately  cellularcellular  fibroblasticfibroblastic  proliferationproliferation, , sometimessometimes  
nodulesnodules  ofof   hyalinehyaline  cartilagecartilage; ; cysticcystic  degenerationdegeneration, , hemorrhageshemorrhages, , foamyfoamy  macrophagesmacrophages  

  

 FibrosarcomaFibrosarcoma  

-- olderolder  peoplepeople, long , long bonesbones  

-- malignantmalignant  fibroblast in a fibroblast in a herringboneherringbone  patternpattern  



Miscellaneous tumorsMiscellaneous tumors  

 EwingEwing  sarcomasarcoma    

-- smallsmall  roundround  cell cell tumorstumors  ofof   thethe  bonesbones  and soft and soft tissuestissues    

-- 66--10 % 10 % ofof   primaryprimary  bone bone tumorstumors  

-- 80 % 80 % patientspatients  underunder  20, M20, M>>FF  

-- translocationstranslocations  (t(11;22), t(7;22), t(21;22)); (t(11;22), t(7;22), t(21;22)); fusionfusion  ofof   EWS gene EWS gene withwith  a a membermember  ofof   ETS ETS familyfamily  ofof   transcriptiontranscription  
factorfactor; ; resultresult  in in chimericchimeric  protein protein whichwhich  actsacts  as a as a constitutivelyconstitutively  activeactive  transcriptiontranscription  factorfactor  stimulatingstimulating  cell cell 
proliferationproliferation  

-- diaphysesdiaphyses  ofof   long long tubularytubulary  bonesbones  and pelvis; and pelvis; arisingarising  in in medullarymedullary    cavitycavity  invadinginvading  thethe  cortexcortex, , periostiumperiostium  and and 
soft soft tissuestissues    

-- lyticlytic  lesionlesion, , periostalperiostal  reactionreaction  ––  reactivereactive  bone in bone in anan  oniononion--likelike  fashionfashion  

-- neuralneural  differentiationdifferentiation, , HomerHomer--WrightWright  rosettesrosettes    

  

 GiantGiant  cell tumor (cell tumor (osteoclastomaosteoclastoma))  

-- locallylocally  agressiveagressive, , osteolyticosteolytic, , largelarge, , redred  brownbrown, , oftenoften  cysticallycystically  degenerateddegenerated; ; highhigh  recurrencerecurrence  raterate, , potentiallypotentially  
malignantmalignant  (5 %)(5 %)  

-- proliferatingproliferating  mononuclearmononuclear  cellscells, , osteoclastosteoclast--type type giantgiant  cellscells, , necrosisnecrosis, , hemorrhagehemorrhage, , hemosiderinhemosiderin  depositsdeposits, , reactivereactive  
bone bone formationformation  

-- epiphysesepiphyses  ofof   long long bonesbones  

-- betweenbetween  20 and 4020 and 40  

-- differentialdifferential  diagnosisdiagnosis: : brownbrown  tumor in tumor in hyperparathyreoidismhyperparathyreoidism, , giantgiant  cell cell reparativereparative  granulomagranuloma, , pigmentedpigmented  
villonodularvillonodular  synovitissynovitis, , chondroblastomachondroblastoma  

  

  



Giant cell tumor Giant cell tumor --  osteoclastomaosteoclastoma  



Malignant tumours of  the bone  

Tumor % Usual age M:F Sites affected Behaviour Treatment, 

prognosis 

Osteosarcoma 30 Adolescents 2:1 Long bones, distal femur, 

proximal tibia 

Rapid growth, 

pain, swelling, 

lung metastases 

Surgery and 

chemotherapy 

40% + cure 

rate 

Chondrosarcoma 

 

15 35-60 2:1 Pelvis, ribs, spine, long 

bones 

Slow 

enlargement, 

lung metastases 

Surgery  

75% cure rate 

Fibrosarcoma 20 Any age,  

peak 30-40 

3:2 Femur, tibia, humerus, 

pelvis  

Local growth, 

vascular 

invasion 

Surgery 

40% cure rate 

 

Ewing´s sarcoma 7 Children and 

teenagers 

2:1 Long bones, pelvis, ribs Widespread 

metastases 

Surgery and 

chemotherapy 

50% + cure 

rate 

 

+ secondary, metastatic tumors: breast, lung, prostate, kidney, thyroid cancer,…..   

+ osteolytic lesions in myeloma (plasmocytoma) 



Pathology of  the JointsPathology of  the Joints  



OsteoarthritisOsteoarthritis  ((osteoarthrosisosteoarthrosis))  

 CommonCommon  painfulpainful, , disablingdisabling  degenerativedegenerative  joint joint diseasedisease  

  

 PrimarilyPrimarily  affectsaffects  cartilagecartilage  ofof   weightweight--bearingbearing  jointsjoints  ((e.ge.g. . hipships, , kneesknees))  

  

 ErosionErosion  ofof   cartilagecartilage  leadsleads  to to secondarysecondary  changeschanges  in in underlyingunderlying  

bonebone  

  

 OnlyOnly  limited limited inflammatoryinflammatory  changeschanges  in in synovialsynovial  membranemembrane  

  

 OsteoarthritisOsteoarthritis  ofof   hip and hip and kneeknee  cancan  bebe  treatedtreated  surgicallysurgically  by joint by joint 

replacementreplacement  





Osteoarthritis (degenerative joint disease)Osteoarthritis (degenerative joint disease)  

 nonnon--inflammatoryinflammatory  degenerativedegenerative  diseasedisease; ; progressiveprogressive  erosionerosion  ofof   cartilagecartilage; ; 
secondarysecondary  changeschanges: : inflammatoryinflammatory  and and reactivereactive  changeschanges  in in synovialsynovial  membranesmembranes  
and and thethe  adjacentadjacent  bonesbones  

  

 agingaging  and and mechanicalmechanical  defectsdefects, , geneticgenetic  factorsfactors  

  

 deepdeep  achyachy  painpain, , morningmorning  stiffnessstiffness, , crepituscrepitus  and and limitationlimitation  ofof   rangerange  ofof   
movementmovement    

  

 proliferationproliferation  ofof   chondrocyteschondrocytes, , biochemicalbiochemical  changeschanges  ofof   matrix, matrix, verticalvertical  and and 
horizontalhorizontal  fibrillationfibrillation  and cracking and cracking ofof   thethe  matrix, matrix, degradationdegradation  ofof   superficialsuperficial  
layerslayers  ofof   cartilagecartilage, bone , bone eburnationeburnation, , sclerosissclerosis  ofof   underlyingunderlying  bone, bone, formationformation  
ofof   looseloose  bodiesbodies, , synovialsynovial  fluid in fluid in subchondralsubchondral  regionsregions  ––  pseudocystspseudocysts, , 
osteophytesosteophytes  atat  thethe  marginsmargins  ofof   thethe  articulararticular  surfacesurface  

  

  



RheumatoidRheumatoid  arthritisarthritis  

 a a chronicchronic  systemicsystemic  inflammatoryinflammatory  disorderdisorder  affectingaffecting  alsoalso  jointsjoints  

  

 a a nonsuppurativenonsuppurative  proliferativeproliferative, , inflammatoryinflammatory  synovitissynovitis  thatthat  oftenoften  
progressesprogresses  to to destructiondestruction  ofof   thethe  articulararticular  cartilagecartilage  and and ankylosisankylosis  
ofof   thethe  jointsjoints  

  

 autoimmuneautoimmune  diseasedisease, in a , in a geneticallygenetically  susceptiblesusceptible  host; 95 % RA host; 95 % RA 
patientspatients  havehave  positivity positivity ofof   rheumatoidrheumatoid  factorfactor  ((IgMIgM  againstagainst  FcFc  
fragment fragment ofof   IgGIgG  ––  immunocomplexesimmunocomplexes); F); F>>MM  

  

 smallsmall  bonesbones  ofof   thethe  handshands, , wristwrist, , ankelsankels, , elbowselbows, , kneesknees, , cervicalcervical  
spine, spine, hipships  affectedaffected; ; lumbosacrallumbosacral  region region sparedspared    

  

  



RheumatoidRheumatoid  arthritisarthritis  

 systemicsystemic  featuresfeatures  includeinclude: : subcutaneoussubcutaneous  rheumatoidrheumatoid  nodulesnodules, , 
anaemiaanaemia, , lymphadenopathylymphadenopathy  and and splenomegalysplenomegaly, , serositisserositis  ((e.ge.g. . 
pericarditispericarditis), ), SjögrenSjögren  syndrome, syndrome, uveitisuveitis, , vasculitisvasculitis,…. ,….   

 juvenilejuvenile  rheumatoidrheumatoid  arthritis: arthritis: childrenchildren  cancan  bebe  alsoalso  affectedaffected  

  



SeronegativeSeronegative  spondylarthropathiesspondylarthropathies: : 

spondylarthropatiesspondylarthropaties  assocassoc. . withwith  HLAHLA--B27 B27 haplotypehaplotype  

 AnkylosingAnkylosing  spondylitisspondylitis  

-- InflammatoryInflammatory  disorderdisorder  ofof   spinalspinal  jointsjoints  

-- ChronicChronic  synovitissynovitis, , destructiondestruction  ofof   cartilagecartilage, bony , bony ankylosisankylosis  ((sacroiliacsacroiliac  and and apohysealapohyseal  jointsjoints), ), 

ossificationossification  ofof   tendinoligamentoustendinoligamentous  insertioninsertion  

-- FusionFusion  ofof   vertebralvertebral  bodiesbodies  inhibitsinhibits  flexionflexion  and and rotationrotation, , especiallyespecially  in in cervicalcervical  segment, segment, 

somesome  patientspatients  developdevelop  fixedfixed  spinalspinal  deformitiesdeformities    

-- 90 % 90 % ofof   casescases  havehave  thethe  HLAHLA--B27 B27 haplotypehaplotype  

-- SystemicSystemic  featurefeature  includeinclude  peripheralperipheral  arthritis, arthritis, uveitisuveitis, , chronicchronic  inflammatoryinflammatory  bowelbowel  diseasedisease  

  

 ReiterReiter´́ss  diseasedisease  

-- arthritis + arthritis + conjuctivitisconjuctivitis  + + urethritisurethritis  

-- 80 % HLA80 % HLA--B27+; B27+; autoimmuneautoimmune  reactionreaction  initiatedinitiated  by prior by prior infectioninfection    

-- infectionsinfections  ofof   genitourinarygenitourinary  ((ChlamydiaChlamydia) and GIT () and GIT (ShigellaShigella, , SalmonellaSalmonella, , YersiniaYersinia, , 

CampylobacterCampylobacter))  

  

+ + arthritis in psoriasis arthritis in psoriasis ((distaldistal  interphalangealinterphalangeal  jointsjoints); in ); in IBD IBD ((inflammatoryinflammatory  bowelbowel  diseasedisease))  

  



Ankylosing spondylitis 



 BacterialBacterial  arthritisarthritis  
-- StaphylococcusStaphylococcus  aureusaureus  

-- StaphylococcusStaphylococcus  albusalbus  ((prostheticprosthetic  jointsjoints))  

-- StreptococcusStreptococcus  pyogenespyogenes  

-- HaemophilusHaemophilus  influenzaeinfluenzae  

-- DiplococcusDiplococcus  pneumoniaepneumoniae  

-- NeisseriaNeisseria  gonorrhoeaegonorrhoeae  
  

 tbc arthritistbc arthritis  
-- complicationcomplication  ofof   tbc osteomyelitis tbc osteomyelitis oror  hematogenoushematogenous  disseminationdissemination  fromfrom  a a visceralvisceral  sitesite  

ofof   infectioninfection    

  

 LymeLyme  arthritisarthritis  
-- BorreliaBorrelia  burgdorferiburgdorferi  ((transmittedtransmitted  by by ticksticks))  

  

 VirusVirus--associatedassociated  arthritisarthritis  
-- parvovirusparvovirus  B19, B19, rubellarubella, HCV, HCV  

  

 InfectiveInfective  discitisdiscitis  
-- StaphylococcusStaphylococcus  aureus, aureus, MycobacteriumMycobacterium  tuberculosistuberculosis, , BrucellaBrucella  abortusabortus  

  

  

Infective arthritis 



RheumaticRheumatic  arthritis arthritis ––  rheumaticrheumatic  feverfever  

 anan  acuteacute  immunologicallyimmunologically  mediatedmediated  multisystemmultisystem  

inflammatoryinflammatory  diseasedisease  occuringoccuring  a a fewfew  weeksweeks  afterafter  anan  

episodeepisode  ofof   groupgroup  A A streptococcalstreptococcal  pharyngitispharyngitis  

  

 migratorymigratory  polyarthritispolyarthritis  ofof   largelarge  jointsjoints  

 pancarditispancarditis  

    

  
!!! 

Rheumatic fever: immunologically mediated post-streptococcal illness affecting heart and joints 

 

Rheumatoid disease: autoimmune disorder causing arthritis, completely unrelated to rheumatic fever 



GoutGout  

- Painful acute inflammatory response to tissue deposition of  urate crystals 

- Most commonly affects metatarsopahlangeal joint of  first toe 

- Much more common in males than females, onset 40-60 years, familial tendency 

- Serum auric acid levels are raised 

- May be associated with chronic renal disease   

Pathogenesis: 

- Idiopathic 

- Impaired uric acid excretion secondary to chronic renal failure, thiazide diuretics 

- Increased uric acid production (in increased cell turnover, in specific enzyme defects) 

- High dietary purine intake 



TumorTumor--like lesions of  the jointslike lesions of  the joints  

 GanglionGanglion  

-- nearnear  a joint a joint capsulecapsule, , wristwrist, , peapea--sizedsized  nodulenodule  

-- resultresult  ofof   cysticcystic  and and myxoidmyxoid  degenerationdegeneration  ofof   connectiveconnective  tisuuetisuue  

  

 SynovialSynovial  cystscysts  

-- herniationherniation  ofof   synoviumsynovium  oror  enlargementenlargement  ofof   a a bursabursa  

-- poplitesalpoplitesal  spacespace  ––  BakerBaker  cystcyst  

  

 OsteochondralOsteochondral  looseloose  bodiesbodies  

-- in in degenerativedegenerative  joint joint diseasedisease  

  



Tumors of  the jointsTumors of  the joints  

 PigmentedPigmented  villonodularvillonodular  synovitissynovitis  

-- benignbenign  neoplasmneoplasm  

-- oneone  oror  more more jointsjoints, , diffuselydiffusely  involvedinvolved  ((kneeknee))  

-- redred  brownbrown  foldsfolds, , fingerfinger--likelike  projectionsprojections, , nodulesnodules, , synovialocytessynovialocytes, , hemosiderinhemosiderin  depositsdeposits, , 
foamyfoamy  macrophagesmacrophages, , multinucleatedmultinucleated  gintgint  cellscells, , zoneszones  ofof   sclerosissclerosis; ; erosionerosion  ofof   thethe  bonebone  

  

 GiantGiant  cell tumor cell tumor ofof   tendomtendom  sheatsheat  

-- localisedlocalised  nodularnodular  tendosynovitistendosynovitis, , disretedisrete  nodulenodule  on a on a tendontendon  sheathsheath  

  

 SynovialSynovial  chondromatosischondromatosis  

--          multiplemultiple  intrasynovialintrasynovial  chondromaschondromas  oror  ossifyingossifying  chondromaschondromas  

  

 SynovialSynovial  sarcomasarcoma    

-- soft soft tissuetissue  tumortumor  

-- dualdual  line line ofof   differentiationdifferentiation  ((epithelialepithelial--likelike  and and spindlespindle  cellscells); ); rarelyrarely  monophasicmonophasic    

-- t(X;18)t(X;18)  

-- metastasesmetastases  intointo  lungslungs  

  

  



ConnectiveConnective  tissuetissue  diseasesdiseases, , systemicsystemic  

 MultisystemMultisystem  disordersdisorders, , oftenoften  affectingaffecting  jointsjoints, skin, , skin, subcutaneoussubcutaneous  tissuestissues  

  

 FemalesFemales  preferentiallypreferentially  affectedaffected  ((exceptexcept  polyartheritispolyartheritis  nodosanodosa  ansans  ankylosingankylosing  

spondylitisspondylitis), ), weakweak  geneticgenetic  tendencytendency  

  

 ChronicChronic  clinicalclinical  coursecourse, , maymay  respondrespond  to to antiinfalmmatoryantiinfalmmatory  drugsdrugs, , 

immunosuppressiveimmunosuppressive  drugsdrugs  ((e.ge.g. . steroidssteroids))  

  

 FirstFirst  presentationpresentation  maymay  bebe  duringduring  adolescence adolescence oror  early early adultadult  lifelife  

  

 ImmunologicalImmunological  abnormalitiesabnormalities  oftenoften  presentpresent  ((circulatingcirculating  autoauto--antibodiesantibodies  oror  

evidence evidence ofof   immuneimmune  complexescomplexes))  



Clinical and pathological features of  the major connective tissue diseases 

Disease F:M Age 

(onset) 

Clinical features   Immune 

abnormality  

Pathology 

Rheumatoid 

arthritis 

3:1 Young and 

middle aged 

adults, also 

children 

Chronic polyarthritis 

Subcutaneous nodules 

Splenomegaly 

autoAb against 

native Ig 

(rheumatoid 

factor) 

Chronic synovitis 

Granuomas in 

subcutaneous 

tissues 

Fibrinous 

pericarditis 

Systemic lupus 

erythematosus 

8:1 Young and 

middle aged 

adults 

Erytematous (butterfly) skin 

rash 

Renal disease, glomerular 

damage 

Light sensitivity 

Arthritis, arthralgia. 

Anaemia, leukopenia 

autoAb against 

nuclear and 

cytoplasmic 

proteins and other 

cellular 

component 

Synovitis, 

glomerulonephriti

s, erytematous 

skin rashes 

Polyarteritis 

nodosa 

3:1 Any age, chiefly 

middle aged 

adults 

Arthralgia 

Abdominal pain 

Ischaemic lesions in many 

organs, neuropathy, renal 

damage 

Fever,  

Leukocytosis, eosinofilia 

Some antinuclear 

antibodies and 

rheumatoid factor  

Necrotising 

vasculitis of  

medium-sized 

arteries  

Ankylosing 

spondylitis 

2:1 Young adults Back pain 

Arthritis 

Uveitis 

Most  

HLA-B27+ 

Spondylitis, bony 

fusion of  spine 

and SI joints 



Clinical and pathological features of  the major connective tissue diseases 

Disease F:M Age at onset Clinical features   Immune 

abnormality  

Pathology 

Poly- and 

dermatomyositis 

3:1 Adults 

(DM also in 

children) 

Muscle weakness, pain, 

tenderness, skin rashes 

in DM 

Myositis assoc. 

autoAb 

Inflammatory 

myositis, in 

some cases 

paraneoplastic 

Polymyalgia 

rheumatica 

2:1 Elderly Malaise, weakness, 

muscle aching, esp. 

shoulders, pelvis, hips 

No consistent 

changes 

Raised ESR  

Non specific 

muscle biopsy 

changes, some 

overlap with 

temporal 

arteritis 

Temporal, giant 

cell arteriis  

2:1 Elderly Headache 

Visual loss 

Tender scalp 

No consistent 

changes 

Raised ESR  

 

Chornic 

granulomatous 

arteritis, head 

and neck 

arteries 

Systemic 

sclerosis 

(scleroderma) 

3:1 30-50 years Raynaud´s 

phenomenon 

Thick skin  

Polyarthritis 

Dysphagia. Dyspnoe. 

Hypertension 

RF (25 %) 

Antinuclear Ab 

(50 %) 

Fibrosis of  

subcutaneous 

and submucosal 

tissue, fibrosis 

of  muscular 

arteries 



SkeletalSkeletal  musclemuscle  pathologypathology::  

NeuromuscularNeuromuscular  disordersdisorders  



Muscle biopsyMuscle biopsy  

 SpecializedSpecialized  laboratorieslaboratories  in in departmentsdepartments  ofof   pathologypathology  (FN (FN Motol)Motol)  

 GuidedGuided  usingusing  imagingimaging  and and resultsresults  ofof   clinicalclinical  assessmentassessment  

 Open versus Open versus needleneedle  biopsybiopsy  

 Standard Standard histologicalhistological  techniquestechniques, enzyme , enzyme histochemistryhistochemistry  

 ImmunohistochemistryImmunohistochemistry  and and immunoblottingimmunoblotting  

-- panel panel ofof   antibodiesantibodies  

-- evaluationevaluation  ofof   primaryprimary  and and secondarysecondary  changeschanges  on on immunoanalysisimmunoanalysis  

 DirectionDirection  ofof   reasonablereasonable  mutationalmutational  analysisanalysis  

    

  
  

Lobulated fibers in LGMD2A Dystrophic features in biopsy 



NeuromuscularNeuromuscular  disordersdisorders  

 NeurogenicNeurogenic  disordersdisorders  ––  neurogenicneurogenic  atrophyatrophy  

  

 DisordersDisorders  ofof   neuromuscularneuromuscular  transmissiontransmission  

  

 MyogenicMyogenic  disordersdisorders  
-- MuscularMuscular  dystrophiesdystrophies  

-- CongenitalCongenital  structuralstructural  myopathiesmyopathies    

  

 InflammatoryInflammatory  myopathiesmyopathies  ––  myositismyositis  

  

 MyopathiesMyopathies  associatedassociated  withwith  metabolicmetabolic  diseasesdiseases  
-- GlycogenosisGlycogenosis  ((glycogenglycogen  storagestorage  diseasesdiseases))  

-- CarnitineCarnitine  deficiencydeficiency  

-- MitochondrialMitochondrial  disordersdisorders  

  

 OthersOthers    
-- myopathiesmyopathies  in in endocrinopathiesendocrinopathies  ((thyreotoxicthyreotoxic  and and hypothyreoidhypothyreoid  myopathymyopathy, steroid , steroid myopathymyopathy,… ) ,… )   

-- drugdrug  inducedinduced  myopathymyopathy  (steroid (steroid myopathymyopathy, , myopathymyopathy  in in patientspatients  treatedtreated  withwith  hydrochloroquinehydrochloroquine,…)  ,…)    

-- ethanolethanol  myopathymyopathy  

  
  



MyopathiesMyopathies  associatedassociated  withwith  inborninborn  errorserrors  

ofof   metabolismmetabolism  (1)(1)  

GlycogenGlycogen  storagestorage  diseasedisease  

  

 Type Type IIaIIa  ; AR, ; AR, PompePompe´́ss  diseasedisease; acid ; acid maltasemaltase  deficiencydeficiency  

 Typ Typ IIbIIb; XR, X ; XR, X linkedlinked  vacuolarvacuolar  cardiomyopathycardiomyopathy  and and myopathymyopathy  ; ; 
DanonDanon´́ss  diseasedisease, LAMP 2 , LAMP 2 deficiencydeficiency  ((lysosomelysosome  associatedassociated  
membranemembrane  protein)protein)  

 Typ IV; AR, Typ IV; AR, AndersenAndersen´́ss  diseasedisease; ; brancherbrancher  enzyme enzyme deficiencydeficiency  

 Typ V; AR, Typ V; AR, McArdleMcArdle´́ss  diseasedisease; ; musclemuscle  phosphorylasephosphorylase    deficiencydeficiency  

 Typ III (Typ III (debrancherdebrancher  deficiencydeficiency), Typ VII (), Typ VII (phosphofruktokinasephosphofruktokinase  
deficiencydeficiency))  



StorageStorage  ofof   glycogenglycogen  in in musclesmuscles  in in 

glycogenosisglycogenosis  ((inheritedinherited; AR); AR)  

 PAS+  (PAS+  (glycogenglycogen))  

  

PAS 



MyopathiesMyopathies  associatedassociated  withwith  inborninborn  

errorserrors  ofof   metabolismmetabolism  (2)(2)  

 Lipid Lipid myopathiesmyopathies  

-- carnitinecarnitine  palmitoylpalmitoyl--transpherasetranspherase  deficiencydeficiency  

-- carnitinecarnitine  deficiencydeficiency  

  

 MitochondrialMitochondrial  myopathiesmyopathies  ((oxidativeoxidative  

phosphorylationphosphorylation  diseasesdiseases))  

      ((mtmt  DNA, DNA, nuclearnuclear  DNA)DNA)  

  

  

  



Carnitine palmitoyl-transpherase deficiency: accumulation of  neutral lipids 

Mitochondrial myopathy:  

lamelar mitochondrial inclusion  

Ragged red fiber in mitochondrial myopathy 



NeurogenicNeurogenic  disordersdisorders  ((denervationdenervation  atrophyatrophy))  

 Motor neuron Motor neuron diseasesdiseases  

-- AmyotrophicAmyotrophic  laterallateral  sclerosissclerosis  

-- SpinalSpinal  muscularmuscular  atrophyatrophy  

  

 RadiculopathiesRadiculopathies    

-- discopathiesdiscopathies    

-- extramedullarextramedullar  tumorstumors    

-- polyradiculoneuropathypolyradiculoneuropathy--immuneimmune  mediatedmediated--GuillainGuillain--BarréBarré  syndrome syndrome ––  
demyelinatingdemyelinating  disorderdisorder      

  

 DamageDamage  ofof   peripheralperipheral  nervesnerves//peripheralperipheral  neuropathiesneuropathies      

          inflammatoryinflammatory, , traumatictraumatic, , metabolicmetabolic  ((diabeticdiabetic), ), toxictoxic, , geneticgenetic  ((hereditaryhereditary  motor motor 
and sensory and sensory neuropathiesneuropathies), ), neoplasticneoplastic  

  

  

  



Motor neuron tract 
Upper motoneuron 

Lower motoneuron 



Types of  muscle fibersTypes of  muscle fibers  

reactionreaction  1 (SO)1 (SO)  
Slow oxidativeSlow oxidative  

2A (FOG)2A (FOG)  
Fast oxidative Fast oxidative 

glycolyticglycolytic  

2B (FG)2B (FG)  
Fast glycolyticFast glycolytic  

mATPasa mATPasa 

(pH 9,4)(pH 9,4)  

--  ++  ++  

mATPasa mATPasa 

(pH 4,6)(pH 4,6)  

++  --  ++  

mATPasa mATPasa 

(pH 4,3)(pH 4,3)  

++  +/+/--  --  

NADHNADH--TR TR 

and SDHand SDH  

++  +/+/--  --  









Group atrophy of  muscle fibers in neurogenic lesion  



Type I group atrophy of  muscle fibers 



Motor neuron Motor neuron diseasesdiseases  

  
-- AmyotrophicAmyotrophic  laterallateral  sclerosissclerosis  

    ((bothboth  upperupper  and and lowerlower  motorneuronsmotorneurons  affectedaffected, , distaldistal  and and proximalproximal  

musclemuscle  weaknessweakness  and and wastingwasting  spasticityspasticity))  

  

-- ProgressiveProgressive  muscularmuscular  atrophyatrophy  

    ((lowerlower  motor neuron motor neuron involvementinvolvement, , weaknessweakness  anan  wastingwasting  ofof   distaldistal  

musclesmuscles, , fasciculationsfasciculations  and and absentabsent  reflexesreflexes))  

  

-- ProgressiveProgressive  bulbarbulbar  pulsypulsy  

    ((cranialcranial  nervesnerves  involvementinvolvement  resultsresults  in in weaknessweakness  ofof   thethe  tonguetongue, , 

palatepalate, , pharyngealpharyngeal  musclesmuscles) )   

  



Amyotrophic lateral sclerosisAmyotrophic lateral sclerosis  

 90 % 90 % sporadicsporadic  ALSALS  

 M:F M:F ––  1,7:11,7:1  

 olderolder  peoplepeople, , survivalsurvival  33--4 4 yearsyears, , firstfirst  symptomssymptoms  in 56in 56--63 63 yearsyears, , 

upperupper  extremitiesextremities  preferentiallypreferentially  affectedaffected, , bulbarbulbar  symtomatologysymtomatology    

  

 10 % 10 % hereditaryhereditary  ALSALS    

 4th 4th decadedecade, , juvenilejuvenile  formsforms, F:M , F:M ––  1:11:1  



SpinalSpinal  muscularmuscular  atrophyatrophy  

 InheritedInherited; AR; ; AR; homozygoushomozygous  lossloss  ofof   SMN1 (SMN1 (survivalsurvival  motor motor 

neuron gene) neuron gene)   

  

 occuringoccuring  in 1/6000in 1/6000--10000 10000 birthsbirths; 2; 2--3 % 3 % ofof   populationspopulations  are are 

carrierscarriers    

  

 2nd 2nd most most commoncommon  inheritedinherited  disorderdisorder  afterafter  cysticcystic  fibrosisfibrosis  

((mucoviscidosismucoviscidosis))  

  

    

  

  



AllelicAllelic  variantsvariants  ofof   SMASMA  

 Type Type 1 (1 (WerdnigWerdnig--Hoffmann Hoffmann diseasedisease))  

-- RapidlyRapidly  progressiveprogressive, , onsetonset  beforebefore  3 3 monthsmonths  ofof   ageage, , deathdeath  beforebefore  thethe  ageage  ofof   18 18 monthsmonths  

  

 Type Type 22  

-- OnsetOnset  betweenbetween  66--12 12 monthsmonths  ofof   ageage, more , more slowlyslowly  progressiveprogressive  withwith  variablevariable  lifelife  

expectancyexpectancy  

  

 Type 3 (Type 3 (KugelbergKugelberg--WelanderWelander  diseasedisease))  

-- OnsetOnset  betweenbetween  22--15 15 yearsyears  ofof   ageage, , slowlyslowly  progressiveprogressive  

  

 Type Type 44  

-- AffectsAffects  adultsadults, very , very slowslow  coursecourse  causingcausing  mildmild  disabilitydisability  

  

  



SpinalSpinal  muscularmuscular  atrophyatrophy  

Type I fiber hypertrophy 



PeripheralPeripheral  neuropathyneuropathy: : peripheralperipheral  nerve nerve disordersdisorders  

 MononeuropathyMononeuropathy  

-- a single nerve a single nerve involvedinvolved  

-- e.ge.g. . carpalcarpal  tunneltunnel  syndrome syndrome   

  

 MononeuritisMononeuritis  multiplexmultiplex  

-- severalseveral  isolatedisolated  nervesnerves  involvedinvolved  

-- e.ge.g. . polyarteritispolyarteritis  nodosanodosa, , sarcoidosissarcoidosis    

  

 PolyneuropathyPolyneuropathy: : multiplemultiple  nerve nerve involvementinvolvement  

 MainlyMainly  motor: motor: e.ge.g. . GuillainGuillain--BarreBarre  sysy  ((autoimmuneautoimmune  polyradiculoneuritispolyradiculoneuritis))  

 MainlyMainly  sensory: sensory: carcinomatouscarcinomatous  neuropathyneuropathy  

 SensorimotorSensorimotor: : e.ge.g. . alcoholismalcoholism  

 AutonomicAutonomic: : e.ge.g. diabetes. diabetes  



IntervertebralIntervertebral  discdisc  prolapseprolapse  

  



DisordersDisorders  ofof   neuromuscularneuromuscular  transmissiontransmission  

  
 MyastheniaMyasthenia  gravis gravis   
-- autoimmuneautoimmune  diseasedisease, , lossloss  ofof   acetylcholine acetylcholine receptor receptor duedue  to to productionproduction  ofof   

autoAbautoAb  

-- fluctuatingfluctuating  progressiveprogressive  musclemuscle  weaknessweakness  ((ocularocular, , bulbarbulbar  and and proximalproximal  limb limb 
musclesmuscles  preferentiallypreferentially  affectedaffected))  

-- femalesfemales  more more oftenoften  affectedaffected  

-- thymicthymic  hyperplasiahyperplasia  oror  thymomathymoma  in many in many patientspatients  

-- immunosuppressiveimmunosuppressive  treatmenttreatment  and and thymectomythymectomy  

  

 LambertLambert--EatonEaton  myastheniamyasthenia  syndromesyndrome  
-- paraneoplasticparaneoplastic, , complicationcomplication  ofof   malignancymalignancy  ((e.ge.g. . lunglung  cancercancer  ––  smallsmall  cell cell 

carcinomacarcinoma))  

-- limb limb girdlegirdle  and and proximalproximal  musclemuscle  weaknessweakness  

-- autoimmunityautoimmunity  to to calciumcalcium  channelschannels??????  

  



MuscularMuscular  dystrophiesdystrophies  

 heterogeneousheterogeneous  groupgroup  ofof   inheritedinherited  disordersdisorders  ofof   musclesmuscles  

    

 progressiveprogressive  musclemuscle  weaknessweakness  and and wastingwasting  

  

 „„dystrophicdystrophic“ “ musclemuscle  biopsybiopsy  changeschanges  and and replacementreplacement  ofof   musclemuscle  by by fibrofattyfibrofatty  

tissuetissue    

  

 defectsdefects  in in musclemuscle  proteinsproteins  

  

 clinicalclinical  and and geneticgenetic  heterogeneityheterogeneity  

  

 somesome  are are associatedassociated  withwith  multisystemmultisystem  involvementinvolvement  ((includingincluding  cardiaccardiac  

((arrhytmiasarrhytmias, , bothboth  dilateddilated  and and hypertrophichypertrophic  cardiomyopathiescardiomyopathies) and ) and CNS) CNS)   

  





Muscular dystrophiesMuscular dystrophies  

 Dystrophinopathies (XDystrophinopathies (X--linked)linked)  

 LimbLimb--girdle muscular dystrophies; LGMDs (AR, AD)girdle muscular dystrophies; LGMDs (AR, AD)  

 EmeryEmery--Dreifuss muscular dystrophy (XDreifuss muscular dystrophy (X--linked, AD) linked, AD)   

 Facioscapulohumeral muscular dystrophy (AD)Facioscapulohumeral muscular dystrophy (AD)  

 Congenital muscular dystrophy (AR)Congenital muscular dystrophy (AR)  

 Oculopharyngeal muscular dystrophy (AD)Oculopharyngeal muscular dystrophy (AD)  

 Distal myopathy (AR, AD)Distal myopathy (AR, AD)  

 BethlemBethlem´́s myopathy (AD)s myopathy (AD)  

 BarthBarth´́s syndrome (Xs syndrome (X--linked)linked)  

 Myotonic dystrophy (AD)Myotonic dystrophy (AD)  

  



Diagnosis of  muscular dystrophiesDiagnosis of  muscular dystrophies  

 ClinicalClinical  assessmentassessment    

-- generalgeneral  neurologicalneurological  examinationexamination    

-- serumserum  creatinecreatine  kinasekinase  (CK) (CK) levellevel    

-- neurophysiologyneurophysiology  ––  electromyographyelectromyography  ((exclusionexclusion  ofof   neuropathyneuropathy))  

-- musclemuscle  imagingimaging  (MRI, CT)(MRI, CT)  

  

 MuscleMuscle  biopsybiopsy  (2/3 (2/3 geneticallygenetically  defineddefined  LGMD are LGMD are suggestedsuggested  by by biopsybiopsy) )   

-- histopathologyhistopathology  

-- immunohistochemistryimmunohistochemistry  (IH), (IH), immunofluorescenceimmunofluorescence  (IMF)(IMF)  

-- immunoblottingimmunoblotting  

  

 MolecularMolecular  geneticgenetic  testingtesting  ––  mutationalmutational  analysisanalysis  ((thethe  goldgold  standard standard forfor  diagnosisdiagnosis))  

-- DNADNA  

-- mRNAmRNA  

-- NGSNGS  



DuchenneDuchenne  muscularmuscular  dystrophydystrophy  (DMD)(DMD)  

  

 DueDue  to severe to severe mutationsmutations  in in 

dystrophindystrophin  genegene  

  

 XX--linkedlinked; ; femalefemale  carrierscarriers  

  

 MedianMedian  ageage  ofof   presentationpresentation: 3.5 : 3.5 

yearsyears; ; progressiveprogressive  coursecourse; ; lifelife  

expectancyexpectancy  20 20 yearsyears; ; calfcalf   

pseudohypertrophypseudohypertrophy      

  

 MyogenicMyogenic  lesionlesion  in in musclemuscle  biopsybiopsy, , 

lossloss  ofof   dystrophindystrophin    immunofluorescence, loss of  dystrofin in DMD 



BeckerBecker  muscularmuscular  dystrophydystrophy  (BMD)(BMD)  

 DueDue  to into in--frameframe  deletiondeletion  in in dystrophindystrophin  genegene  

 MilderMilder  allelicallelic  variant variant ofof   DMDDMD  

 TruncatedTruncated  protein protein dystrophindystrophin  isis  producedproduced  

  

FemaleFemale  carrierscarriers  ofof   DMD/BMDDMD/BMD  

 SymptomaticSymptomatic    

 AsymptomaticAsymptomatic  

  



LimbLimb--girdle muscular girdle muscular 

dystrophiesdystrophies  
 GeneticallyGenetically  and and clinicallyclinically  heterogeneousheterogeneous  

groupgroup  ofof   progressiveprogressive  muscularmuscular  

dystrophiesdystrophies  

  

 MusclesMuscles  ofof   thethe  pelvicpelvic  and and shouldershoulder  

girdlegirdle  are are preferentiallypreferentially  affectedaffected  

  

 25 25 formsforms  autosomalautosomal  recessiverecessive  ((atat  least)least)  

 8 8 formsforms  autosomalautosomal  dominantdominant  

  +  AR, AD and X+  AR, AD and X--linkedlinked  muscularmuscular  dystrophiesdystrophies    

withwith  LGMD LGMD phenotypephenotype  

  



Classification of  autosomal recessive LGMD (14)Classification of  autosomal recessive LGMD (14)  

DiseaseDisease  ProteinProtein  GeneGene  Relative prevalenceRelative prevalence  

LGMD2A LGMD2A   Calpain 3Calpain 3  CAPN3CAPN3  worldwide (WW); eastern Europeansworldwide (WW); eastern Europeans  

LGMD2BLGMD2B  DysferlinDysferlin  DYSFDYSF  southernsouthern>>northern Europe; Australianorthern Europe; Australia  

LGMD2CLGMD2C  γγ--SarcoglycanSarcoglycan  SGCGSGCG  WW, most frequent in Tunisia WW, most frequent in Tunisia   

LGMD2DLGMD2D  αα--SarcoglycanSarcoglycan  SGCASGCA  WW; most frequent sarcoglycanopathyWW; most frequent sarcoglycanopathy  

LGMD2ELGMD2E  ββ--SarcoglycanSarcoglycan  SGCBSGCB  northern and southern Indiana Amish northern and southern Indiana Amish   

LGMD2FLGMD2F  δδ--SarcoglycanSarcoglycan  SGCDSGCD  common in Africancommon in African--BrazilianBrazilian  

LGMD2GLGMD2G  TelethoninTelethonin  TCAPTCAP  rarely outside Brasilrarely outside Brasil  

LGMD2HLGMD2H  TRIM32TRIM32  TRIM32TRIM32  Hutterite population of  CanadaHutterite population of  Canada  

LGMD2ILGMD2I  FukutinFukutin--related proteinrelated protein  FKRPFKRP  Northern Europe (826CNorthern Europe (826C>>A)A)  

LGMD2JLGMD2J  TitinTitin  TTNTTN  Only in FinlandOnly in Finland  

LGMD2KLGMD2K  OO--Mannosyl transferaseMannosyl transferase--11  POMT1POMT1  Few cases in Turkey and EnglandFew cases in Turkey and England  

LGMD2LLGMD2L  Anoctamin 5Anoctamin 5  ANO5ANO5  FrenchFrench--Canadian familyCanadian family  

LGMD2MLGMD2M  FukutinFukutin  FKTNFKTN  5 families5 families  

LGMD2NLGMD2N  OO--Mannosyl transferaseMannosyl transferase--22  POMT2POMT2  Few reportedFew reported  

+ 13 recently described AR LGMD….. 



Classification of  autosomal dominant LGMD (8)Classification of  autosomal dominant LGMD (8)  

DiseaseDisease  ProteinProtein  GeneGene  Relative prevalenceRelative prevalence  

LGMD1ALGMD1A  MyotilinMyotilin  MYOT MYOT 

5q225q22--q34q34  

>>  15 families described15 families described  

LGMD1BLGMD1B  LaminA/CLaminA/C  LMNA LMNA 

1q111q11--q21q21  

Clinical syndromes: EmeryClinical syndromes: Emery--Dreifuss MD, Dreifuss MD, 

LGMD1B, CMD with rigid spine, neuropathy (ARLGMD1B, CMD with rigid spine, neuropathy (AR--

CMT2A), quadriceps myopathy with dilated CMT2A), quadriceps myopathy with dilated 

cardiomyopathy, Familial partial lipodystrophy, cardiomyopathy, Familial partial lipodystrophy, 

Mandibuloacral dysplasia, premature aging, lethal Mandibuloacral dysplasia, premature aging, lethal 

phenotype.phenotype.  

LGMD1CLGMD1C  CaveolinCaveolin--33  CAV3 CAV3 

3p253p25  

Clinical syndromes: LGMD1C, rippling muscle Clinical syndromes: LGMD1C, rippling muscle 

disease, idiopathic hyperCKaemia, distal myopathydisease, idiopathic hyperCKaemia, distal myopathy  

LGMD1DLGMD1D  ??  7q7q  2 families described2 families described  

LGMD1ELGMD1E  ??  6q236q23  1 large family described: French Canadian descent1 large family described: French Canadian descent  

LGMD1FLGMD1F  ??  7q327q32  1 large family described: Spanish1 large family described: Spanish  

LGMD1GLGMD1G  ??  4p214p21  1 family described: Brazilian1 family described: Brazilian--CaucasianCaucasian  

LGMD1HLGMD1H  ??  3p233p23  1 family described: Southern Italian family1 family described: Southern Italian family  



Sarcomere associated proteinsSarcomere associated proteins  

Telethonin: LGMD2G 

Myotilin: LGMD1A 

Titin: LGMD2J 



Sarcolemmal proteins.Sarcolemmal proteins.  

Nuclear lamina structural complex.Nuclear lamina structural complex.  

Glycosyltransferases. Glycosyltransferases.   

Sarcoglycans: LGMD2C-2F 

Caveolin-3: LGMD1C 

Dysferlin: LGMD2B 

Lamin A/C: LGMD1B 

FKRP: LGMD2I 

POMT1: LGMD2K 

POMT2: LGMD2N 

Fukutin: LGMD2M 



EmeryEmery--Dreifuss muscular dystrophyDreifuss muscular dystrophy    

 contracturescontractures  

 slightslight  progressiveprogressive  myopathymyopathy  

preferentiallypreferentially  in in 

humeroperonealhumeroperoneal  localisationlocalisation    

 arrthytmiasarrthytmias  

 mildmild  myogenicmyogenic  lesionlesion  in in 

musclemuscle  biopsybiopsy  

XX--EDMD (Xq28): EDMD (Xq28): emerinemerin    

AD (resp. AR)AD (resp. AR)--EDMD (11q11EDMD (11q11--

23): lamin A 23): lamin A aa  CC  

IHC, normální exprese emerinu  

na jaderné membráně 



CongenitalCongenital  muscularmuscular  dystrophiesdystrophies  (CMD)(CMD)    

 CongenitalCongenital, , presentedpresented  atat  birthbirth, , progressiveprogressive  

    

 InheritedInherited, AR, AR, , geneticallygenetically  and and phenotypicallyphenotypically  heterogeneousheterogeneous  

  

 MuscleMuscle  weaknessweakness, , hypotoniahypotonia, , contracturescontractures; in ; in somesome  subtypessubtypes  structuralstructural  lesionslesions  
ofof   CNS CNS and retinaand retina  

  

 40 40 % % ofof   CMD: CMD: merosinmerosin  deficient deficient formform  (MDC1A); (MDC1A); mutationsmutations  inin  LAMA2 gene LAMA2 gene 
(( 2 2 chainchain  ofof   merosinmerosin))  

  

 --dystroglycanopathiesdystroglycanopathies  ––  mutationsmutations  in in genesgenes  encodingencoding  glycosyltranspherasesglycosyltranspherases  
ofof   --dystroglycandystroglycan  (FCMD, MDC1C, MEB, WWS, MDC1D(FCMD, MDC1C, MEB, WWS, MDC1D))  

  

 musclemuscle  biopsybiopsy: : myogenicmyogenic  lesionlesion, , oftenoften  degenerationdegeneration, , regenerationregeneration, and , and alsoalso  
inflammatoryinflammatory  patternpattern  in in musclemuscle  biopsybiopsy    



CongenitalCongenital  structuralstructural  myopathiesmyopathies  

 A distinctive abnormality in skeletal muscle fibres on the cellular 

level; observable via light microscope 

 

 Symptoms of  muscle weakness and hypotonia. 

 

 Is a congenital disorder, meaning it occurs during development 

and symptoms present themselves at birth or in early life. 

 

 Is a genetic disorder 

 

 Clinically and genetically heterogeneous 

  



CongenitalCongenital  structuralstructural  myopathiesmyopathies  

 CentralCentral  corecore  diseasedisease  

 MultiMulti  and and minicoreminicore  diseasedisease  

 NemalineNemaline  myopathymyopathy  

 CentronuclearCentronuclear  myopathymyopathy  

 CongenitalCongenital  fibrefibre  type type disproportiondisproportion  

  

  



InflammatoryInflammatory  myopathiesmyopathies  --myositismyositis  

 PolymyositisPolymyositis  
-- femalesfemales, , autoimmuneautoimmune  diseasedisease, , oftedofted  associatedassociated  withwith  otherother  autoimmuneautoimmune  

diseasesdiseases  (anti(anti--JoJo--1 protilátky) 1 protilátky)   

-- EndomysialEndomysial  inflammatoryinflammatory  infiltrationinfiltration    

  

 DermatomyositisDermatomyositis    
-- JuvenileJuvenile  and and adultadult, more in , more in femalesfemales, dermatitis and , dermatitis and myopathymyopathy  

-- PerivascularPerivascular  inflammatoryinflammatory  infiltrationinfiltration  (CD20+, CD4+, MAC+)(CD20+, CD4+, MAC+)  

-- PerifascicularPerifascicular  atrophyatrophy  

  

 MyositisMyositis//myopathymyopathy  withwith  inclusioninclusion  bodiesbodies  
-- SporadicSporadic  and and hereditryhereditry  

-- ResistentResistent  to to imunosupresiveimunosupresive  therapytherapy  

  



Polymyositis: endomysial lymhocytic inflammatory infiltration 



MyotoniaMyotonia::  
  thethe  sustainedsustained  involuntaryinvoluntary  contractioncontraction  ofof   a a groupgroup  ofof   musclesmuscles; ; patientspatients  

complaincomplain  ofof   stiffnessstiffness, , difficultiesdifficulties  in in releasingreleasing  theirtheir  gripgrip  

1. 1. MyotoniaMyotonia  congenitacongenita  ((reductionreduction  ofof   functionalfunctional  chloride chloride channelschannels))  

-- BeckerBecker  type (AR)type (AR)  

-- ThomsenThomsen  type (ADtype (AD))  

  

2. 2. MyotonicMyotonic  dystrophydystrophy  

-- DM1 DM1 (AD; 19q13.3, (AD; 19q13.3, myotoninmyotonin  proteinkinaseproteinkinase) )   

          ccongenitalongenital  ((dementiadementia, , hypotoniahypotonia), ), cclassiclassic  ((myotoniamyotonia, , musclemuscle  

weaknessweakness, , atrophyatrophy, , cataractcataract, , endocrinopathiesendocrinopathies), ), mildermilder  formform  

-- DM2 DM2 (AD; 3q21; (AD; 3q21; zinczinc  fingerfinger  protein)protein)--  PROMMPROMM  ––  proximalproximal  

myothonicmyothonic  dystrophydystrophy    



Malignant hyperpyrexiaMalignant hyperpyrexia  

 InheritedInherited  disorderdisorder; AD; AD; ; diagnosticdiagnostic  in vitro in vitro contractioncontraction  testtest  

  

 MutationMutation  in in ryanodinryanodin  receptor gene; receptor gene; associationassociation  withwith  centralcentral  corecore  diseasedisease    

  

 HypermetabolicHypermetabolic  statestate  triggeredtriggered  by by thethe  inductioninduction  ofof   anesthesiaanesthesia, , usuallyusually  withwith  

halogenatedhalogenated  inhalationalinhalational  agentsagents  and and succinylcholinesuccinylcholine  

  

 TachycardiaTachycardia, tachypnoe, , tachypnoe, musclemuscle  spasmsspasms, , hyperpyrexiahyperpyrexia; ; withoutwithout  intensiveintensive  

treatmenttreatment  fatalfatal  clinicalclinical  outcomeoutcome  

  

 ChannelopathyChannelopathy; ; increasedincreased  levelslevels  ofof   free free calciumcalcium  in in sarcoplasmssarcoplasms  ofof   myofibersmyofibers  



Thank you for your attention…. 


